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Abstract: E-commerce will strongly penetrate the market dugled with appropriate
technologies and mechanisms. Mobile agents mayneehihe intelligence and improve the
efficiency of systems in the e-marketplace. We psgpa dynamic multilateral negotiation
model and construct an efficient negotiation sgateased on a ranking mechanism that does
not require a complicated rationale on behalf eflthyer agents. This strategy can be used to
extend the functionality of autonomous intelligagents, so that they quickly reach to an
agreement aiming to maximise their owner’s utilifjie framework proposed considers both
contract and decision issues, is based on realenadnditions, and has been empirically
evaluated. Moreover, it is shown that in a lineanfework like the one we employ more

elaborate ranking mechanisms do not necessarilsovepefficiency.
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1. INTRODUCTION

The ongoing liberalisation and deregulation of #secommunication market will
introduce new actors (Zuidweg et al., 1999). Im@ple, the main role of all players in such a
competitive environment will be to constantly monithe user demand, and in response to
create, promote and provide the desired serviceésearvice features. The following are some

key factors for success. First, the efficiency withich services will be developed. Second,



the quality level, in relation with the correspamglicost, of new services. Third, the efficiency
with which the services will be operated (contrd)lmaintained, administered, etc.).

The challenges outlined above have brought to ¢inegfound several new important
research areas. Some of them are the definitiorewfbusiness models, the elaboration on e-
business concepts (Ghosh, 1998; Field and Waidt@d0), the specification of service
architectures (SAs) & service creation environmg8(SES) (Tag, 1996) and the exploitation
of advanced software technologies, (e.g., disteithutbject computirfigand intelligent mobile
agents (Glitho, 1998)). The aim of this papernsaccordance with efficient service operation
objectives, to propose enhancements to the sogdtisin of the negotiation functionality that
can be offered by e-commerce systems in open cdmapaetommunications environments.
This study is based upon the notion of interacimglligent agents which participate in
trading activities on behalf of their owners, whéghibiting properties such as autonomy,
reactivation, and pro-activation, in order to aghi@articular objectives and accomplish their
goals.

Mobile intelligent agents can act as mediatorsvia bf the six e-commerce phases (He et
al., 2003): need identification product brokering buyer coalition formation merchant
brokering and negotiation After a user’s need has been identifieddd identificatiofy the
agent acting on behalf of the user is involvedeatedmining what product to buy to satisfy the
specific needfroduct brokering and finding an appropriate merchant to purchieegbod
from (merchant brokering either alone or forming a group with other samibuyers uyer
coalition formation, thus exploiting potential economies of scaleeTiext step is to
negotiate the terms and conditions (e.g., delivang, gift services, warranty, quality of
service, performance) under which the desired miodill be delivered rfegotiation phase
However, it is often the case that the most appaigomerchant is identified after the agent
has negotiated with all candidate merchants (Leti@., 2002). Negotiation may be defined
as ‘the process by which a joint decision is made hy ewmore parties. The parties first
verbalise contradictory demands and then move tdsiaagreement by a process of
concession or search for new alternativéBruitt, 1981). In human negotiations, the patie
bargain to determine the price or other transadeoms. In automated negotiations, software
agents engage in broadly similar processes. In retail, the agents prepare bids for and
evaluate offers on behalf of the parties they rggmeaiming to obtain the maximum benefit
for their owners, following specific negotiatiomagegies.

Automated negotiation is a very broad and enconipgsield. For this reason, it is

important to understand the dimensions and rangeptibns that are available. When
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building autonomous agents capable of sophisticatetl flexible negotiation, three broad
areas need to be considered (Faratin et al., 19@B8what negotiation protocol and model
will be adopted, (ii) what are the issues over Wwhiegotiation will take place, and (iii) what
negotiation strategies will the agents employ. Tibgotiation protocol defines the “rules of
encounter” between the agents (Rosenschein andirzldt994). Then, depending on the
goals set for the agents and the negotiation pobttee negotiation strategies are determined
(Roussaki and Louta, 2003). Given the wide varwtyossibilities, there is no universally
best approach or technique for automated negatmti@ennings et al., 2001), rather
protocols, models and strategies need to be setding to the prevailing situation.

This paper concentrates predominantly on the iBsie, proposing a negotiation protocol
to be employed in an automatic multi-lateral midsue negotiation model and on the third
point providing an efficient negotiation strategyr fthe electronicBusiness-to-Consumer
(B2C) marketplace. In this framework, the roledla# negotiation agents may be classified

into two main categories that, in principle, areamflict. Thus, the negotiating agents may be

divided into two subsetgAgents = {SellerAgets} U {BuyerAgers}. TheBuyer Agent¢BA9

and theSeller Agent{SA9 are considered to be self-interested, aiming &ximise their
owners’ profit.

The purpose of this paper is twofold. First, to lekpa multi-round negotiation
mechanism, which demonstrates inherent computdtaardhcommunication advantages over
single step mechanisms in such complex framewo@aifzer and Sandholm, 2003). In
essence, the agents hold private information, whiely be revealed incrementally, only on
an as-needed basis. This is often the case wherdifodosure of information is not
acceptable, possible, or desired by the partieslved in the transaction (e.g., the Buyer is
not willing to reveal the maximum price to pay #®rspecific service to a Seller in fear of
first-degree price discrimination with the Sellenfairly) capturing the whole surplus in the
market). The negotiation environment considerece®wmulti-issue contracts and multi-party
situations, while being a highly dynamic one, ie $ense that its variables, attributes and
objectives may change over time. Second, to proardefficient negotiation strategy, for the
case where the negotiators face strict deadlinbghwis in most cases private information
(Vulkan, 1999), and assist agents to reach to iafaetiory agreement within the specified
time-limits.

The rest of the paper is structured as followsSéwtion2, the negotiation protocol and
model adopted are presented. A simple contractimgnkechanism is employed instead of

the usual alternating sequential offers patternjlevthe concept of decision issues is

! http://www.orbix.com




introduced. Section 3 presents the designed negotiation strategy, whiemonstrates
exceptional efficiency in cases where the Buyeroisable to provide all his/her requirements
in a completely quantified way, while being capable selecting the contract that best
satisfies his/her needs. Bection 4 a set of results demonstrating the efficiencythaf
proposed framework is provided, while a comparisith other frameworks is given. Finally,

in Sectionb, conclusions are drawn and directions for futdemp are presented.

2. NEGOTIATION PROTOCOL & MODEL

In order to create a successful negotiation framkwthe design of an appropriate
protocol that will govern the interactions betweabe negotiation participants is necessary.
Depending on the specific negotiation problem tiesds to be solved, a protocol is the set of
rules that correspondingly constrain the propodiadd the negotiation parties are able to
make. In this section, after briefly reviewing diig negotiation protocols, we discuss on a
protocol based on a ranking mechanism on the Bsiygde, which is adopted in the context
of this study.

Subsequently, an efficient dynamic negotiation nhasigoresented, based on the multi-
issue value scoring system introduced by Raiffaifff8al982), in the context of bilateral
negotiations. Our aim is to extend this framewortoia multi-party, multi-issue, dynamic
model. Based on the designed negotiation protdkel,proposed model is exploited by the
Seller to create subsequent contracts, and by tiyerBo evaluate the contracts offered. In
subsection 2.,1an overview of the related research work is gtesj while insubsection 2.2
the designed negotiation protocol and model arsgmied.

21 Related work

Mechanism design involves the design of protoomisgbverning multi-agent interactions,
such that these protocols have certain desiraldpepties (Rosenschein and Zlotkin, 1994;
Sandholm, 1999): computational efficiency, commatian efficiency, individual rationality,
distribution of computation, maximization of socialelfare. It is difficult to design a
negotiation protocol that clearly demonstratestal qualities aforementioned. Nevertheless,
these properties can be used as a reference paufitad an ideal protocol should offer to the
negotiation parties.

In (Jennings et al., 2001) a generic frameworkafsiomated negotiation is presented. The
simplest protocol, which minimises the complexitly the rationale behind the decision
models of the agents, specifies that the agentsonbnaccept or reject others’ proposals.
Nevertheless, in complex cases where multiple ssuwe considered, this convention may
lead to a very time-consuming and inefficient pss;esince the agents have no means to
verify why the specific proposal is unacceptable, towards which direction of the

negotiation space they should move. Hence, theogrps essentially offering contracts on



the basis of his beliefs as to what the other pamtfers. In order to improve on the efficiency
of the negotiation process, the responding ageatldhbe able to transmit to the offer
generating party some feedback on the proposatéives. One possible form this feedback
may take isritique, which is a list of comments on elements of theppsal the agent likes

or dislikes. A specificritique may suggest constraints on particular negotiaienés (e.g., |

am willing to pay for the specific service requestg to P, ), or may indicate the specific

issues of the proposal that are violating the partgnstraints constituting thus the offer
unacceptable (e.g., the quality of the servicenis, fbut the price is too high). The feedback
sent by the recipient of a proposal to the offeregating party may take the form o€aunter
proposal It is an alternative proposal more favorabletdsender, generated in response to an
offer, thus increasing the probability of an agreatnCounter proposals may change parts of
the proposal (i.e., the value of some of the issieder negotiation), or extend the initial
proposal (i.e., introduce new issues to be consijelCounter proposals differ from critiques
in the sense that the feedback the proposer reciess explicit. The initial proposer has to
consider the counter proposal and infer the othely{s preferences/constraints from the way
it is re-composed. However, the counter proposaisrse often enables the initial proposer to
identify the contract space of the counter party.

The aforementioned protocol types may be extendextder for the parties to be able to
justify to their opponent a particular position yhhave employed in the context of a
negotiation (e.g., the delivery date of a particglar could not be earlier as the car Seller is
out of stock), or even try to persuade them to ghaheir negotiation attitude (e.g., the car
Seller provides a radio CD gift in order to make/her offer more attractive or to convince
the Buyer that a specific feature of the car pregigs more important than the one which
currently constitutes the offer unacceptable fer Buyer). Thus, the ability to provide some
form of additional information (justification for @egotiation attitude, arguments for a
specific position, etc) may lead to the establishimgd agreements in a more time-efficient
manner. There is a wide range of argument typesdigetiating parties may adopt (Karlins
and Abelson, 1970; Kraous et al., 1998). Commorgmtes includethreats (failure to
accept this proposal would result to negative cguseces)rewards (if you accept the
proposal you will receive a positive payoff), aqabeals(this option should be preferred over
the alternative one for some reason). In genefd, role of the argumentation based
negotiation is either to modify the recipient’s egtable contract region or its evaluation
function.

Concerning the negotiation models, extensive rebedras been performed in the
economics (mainly in game theory) and in the aitifiintelligence (Al) fields. Considering

non-cooperative game theory, multi-issue negotiatiare not tractable, as relevant problems



are mainly addressed by their decomposition intadsby-issue negotiations (Raiffa, 1982;
Bac and Raff, 1996; Fershtman, 2000; RubinsteiBp1®onsati and Sakovics, 1998; Busch
and Horstmann, 2002; Chen, 2002; In and Serran4)20 The relevant negotiation
procedures can be separate, simultaneous or sejuémderst, 2000; Gerding et al., 2000).
In the context of cooperative game theory (Heiskaeeal., 2001; Heiskanen, 1999; Kalai,
1977; Ponsati and Watson, 1997; Myerson, 1981;ratitat al., 2001; Peters, 1986; Raith,
2000), researchers have laid focus on the desigmethods that lead to Pareto-optimal
solutions by assuming that agents cooperate andsake multi-criteria-decision-making
problems. Several Al research groups have studieli-issue negotiations carried out by
autonomous agents (Faratin et al., 1998; Kraus Laidnann, 1995; Fatima et al., 2002;
Fatima et al., 2004; Luo et al., 2003; Li and Tesak003; Sykara, 1989; Sykara, 1990).
Usually they aim at designing automated multi-isswegotiation models and tractable
negotiation strategies, while they often utiliseitigtic or learning methods in this respect. In
a nutshell, three main research directions canisisguished in economics and Al domains
that deal with multi-issue negotiations: issue-sdie negotiations, cooperative multi-issue
negotiation, and multi-issue negotiation basedeauristics.

One of the most well-known approaches adequatenfolti-issue negotiations was
proposed by Raiffa (Raiffa, 1982). In his negotiatiramework, win-win situations can be
achieved, as one party’s gain increase does natseagly lead to increases on another
party’s losses. Additionally, Raiffa has addressadous aspects of multi-issue negotiations
such as: utility functions, negotiation agendaadeoffs, strategic misrepresentations, etc.
However, it has been argued in the literature (gJgaratin et al., 1998)) that Raiffa’s
framework is based on several implicit assumptibias, even though they may lead to good
optimisation results, they are inappropriate fa tieeds of the e-marketplace. Such issues are
the following: (i) privacy of information for theegotiators is not supported, (ii) the utility
function models must be disclosed, (iii) the vahagions for the contract issues for both
parties must be identified in advance, (iv) theyggdrameters that determine the utility of the

contracts for the negotiators are the values ofsthiges under negotiation.

2.2 The proposed negotiation protocol & model
In related research literature, the interactionsragrthe parties follow mostly the rules of

an alternating sequential protocol in which theragi¢ake turns to make offers and counter
offers (Rubinstein, 1982). This model however nsitates an advanced reasoning
component on behalf of tH2A as well as th&A In this study, we initially tackle a simpler
case wherdA does not give a counter offer (which involves mpayating to the model all
BA's trade-offs between the various attributes) to $iebut instead ranks th8A'’s offers.

This ranking is then provided to ti8A in order to sequentially generate a hopefullydret



proposal (move to a different region of the contrggace) and find a mutually acceptable
contract. This process continues until a mutuadigeptable contract is reached. This is more
efficient in cases where thA is not able to extract all user requirements aefbpences in a
completely quantified way, while being capable @festing, classifying or rating the
contract(s) proposed.

Essentially, the ranking of the proposals is a fofra critique, without however providing
other information about parts of the contractsreffie In this sense, the ranking concept, even
though requiring limited resources on behalf of B may lead to an extensive negotiation
phase as no other explicit information about spegifeferences or constraints will be
provided to theSA The ranking concept adopted in this paper isdveed fromConjoint
Analysis(Crane, 1991), a quite popular marketing tool iftentifying and marketing new
product features, relieving the consumer of speuifyhese features explicitly.

The protocol adopted in the context of this study be described as follows. Once the
agents have determined the set of issues over wth&p will negotiate, the negotiation
process consists of an alternate succession ofambriproposals on behalf of tf#A and
subsequent ranking of them by tB& according to its preferences and current condition
Thus, at each round, tI#Asends to th8A N contracts (i.e.N packets consisting on-
plets of values of the contract issues), which are subsequently evaluayeitieBA and a
rank vector is returned to tI8A This process continues until a contract propdigetheSAis
accepted by thBA or one of the agents terminates the negotiatian, (i€ the time deadline is
reached without an agreement being in place). Eivengh negotiation can be initiated by
SAsor BAs only theSAspropose concrete contracts, as there is no cooffesr generation
mechanism for th&As In this paper, we consider the case where thetiaipn process is
initiated by theBA who sends to th8Aan initial Request for ProposdRFP) specifying the
types and nature of the contract issues and theesalf all non negotiable parameters. The
main issue is assumed to be the price of the gendés under negotiation, while various
other issues may be considered as well.

Concerning the negotiation model, theuilti Attribute Utility Theory(MAUT) has been
considered (Keeney and Raiffa, 1993), which hasvedao one of the most important topics
in multiple criteria decision making (Pardalos &t 4995; Figueira et al., 2005; Brugha,
2004) and has many applications in complex realdvproblems MAUT aims to represent
and model the decision maker’s preferences thraugfility functionu(g) aggregating all the
evaluation attributes, whergis the vector of the evaluation attributps @, ...g. When the
decision problem is deterministic, the problem labasing the best alternative is reduced to
the problem of assigning a value functigg,, &, ...q) over the evaluation criteria. The
optimal alternative is then the one that has thgekt value as determined by the value

function. Considering a set of mutually independargluation attributes, the value for the set



can be found by summing the value of each evaluaditribute (linear additive model),
which is perhaps the simplest approach to valueetfing. For many situations a linear value
model is adequate. In others it is often a goast fipproximation to further refine or use for
sensitivity analysis. However, for some situaticensnultiplicative value function or a Cobb-
Douglas function may be more appropriate. In (K&@Q3) the additive utility function is
extended in order to cover multiple simultaneousesfor an attribute under negotiation.

The proposed dynamic negotiation model is basetti@multi-issue value scoring system
introduced by Raiffa (Raiffa, 1982) and used tddai model for bilateral negotiations about
a set of quantitative variables. As already memiihnin Raiffa’s approach, the only
parameters that determine the utility of the cant&rdor the negotiators are the values of the
issues under negotiation. Nevertheless, theresarally several issues, that even though their
values are not under negotiation and they are medtided in the contract parameters, they
affect the evaluation of the values of the contigsties. Without being exhaustive, such
issues may consist of: the number of competitor paomes, the number of substitute or
complementary products/services, the quantity aidpct in stock, the number of current
potential buyers, the reputation/reliability of baeller/Buyer, the time until the negotiation
deadline expires, the resources availability arstrictions, etc. We will refer to these issues
as decision issuegDIs). The values of th®Is may change overtime, depending on the e-
marketplace conditions and on the Seller's and Bsiystate. TheDIs do not only affect the
evaluation of the contracts, but they also havangract on the generation of subsequent
offers. At this point it should be noted thats’ values do not necessarily depend on the
actions of the negotiating party they affect, whiiley may affect one or both negotiators. The
values of théls should have a strong and direct influence on gf@biour of the negotiating
agents, which should be able to evaluate the yutdit the contracts under the current
circumstances in the e-marketplace and act acaiydin

From the above analysis, it is clear that optin@lutons cannot be found in the e-
commerce domains, as computational and communicatgources usually impose non-zero
negotiation duration, and time-varying issues magnge the negotiation conditions for both
parties. Thus, we propose a dynamic model for agegbtiation that can be exploited by
strategies in order to construct contracts accéptéd the opponent parties but which,
nevertheless, maximise the agent’s own utility fiorc

The agents that represe@ellerswill be denoted byS={S,S,,..; and the ones that

represent potentiaBuyerswill be denoted byB:{Bl,BZ,...}. For presentation simplicity

reasons, we will in the following analysis confinar description to the relevant bilateral
negotiation problem. However, our proposed framéwuoay readily be extended to multi —

party situations consideririg x M independent negotiation threads, under the assomihtat



there are no further strategic interactions betweenBuyers or the Sellers. In essence, this
means that neither the Seller, nor the Buyer chahge strategies in the context of a
negotiation, taking into account possible interragsli outcomes from the rest of the
negotiation contexts at which they may be involvéte DIs values, however, may be
affected by the dynamically changing e-market plegaditions. For example, an increased
number of negotiating Buyers (potential customés}he same product may result to a high
— priced Seller's offer, or on the other hand, assg increased Seller competition, the
Sellers could limit their marginal profit in ord&r succeed in establishing an agreement with
the Buyer, etc.

Our analysis draws heavily from Roussaki and Ld@@03). Leta(ae Su B) represent
the negotiating agents of the two parties b(ril(t {:Ln}) the issues under negotiation, i.e.,
the issues, the values of which are included inpileposed contracts. The number of these
issues in real world negotiations is always finitet c, e[ma,Mia] be a value for the
contract issud acceptable by agerdt. It should be mentioned here that we only consider
issues the values of which lie within a delimiteshge defined by each contract proposing
agent. LetC, = {ckl,...,ckn}2 denote a contract, or in other words a selectforalues for all
the contract issues, that is a value in the muthethsional space defined by thme issues’

value ranges. For the values of s we will use the following notationd,, j=1...m. We

may now introduce the utility function of the prged framework as follows. Let

ut: [ma,Mia]—>[o;L] denote the utility that agerat assigns to a value of contract issué
the range of its acceptable values. €tbe the importance of issuefor agenta. Moreover

U?(c) is assumed to be continuous and monotonic. Thghtsei® are determined based

on the preferences, priorities and objectives efphrty represented by agemt That is, in

case the negotiator values more contract issuthan contract issug, then it should stand

that: W >W;. We assume the weights of all agents are nornthliseadd up to 1, i.e.,

n
Zwiazl. Using the above notation, the agents utility function for a contract
i=1

C, ={cq...C,} can be defined as foIIowsUa(ck)zzn:\,viauia(cki,d;:tk), where di™,
i=1

j=1...m, is the value of decision issuk at the timet, , when contracC, is proposed.

In the context of this study, the Buyer’'s/Sellentdlity function for a contract considers a

linear additive model incorporating the utilitiekaach contract issue that is involved in the



negotiation. In essence, we assume that the vargsues are substitutes, e.g. price and
quality. Linearity can also be a result of assumiisl neutral agents. (Keeney and Raiffa,
1993).

However, it should be noted that the utility functiof each individual contract issue may
be of any continuous and monotonic functional foeither concave or convex, (e.g., linear,
polynomial, exponential, multiplicative, quasi-lare etc) of the contract issue value and the
decision issue value at the time the contract ap@sed, without affecting the basic ideas of
our proposed negotiation model and strategies.

In order for the utility function of any contracsuei for any negotiator to lie within the

range[O;L], the value of issué must lie within the range of its acceptable valdes ensure
this, we introduce the notion ghlue constraintsthat is expressed as followsy <c <M?.

In case thesalue constraintsold for all contract issues, the utility functioan be used to
measure the satisfaction of a negotiator as fathasproposed contract is concerned.
Nevertheless, often, the value constraints are met for some contract issues, thus
constituting the contract completely unacceptatdgardless of the utility level. In this case,
there is not much value in using the above spetifiéility function to measure the
satisfaction degree of this negotiator, as theraohts completely unacceptable. In that sense,
agents exhibit lexicographic preferences. Thusmag introduce aalue constraint validity

vector VCV* =VCV?|, i=1...n, where VCV® < {01}, depending on whether the value
constraint for negotiating parta is met for contract issue (i.e., VCV* =1) or not (i.e.,
VCV? =0). In order to refer to the case where the mere poesenabsence of a particular

feature is required by a negotiator, we could aolldéan constraints to our model. However,
as they can be reduced to value constraints, tiiegat be further analysed

In principle, SAsandBAs present conflicting interests in the values of ¢batract issues.
Thus, the utility functions must verify that givenSeller agentS and a Buyer agenB

negotiating the value for contract issugthen: [a(uf)/aci]-[a(UiB)/aci]< 0, i.e., under the

same conditions, in case higher values of contssctei result in higher (lower) utility for
the SAat the same time they result in lower (higher)itytiior the BA. Nevertheless, it must
be mentioned that there are cases wher&#fmandBAsmay have a mutual interest for the
value of a contract issue (Raiffa, 1982).

As already mentioned, thRA ranks the contracts proposed by 8% For the simplest
ranking function, the ranks that may be assignedrtg contract proposed are boolean

variables, i.e., one instance of the @tceplreject}. In a more sophisticated approach, the

C,; represents the value of the contract isstdier the k contract.

10



ranks lie within a ranggm ,M, ], where any contract rated with less than is not
acceptable by thBA, while, when a contract is rated wiM  , then the proposed by ti8A

contract is accepted by tiBA. The second formulation of the ranking functionga (which

is adopted in this version of the study) is moexithle than the simple@acceptreject} rating

system, as it highly contributes to reducing theatian of the negotiation procedure. In order
to signal the case where at least one value camsiganot met for the BA for a certain
contract, we introduce another parameter caltettract value constraints validitpat will be

denoted by CvC\® for contract C, and is given by the following equation:

CvCV? =HVCV|<? . Based on the previous analysis, in caseallie constraint@are met for
i=1

contractC,, it stands thaCVC\{ =1. On the other hand, in case at least\alae constraint
is not valid for contractC, , it stands thatCVC\{* =0, and then the particular contract is

definitely rejected.

In order to introduce the time parameter in ouratiagion model, we represent by

P' = {C;C:“} the vector of theN >1 contracts proposed by the Seller agénto the
Buyer agentB at timet, by C, = {cfdcin} the vector of then contract issues values

proposed byS to B at timet for the k -contract of this proposak(=1,...,N ), and byc;,
(i =1...,n) the value for issué proposed byS to B at timet for the k -contract of this

proposal. Let nowR' = {rltr,ﬂ} be the vector of ranking values tHat assigns at timé to

the previous contracts proposal made®yandr, (k=1,...,N) be the rank thaB assigns
at time t to the k-contract of this proposal. The range of valueseptable to agent
ae {S, B} for issuei will be represented as the inter\[ma, Mia].

A contract package proposal is acceptedBywhen at least one contract is rated with
M. , while the negotiation terminates either in céseagent(s) deadline is reached or in case
a boolean variable expressing the wish of the agenguit the negotiation is set to true. The

wish of S to quit (continue) the negotiation at tirte will be expressed byQg =1
(Qs = 0), while the wish ofB to quit (continue) the negotiation at tirhewill be expressed

by Qs =1 (Q; =0). If an agreement is finally reached we call tlegatiation successful,

while in case one of the negotiating parties quits., its deadline expired) it is called
unsuccessful. In any other case, we say that thetia¢ion thread is active.
In the analysis above, we have addressed the dageaatitative contract issues. The

proposed model can easily be extended for qualtatontract issues. Hereafter, an example

11



of such an extension is provided. L@te {c*} be a value set for the qualitative contract issue
i acceptable by ager, wherec* can be an integer, real number, string, booletan Each
agent has a utility functiob) 2 : {cix}—> [0,1], which provides the utility that ageat assigns
to a value of contract issuein the range of its acceptable value set. Notied the agent’s

utility function for a contractC, :{ckl,...,ckn} can be expressed by the same equation as

before, i.eU?(C, )= Zn: wU?(c,).

i=1

In (Roussaki et al., 2004a) the proposed modelapatied to a simple test case involving
two parties and two contract issues, via which lWestrated the fact that the utility of
different contracts and the resulting contractgmafice hierarchy for the two negotiators, may
highly depend not only on the values of the contrssues, but also on the values of the
decision issues that are not under negotiationjewthieir values do not depend —at least
directly— on the actions of the two parties. Thenasaconclusion is reached for multilateral
negotiation situations, based on some more comptictest cases (Roussaki and Louta,
2003).

3. THE PROPOSED NEGOTIATION STRATEGY

Hereafter, our focus is laid on the rationale @St since its adopted strategy will define
the outcome of the negotiation, while rather sifigdi assumptions regardiBA’s logic are
subsequently made. We consider that a negotiaissuccessful, if a mutually acceptable
contract is reached within reasonable time. Sintexhaustive exploration of the possible
contract space may form a computationally intentagé for theSA it should be able to infer
the acceptable contract space forBaeuntil a predefined deadline. To be more spec8iks
hereafter will be provided with a mechanism enaplihem to find good (near optimal)
solutions in reasonable time, by means of compartally efficient algorithms. The rest of
this section is structured as follows. dnbsection 3.1he negotiation problem is formally
described and isubsection 3.2he focal assumptions, on which the negotiatioatatyy is
built, are provided. Isubsection 3.8he ranking mechanism of the Buyer is presentédilew
in subsection 3.4he contract generation mechanism of the Sellérasoughly described.

3.1 Negotiation Problem Description
The objective of our problem is to find a contrd@f, ., ={Ca»Cosinarr++-Criinar  that

maximises theSA’soverall utility functionU®(C,,,,), i.e., theSA'ssatisfaction stemming

from the proposed contract. The constraints of mablem are the following. First, each

contract issud (i =1,...,n) should lie within the acceptable value rangeshioth theBA

and theSA i.e., no value constraint violation should exist both parties. Second, the
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constraint regarding thBA’s (SA’9 utility reservation value should be preservederEfore,

the totalBA’s (SA’9 utility for a proposed contract should not liddve a predefined value

U2 .o (US ) representing the minimum satisfaction that magkeerienced by thBA

min Acc

B
min Acc

(SA in order for an agreement to be reached. ThesctimditionsU ®(C,. ) >U and

US(C,y) 2US should hold. Finally, the constraint regarding 8#¢sdeadline should

min Acc

be preserved. Therefore, an agreement witlBthenay be reached only tf <T , whereT

denotes th&A’sdeadline and, the time of negotiation rounid during which contrac€

final

is proposed.

Thus, based on the selected protocol and the pedposdel, designing a negotiation strategy
can be reduced to a decision problem that can fbyrina stated as follows:

Given

® two negotiating parties: aBAthat may provide a specific good (i.e., service or

product) and 8Athat is interested in this good’s acquisition,

(i) n contract issues (indexi =1,...,n) defined by the negotiators and the
acceptable for thSAranges[mS, M is] within which their values must lie,
(iii) m decision issues and their current valniqs j=1....m,

(iv) a deadlineT up to which theSAmust have completed the negotiation with the
BA,

(v)  the vectorP" = {Clt' CL‘} of the N contractsC,' = {Cﬂl,...,cﬂn} (k=1,...,N)
proposed by th&Ato theBA during the previous rounb,

(vi)  the vectorR" = {rlt' ool } of the ranking values,' (k =1,...,N) that theBA
assigns to the previously made by tBA contract proposal at the negotiation
round!, and

(vii)  the value constraint validity vect®C\V,®> = {\/C\/k?} (i=1,...,n) for at least one
of the contracts proposed,

find the vector P+ :{Clt'“,...,C;'l“} of the N contracts C,'* ={t'1”,..., t'“}

n

(k=1...,N) that should be proposed by tB& to the BA in the next round +1, in

order to eventually reach to an acceptable (neéimaf) agreement between the two

parties, while thesAaims to maximise its individual utility of the @&gd contract under

the SA’s constraints, i.e.) = (= 1=1...,n), +1) > an
h ints, 1..VCV® = V/CV2}=1 (i =1...,n), US(CI*) 2 U3, ., and

min Acc

t, <T, and subject to the existent resource and compngdimitations.
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In general, there may be a significant amount ofifmatations associated with the optimal
solution of the negotiation problem presented abdaxhaustive search (i.e., algorithms
scanning the entire contract space) should be aedwnly in case the solution space is not
prohibitively large. The cost of the respectiveusions is evaluated and finally, the best
solution is maintained. The complexity of the négg@in problem is increased with regards to
the number of the contract issues involved andréinge of their acceptable values. In this
respect, the design of computationally efficiegoaithms (e.g., simulated annealing (Aarts
and Korts, 1989), tabu search, genetic or greeggrighms, hybrid or heuristic techniques,
etc. (Papadimitriou and Steiglitz, 1982)) that npaigvide good (near-optimal) solutions in
reasonable time is required. Thus, tB& should be capable of selecting distinct contract
points from the acceptable contract space in dadezach to an agreement with & within
the predefined time limits.

3.2 General Negotiation Strategy Elements on the Seller Side

The proposed negotiation strategy is designed basdtie following focal assumptions.
First, theSAand theBA will reach to an agreement, only if a contractasnd, where the
contract issues values lie within the acceptabidgea of both negotiating parties, while their

individual utilities are above a minimum acceptatbieeshold. Second, it is assumed that the

values of all decision issues are invariable andhep d*° = {d :"} for the maximum possible

durationT of the negotiation procedure between 8#feand the specifi@A, wheret, is the

initiation time of the specific negotiation threddird, the computational and communication
capabilities of the two negotiating agents, as wslltheir locations in the communication

network, are assumed to lead to an almost condtaation of each negotiation round. Thus,

it is assumed that quantity,, —t, is constantvl and that th&SAis aware of its value. Thus,

the maximum number of rounds within which ®&is authorised to complete the negotiation

with theBAis: L = INT( T j

41~ t|

As already presented in the negotiation protocalyais, we consider the case where the
negotiation process is initiated by tB& who sends to thBAanRFP specifying the types of
the contract issues and the values of all non eget parameters. Alternatively, tiF-P
may comprise a complete specification of the servaguested (i.e., values assigned ror
contract issues)SA could exploit this additional information by depieg learning from
experience techniques in order to infer the bourfdthe mutually non violating contract
space ¢ontract intersection regignin a quicker manner. This alternate approach is

considered to be a standalone issue, which hasdmsiessed in (Louta et al., 2005). Based

on thisRFP, the SAproposes an initial contra@" = {cf) Cff} to theBAatt =t,, setting
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ous(c,,d®
all contract issues at the values that maximiseSies utility (i.e., if u@%ﬂ >0
C.

ous(c,.d"
then theSAsetsc® = M °, while in case l (8 = )J <0, then theSAsetsc® = m®).
C

The utility of the initial contracC" for the SAwill be denoted byl S(C‘O ,d® ): U3h as

max ?

U 3% is the maximum utility that can be achieved fa 84 given the values of the decision

max
issuesd © = {d }0} attimet =t,.
The general idea of the proposed approaches isathabntractsCli' (k=1...n) of a

negotiation round are generated by the same “source” contract thidbevhereafter denoted

as Cf)' . All contracts of the same round are generatethabthey present equal utilities for

the SA given the values of the decision issu_ét% at the beginning of the negotiation, i.e.,
U S(C,iI ,gt°)=u S(c;'.,g%), vk,k'e {L,...,n}, VI =1,...,L. If an agreement is not reached

until round | —1, then at the next rount, the SAwill make a compromise (concession),

4 _

reducing its utility by a certain quantit9" =U S(Cli'*l,gt" )—U S(C,t(' ,d® ) This quantity

®" can be time dependent, it can be resource depe(feamatin et al., 1998), depending on
the current values of the decision issues followin@oulware (Raiffa, 1982), Conceder
(Pruitt, 1981) or Linear scheme, it may be basedotative behaviour of th&A (Axelrod,
1984; Axelrod, 1997), depending on the utility coomise of theBA, etc. As only the results

and not the formulation of the designed negotiastrategy depend on the exact value of
®", without loss of generality, we may assume ti@&t is constant, i.e.®" =",
vl =1,...,L. However, this assumption may be drawn and themeter ®" can be

determined by thé&A taking into account the specific constraints andditions of the e-
market that influence its decision issues valuesach negotiation round. This issue will be

considered in a future version of this study. Hiezaaccording to the previous analysis, we

have the following: U S(C‘° ,gt°)=u St and U S(Cf(L ,g‘°)=u >

max min Acc*

Using these two

St s
U max U min Acc

equations we may define quanti®®° as follows:®" = . This means that at

each negotiation round, all contracts proposedhieySA will presentSA utility reduced by

St s
U max U min Acc

, with regards to the contracts of the previousotiagon round.

15



As already mentioned, contra€@® for which it standsU S(Ct‘),gt‘))=U Sh s the

max
“source” contract of the first complete negotiatimund ( = 0), i.e., C¢ =C®. The core
concept of the proposediA’sstrategy is to proposBl contracts at each negotiation round

which yield the same utility concessi@" with respect to the source contrﬁ;@ . Thus, the
utility of the contracts proposed is equal td>S(C|t(' ,d® ): U S(Cf)' ,d® )—®t° , while
U S(C,i'*1 ,d® )= U S(Cf)' ,d® ) vk =1,...,n. According to the previous analysis, we have the

following: U‘Q'(Ct",gtO):US'to and US(C,},QIO):US It is noted that in case an

max min Acc*

agreement betweeBA and SAis feasible (that is there exist at least one rannth(' for

andUB(CY)>U?

min Acc

which it standsU $(C! )2 U

min Acc

), our approach will succeed in

reaching within the negotiation thread upon an ement due to the assumption that as its

S
min Acc*

deadline approaches, the Seller concedes upresiisvation valué)
As already described isubsection 2.,2the SA provides theBA with a contract proposal

PY = {Cf .o, C } at each negotiation rourld TheBA in return, sends to tf@Athe ranking

vector R = {rlt' rrfl} for the respective contract package proposal,galeith thevalue

constraint validity vectoVCV®B = {\/C\/iB'tI } i=1...,n, for at least one contract of the
round, where/CV®" e {01}, depending on whether the value constraint oBiAés met for

contract issué (i.e., VCV®" =1) or not (i.e.VCV,>" = 0) for this contract.

3.3 TheRanking Mechanism of the Buyer
The strategy proposed in this paper considersdbe where thBA returns to thesAan

identification sign of the Best contrac¢t comprised in the contract package proposal
P = {Clt' C‘N'} in the context of each negotiation rouhdin essence, thBA in such a

case may only identify the contract that betteisBat his/her needs, requirements and
constraints and not provide a specific rank as asone of his/her satisfaction stemming from

the proposed contracts. Therefore, B#€s rationale may be quite simple, but BA'stask is

still quite difficult due to the limited informatio provided. The best contraﬁ;' at each
negotiation round is identified by a rank signaBC (i.e., R" = {O} ., BC ... 0}, }),

whereas in case a contraéj‘.,ﬁI is accepted to form the final agreement between th
negotiating parties the specific rank providechatrespective contract position of the ranking

vector R" is set equal to 1 (i.eR" = {O} R N0 ) }). At this point it should be noted that

in case all contracts proposed present a valuereamtsviolation (i.e., if forcﬂi, i=1...,n,
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vk=1...,,N, it stands thal\/CVkB"' =0), the ranks comprised in the ranking veciet

returned to th&Aare set equal to O (i.er,' =0, Vk=1,...,N).

3.4 The Contract Generation Mechanism of the Seller
The basis for the proposed negotiation strategytiferSeller is thoroughly described in

subsection 3.2As already mentioned, contra€t® for which it standgJ S(Cto ,gto ):U Sty

max

is the “source” contract of the first complete riggiion round ( = 0), i.e. C} =C". With

respect to this initial contrac€® two distinct cases may be identified. First, vadue
constraint violationexists and the contra@" is ranked by th&A with a rank signalBC
(i.e., ro = BC). Secondyalue constraint violatioroccurs, in which case® =0, and the

BA provides also itsalue constraint validity vectovCV ™" . In case the initial contrad®®
presents avalue constraint violationthe SA as a first step, tries to acquire a contract that

respect8A’s value constraints. We will refer to this stemagotiation phase, Iduring which
until a non value constraint violating contra@" is acquired (thusr" #0), at each
negotiation round > 1 only one new contract is generated on the basiseotontractC"+
proposed at negotiation rourld-1 (which in essence forms the source contlﬁgt, ie.,
Cg = C"*), reducingSA’stility by quantity ®" .

In the context ohegotiation phase, la hew contract is generated based on the contract
C'+ proposed at negotiation rourld-1, which in principle has all contract issues values

equal to the ones of contra@"*, except from the value(s()it'*l of contract issue(s), for

Bit1

which a constraint violation has occurre¥QV, =0). For example, in case contract

issuek of contractC"* violates the value constraints, the new contrasp@sal would be

c' 2{031,...,03(,(71),0'3,( ,Cg(kﬂ),...,cgn}. The value(s) of contract issue(®), c', , are

selected so that the utility of contractC" for the SA is equal to:
U S(Ct' ,d® ):U $(C'+,d®)—-@®". In order to reach to a non violating contracthivita

reasonable number of negotiation rounds, it is mssuthat the concession quanti®/)° is

shared equally amongst the contract issues whdse \s&anot acceptable to tiB\ The exact

values of contract issues are determined in acocedawith the following: C'f,:

U S(cf)'i ,g%)—u S(c‘gi ,g‘o): |:iVC\/kB’t' T_@to .
p} we
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This process continues until a non value constraatating contractC" is acquired (i.e.,

r' = 0), while at this point theSA’s strategy is modified in order to acquire a mutuall

acceptable contract within reasonable time. Spedii, this contract becomes the “source
contract for the next negotiation round, during ebhiheSA provides theBA with a contract
package proposal comprisiny =n contracts. The negotiation round upon which thst fi

negotiation phase ends (hence, the strategy @ehter is modified) will be hereafter denoted

as nry. It is noted that in any negotiation routd- nr,, due to the specific approach
adopted (i.e., sequential utility concession byniiya ®), no contract proposed may

present any value constraint violation.

Moving now tonegotiation phase llconcerning the generation process of the “source”
contract C! of a negotiation round > nr_, the current version of this study considers the
simplest possible assumption, that is thest contractproposed to the BA at the negotiation

round | —1, as determined by the ranking vecfdr returned to the SA, forms the “source”

contract for negotiation rountl. Alternatively, for the specification of the soercontract
Cf)' , the SA could employ exploration techniques. Tis #nd, several approaches could be

found in the literature, e.g., the Boltzmann exalimn strategy (Kaelbling et al., 1996;
Kapetanakis and Kudenko, 2002).

Up to this point, we have not yet presented the wsy N =n contracts of any
negotiation round > nr, are generated by the round’s “source” contﬁ@tt As a first step,

the contract generation mechanism may consideretiéocation of the utility concession of
each round to each one of the contract issues demesi in the negotiation process. As a

second step, we modified the contract generatiocham@sm based on the idea that in any
CE” the SAat each negotiation rourld+ 1 may in principle concede mostly with respect to

the contract issue which have been on the previegstiation round preferred by théA,
while through the modification of one additionaht@ct issue up to a certain amount 8#e

infers the direction towards which should moveiides to reach to an agreement with B

Considering the first negotiation rourldof negotiation phase I{i.e., | = nr +1), the
SAproposesn contracts, which will in principle have all conttdssues values equal to the

ones of the “source” contra@é‘ , except from the valu@:ﬂk of contract issud =K, i.e.,
C, :{cgl,...,cg(kfl),CL‘k,cg(kﬂ),...,cgn}. The valuec;, is selected so that the utility of

contractC;' for theSAis equal toU S(Cli' ,d® )=U S(C(t)' ,d® )— ©®" . Subsequently, th8A

explores what is the impact of the value concessiaach one of the contract issues. BAe
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may observe that for thebést contract Cfg indicated by theBA, the sameSA utility
reduction®“ due to adjustments on the valobK of contract issue = k , is valued higher
by theBA. On the other hand, in case any cont@é&t is not indicated as théést contract

on negotiation round (where all Seller utility reductio®®“ is due to adjustments on the
value c;, of contract issuei = k), this indicates that contract issie=k is not very
important for theBA. Thus, in the context of the next negotiation hutihe SA exploits the
“pest contract as indicated by th8A in the R" vector, which forms the “source” contract
for the next round. Thus, in case this contradEjs (i.e., C; = C;"), it does “worth” it for
the SAto propose during the next negotiation rodnell a contract package proposal, whose
main characteristic is that a high percentage eftthal Seller utility reductio®® is due to
adjustments on the valug, = c;* of contract issué =k .

We hereafter introduce with respect to each contissue i a variable calledutility
concession degre@enoted asicd(i), representing the percentage of the total Setibityu
reduction ®° due to the adjustment of the contract issuealue. It holdsucd(i) < [0]].

The n contracts constituting the contract package pralposnsidered in negotiation round

| +1 may be generated as follows. The first contractrésted by modifying only the value

cg,gl of k contract issue, whose adjustment on the previegotiation roundl was

preferred by th&A Thus, the Seller’s utility reductio®" is introduced only by adjusting

cg,gl in the source contract. The vallﬂég1 may be calculated by means of the following

to
equation cj;*: U S(ch,g‘O )—U S(CEQ1 de ): ucd(k)-®—s, where ucd(k) =1. The rest
Wk

n—1 contracts are generated by modifying at each aonthe valuex:f)'}1 of one more issue

j (J#K) in the source contract, up to a certain degred( j), while the utility concession
degreeucd(k) of the k contract issue is properly adjusted, so thatl(j) +ucd(k) =1.

This way, the impact of the combined Seller’s tytileduction with respect to both modified

contract issues is explored. The contracts whiehspecified in accordance with this concept
will be hereafter called “exploration” contracthefvaluesc,;* and Ctﬁ*l of contract issue&

and | respectively may be acquired by the aforementioregflation. It stands

that > w® -[U S(ci',d®) -U®(ci*,d")]=©" , which indicates that the Sellers utility

n
i=]k

of the n contracts of negotiation rourld+ 1 is less than the Seller’s utility of the negotati
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round | by the quantity®" , which is fully consistent with the presented aoh. For the
generation of then—1 “exploration” contractsucd(k) is set equal to 0.7, whileicd( j)
equals 0.3, as it is estimated that 30% is adedoatexploration purposes. Alternatively, a
more gradual modification of the utility concessidegrees could be considered, which is
effective in case the first partial derivativestbé Buyer’s utility functions are not steeply
altered by the changes introduced by the Selléngovalues of the respective contract issues
a°u"°(C,)
o°c,

is quite small). In such a case, the Seller tatkimsaccount the outcome of

(i.e.,

negotiation round —1, in conjunction to the results obtained on negiotiaround| so as to
determine the contract,* for the negotiation rounti+1.

In case théBA ranks higher the introduction of the modificatioihcontract issuej with
respect to the value adjustment of contract iskyeas a next step, the respective utility
concession degredascd(j) and ucd(k) are modified so that the relative preference ef th
BA for contract issug is introduced in the generation process of the negotiation round
| + 2. Specifically, considering the next negotiatiorurd contract generation, the utility
concession degree of contract issjieis increased, while the utility concession degoée
contract issuek is decreased as we consider that3Aeshould concede mostly with respect
to contract issug . Thus,ucd(j) is set equal to 0.7, while the rest 0.3 portiorhef utility
concession quantit®“ is at each contract assigned to each one of thieamb issuesn in a
manner similar to thegxploratiori policy introduced above.

According to the proposed approach, in case thdtieg value CL'k“ of a contract issue

k in contractC,;** ends up to lie outside the acceptable range dB#iehen ifc), <m> (or

i > M), the value selected is), =m? (or ¢, = M), while the remaining utility is

equally “distributed” among the rest of the contriasues that have not yet reached their limit
values.

In order to make the proposed contract generatiechamism more comprehensive to the
reader, inTable 1we present the logic underlying by means of a Eregample, considering

the case of three contract issues. In this tabéecontract generation process is studied in the
context ofnegotiation phase I(that is a non value constraint violating contr&&t (i.e.,
rt+0) has been acquired durimggotiation phase)l Considering the first negotiation
round | of negotiation phase I(i.e., | =nry +1), the SAproposesn = 3 contracts, which
will in principle have all contract issues valuasual to the ones of the “source” contract

C, =(c},cl,ch), except from the value of one contract issue gahecontract), so that each
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time the Seller may explore what is the impacth& value concession of each one of the
contract issues. As illustrated Trable 1 the Buyer indicategc! ,c', ,c}) as “best contract”
(that means that the Buyer values more the utilidgcession of the second contract issue),
which forms the source contract of the 1 negotiation round. Thereafter, the Seller proposes
again n =3 contracts. The first one considers the modificatid only the second contract
issue (cd(2) =1), whose modification has been preferred by theeBayring the previous
negotiation round. The other two contracts consilermodification of the second contract
issue (where ucd(2)=0.7) and one additional contract issueuc@(l)=03 or
ucd(3) = 0.3), so as to explore the impact of the combinede8sllutility reduction. As it
may be seen the “best contract” indicated by thgeBuat thel +1 negotiation round is
(ci*t,c'yt,c'yt), ucd(?2) =07, ucd(@) =03. Thus, the Buyer prefers the utility
concession of the third contract issue with respedhe utility concession of the second
contract issue. To this respect, the contract gdioer mechanism in thé+ 2 negotiation

round favors the utility concession of the thircdhizact issue, while for exploration purposes,

two of the three contracts consider a combinedyutitodification, as indicated ifiable 1

4., RESULTS

The results of this section aim to evaluate theppsed negotiation model and strategy
(including bothSA’scontract generation mechanism andBiAés ranking scheme) that could
be adopted in the overall e-marketplace frameworkdaching an agreement in the context
of a specific service request.

As a first step, the negotiation model and strateifjybe applied to an illustrative test case
in order to become comprehensive to the readea Bext step, the proposed strategy will be
compared to two alternate negotiation strategiesgded in the context of (Roussaki and
Louta, 2003). Concerning the implementation isswésour experiments, the whole
negotiation session has been implemented in Jawali(@, 1996). The OrbixWeb CORBA
compliant platformiwas used for the inter-component communicationtedeer, theBA and
the SAhave been implemented as intelligent, mobile ageased on the use of the Voyager
platfornd'.

The framework of the selected test case is brigdéigcribed subsequently. We consider a
Seller agentS and a Buyer agenB that negotiate over the purchase of a specifidymb

(e.g., a certain quantity of bottles of fresh jyicBwo negotiation issues exist for the two

3 http://www.orbix.com

4 http://www.objectspace.com
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negotiators: price and delivery date, i.e., thegger item required by the Seller to provide
the bottles requested and the time required fraamnbment when an agreement is reached

until the bottles of juice are delivered to the BuyAccording to the negotiation model

proposed, we may use the following notation:c, = price_value and

c, =delivery_date_value, wherei=12=n=2. As decision issue we consider the
time until the expiration date of the juice to h&rghased @,) which has an impact on the
utility function of the Buyer as well as of the el The acceptable value ranges for the two
contract issues for the two negotiating parties Er@ Mls]z [1020], [mf, MlB]: [818],
[mzs, M 25]: [212] and [mZB M ZB]z [110], while the possible value range for the decision
issue is:[mdl M dljz [0,40] (i.e., the time from the production date until thepiration date

of the product is equal tiM d, =40 days) . The weights for the contract issues wtilit

S,B} {s,B}

functions U{{Lz} in the overall utility functionU for the two negotiating parties are:

[Wf,wlB,W,f,Wf]:[ 08060204], where the weights are normalised, i.e.,
2 2
WiS :Z vviB =1. The Seller and the Buyer will reach to an agregpunly if a contract is
i=1 i=1
found, where the contract issues values lie witha acceptable ranges of both negotiating
parties, while their individual utilities are abogeminimum acceptable threshold. For the

presented test case we consider the following gafoe the minimum acceptable utility

values for the Seller and the Buyer, respectivily: , .= 038 andU 2, = 040 (i.e.,

for the final agreement contracCﬁna'={Cfl,...,cm}, the following must hold:

U3(Cyn )= 038 andU ®(C,,,, )= 040).

It is reasonable to assume that the Seller wouldevimore a purchase of a relatively old
product than the one of freshly produced bottledejuThat is because the product value
declines as the expiration datelY) approaches and the Seller seeks to reduce tluigiro
guantity in stock, in fear of being forced to sekt very low prices or even not selling it at

all. It is also assumed that t&® of the bottled juice to be purchased also affieettitility for
potential Buyers, as they might not be able torasell them shortly. Thus, i, is low (i.e.,

the ED of the product approaches) the value of the gtyaptirchased is low for the Buyer

and high for the Seller, while the Seller would mappreciate an early delivery date. Taking

the above analysis into consideration, we may mtaeltility of a contracC, for the issue

i as follows:
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Following the negotiation strategy proposed, weuas that att =t, the value of the

decision issue isdlto =30 (i.e., there are 30 days until the expiration dzt¢he product).

Thus, the utilities of the contract issues fortiie negotiators can be expressed as follows:

(i) US = 0085.c, — 085, ¢, €[1020], (i) UF =171- 0095-¢,, ¢, €[818]

(i) U5 =01-¢c,-02, ¢, [212], (VU2 =1-01-c,, ¢, €[110]

From the equations above we may compute the maximpassible utilities for the two

negotiators: U = 085, Ut =095, USe =1, Us® =09. Thus, we have:

2max 2max

Uk =088 & UZ2b =093, while U® = 0068 c, + 002-c,- 072 &

max max

U® =-0057-c,— 004-c, + 1426. In Figure 1, the utilities of the two negotiators are

depicted with regards to the values of the two rmmttissues. The minimum acceptable utility
level has been highlighted in both diagrams. Notle in case the value of at least one

contract issue does not lie within the intersectbthe acceptable value ranges of the Seller
and the Buyer (i.e., when, ¢ [1018] and/orc, ¢ [2,10]), the utility of at least one of the

two negotiators is negative.

Based on our negotiation model and strategy, censigl the case aforementioned, if
¢, <10 and/or if c, < 2, the Seller does not propose the contract generate seeks to
propose another contract within his/her acceptabtdract domain. On the other hand, if a
negative utility contract is proposed by the Seftbat is if ¢, >18 and/or if ¢, >10) then

the Buyer assigns zero rank to the specific coptnabile setting to zero the respective
element of the value constraint validity vectortioé “source” contract of the round to be

provided to the Seller.
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The negotiation process is initiated by the Buydovgends to the Seller an initial RFP

specifying the types of the contract issugsceé anddelivery datg. Based on this RFP, the
Seller proposes an initial contra@® = [2012] to the Buyer at =t,, setting all contract
issues at the values that maximise the Sellerigyufi.e., maximum price and latest delivery

date). ObviouslyU S(CtO , g‘o): 088=U 3" For the Negotiation Strategy presented in this

max *
version of the study, the initial contra@“ is ranked withr® =0, as both contract issues
values do not lie within the Buyer's acceptablegeatc, = 20¢ [515] andc, =12¢[110]).
Thus, the value constraint validity vector of theyBr provided to the Seller is now:

VCV®* =[00]. ContractC" will be the “source” contract of the first compategotiation
round ( =1),i.e.,C& =C" =[2012].

The maximum possible duration of a negotiationdtris equal tol =10sec, whereT
is an upper time bound defined by the Seller. Thenputational and communication
capabilities of the two negotiating agents, as wslitheir locations in the communication

network, are assumed to lead to an almost condtaation of each negotiation round, that is

t.,, -t ~ bec VI. Thus, the maximum number of rounds within whitte tSeller is

authorised to complete the negotiation with the auy is:

L=INT T = INT(loseCj: L =10. This value indicates that the maximum -
.-t 1sec

acceptable by the Seller— number of rounds is eguial=10=>| <10. For each negotiation

round | the Sellers utility reduction @' =U S(CQ*,Q“’)—U S(Cf(' ,d® )) will be

considered to be constant. Thus, the following dgan
U S,ty _U S_

@' = @' = Zm s - 005 U (G 0" J=U°(C!,d")- 005=

~us(cy,dv)- 005, vI =1,...10.

Table 2provides the outcome of the application of theppsedNegotiation Strategy
Since the initial contract does not belong to BAs acceptable region, th®A’s contract
generation mechanism follows the proposed appré@cie negotiation phase, luntil a non
violating contract is reached. As depictedTiable 2 negotiation phase lIktarts at round
| =5, since at the end of rounld= 4, the [17.79, 9.5] contract has been proposed, lwhic
belongs to theSA’s and BA’s contract intersection region. In accordance whiih proposed
approach fomegotiation phase lithe contract generation mechanism adopted bysfhat
each negotiation rounld> 5 exploits the results of the previous negotiationnd | —1. That

is, assuming that the contract isduavas preferred by thBA on negotiation roundl, the SA
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for the generation of thén contracts of negotiation rounidt-1 setsucd(k) = 0.7, while

ucd(j)= 0.3 (for all contract issueg ). The negotiation ends successfully at negotiation
round| =9, during which the agreement contract (highlighitetlue) isC" = [1632,2.0].

This contract results in Seller utility equal ltbS(C} ,g‘°)= 043 and in Buyer utility equal
toU®(CP,d" )= 041.

Thus, the proposed Negotiation Strategy in the edntof this case led to
U®+U°® =0.8456. The optimal solution, which results in the maximypossible social

welfare (i.e., U®+U® =max), would be contractC 180,20] that leads to

optimal = [

(U *+U B) = 0.8640, which is just2% higher than our strategy’s total utility.

optimal
As previously mentioned, an objective of our exmpemts is to provide indicative
evidence of the efficiency of the proposed NegimStrategy, hereafter denoted N |
that assists both Sellers and Buyers in reachingnt@agreement, considering potential e-
marketplace constraints and limitations. In the oéshis section we will provide comparison
results with respect to two alternate Negotiatianat8gies. The overall presentation is
restricted to a qualitative discussion on the expantal results obtained up to this point,

since a quantitative presentation is highly depehda the specific model parameters (e.g.,
Ul ., a€{S, B}, the acceptable value regions for all contraatéssfor both the Buyer

and the Seller, their negotiation deadlines) ad agthe dynamics of the market conditions
that determine the values of the decision issué®e author's current work is towards
quantifying the performance of the negotiationtsgaes with respect to the model parameters
aforementioned and the market conditions dynaniabsequently, a brief description of the
two alternate strategies is provided.

The first alternate Negotiation Strategy (whichpresented thoroughly in (Louta et al.,
2004) and will be hereafter denoted R 1) is built upon the simplest possible ranking
function, i.e., the ranks assigned to any confpagposed are Boolean variables (one instance

of the {accepireject} set). This strategy considers that the Seller sémdhe Buyer only one

contract at each negotiation round, which is caiestd on the basis of the Buyer’s response
to the previous contract proposal. It has beenmsduthat the Buyer adopts a simplified
rationale and acts as a hill climber (Klein et 2002) by accepting at each negotiation round
the contract proposed only if all his/her respextralue constraints are respected and the
utility acquired exceeds the utility stemming frahe last accepted contracRegarding the
Seller's contract generation mechanigmgotiation phase Wworks in a similar manner to
negotiation phase ¢f theNS | while the general idea in the contexinefyotiation phase lis

prior to conceding an additional utility quantity éxplore the impact of the reallocation of the
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utility concession to each one of the contractdssmavolved in the negotiation process. This
approach would work well in case the Seller/Buyeesinot face strict time deadlines, as the
Seller searches the contract space in order toafindlternate contract that better satisfies the
Buyer’s needs, without however sacrificing any jortof his/her utility. In case this is not
feasible, the Seller concedes by offering a cobt@mresponding to a certain utility
reduction. However, in case either party faces w®adlines, the negotiation in many cases
proves to be unsuccessful as the procedure of ogingeto an agreement is very slow, often
forcing the parties to withdraw the negotiation whileir deadline expires, prior to an
agreement being in place.

The second alternate Negotiation Strategy (whigiresented in detail in (Roussaki et al.,
2004b) and will be hereafter denoted N Ill) uses a more sophisticated scheme with
regards to both the Seller contract generation an@sm and the Buyer response. The Buyer
adopts a more complex rationale, providing ranks tre estimated on the basis of the
Buyer’s utility function, i.e., ranks provided byristly increasing functions of the utility of
the contracts under assessment. This strategydmwasihat at each negotiation round the
number of contracts sent to the Buyer by the Sédlequal to the number of the issues under
negotiation. Initially, the negotiation procedur@ldws a similar approach thNS | as the
Seller generates the same “source” contracts. BNS Ill, after the first contract that does
not violate the Buyer restrictions is proposed,‘dairce” contract of the subsequent rounds,
is not selected among the previously proposed acistras irNS | but it is estimated based
on the Buyer ranks. Once the “source” contract étednined, the contracts of the next

negotiation round are calculated using exactly same algorithm as in the first round of
negotiation phase lin NS L As far as the formulation of the “source” contra(Ef)' is

concerned, two priority objectives are distingutsh@) to move all contract issues values to
acceptable ranges for the Buyer and (ii) to greatljst the values of those contract issues
that result in higher improvement of the contraamking (i.e., the ones that affect more
strongly the contract utility of the Buyer). Thuke Seller generates a “source” contract
distributing the Seller utility reduction of theuad to all contract issues so that the updated
values of the ones that present higher ranks “abdugher percentage of the round utility
“compromise”, with regards to the previous rountijlesthe ones with lower ranks “absorb”
lower percentage of the round utility “compromis&he relative “source” contract generation
algorithm is provided in (Roussaki and Louta, 2003)

This approach introduces an increase on the conuatimn cost spent on each
negotiation, as Buyers do not just send the indekeocontract selected to the Seller, but they
provide ranks for all the contracts proposed. Niaess, this cost increase is negligible with

regards to the communication cost needed to semdobposed contracts. In case linear
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models of the utility functions of the Buyer areeds and/or when the number of contract
issues is relatively lowNS 11l results in agreements that present equal or I@eéer utility
and equal or higher Buyer utility, with regardghe results oNS | while the duration of the
negotiation procedure is often shorter f86 | Nevertheless, the deviation of the social
welfare of the two approaches is not considerabhese results seem to be rather paradox,
since more information is utilised in the contekNS 11l and the Seller was expected to find
an acceptable solution faster in comparisoN®ol The efficiency oNS Iwith respect tdNS

Il is due to the linear formulation of the utility dwls of the Seller. Thus, since in the
context of NS | one of the contracts proposed at each negotiaband is generated by
attributing each round’s Seller utility reductio®QP6 to the contract issue whose value
modification was most preferred by the Buyer in grevious negotiation round (and this
preference will not changelNS | acquires a solution faster th&$ I, resulting in higher
Seller utility in case th&lS lis adopted. In case the Buyer utility functiomat linear, and its
slope may considerably deviate along the acceptathe range of the contract issud§ Il
demonstrates higher performance as far as ther $elmncerned. Initial results (Roussaki
and Louta, 2003), indicate th&S |is often slower thatNS Ill, when the Buyer utility
function changes radically between the contractepaf subsequent negotiation rounds. The
number of the contract issues also plays an impbntale to the performance of both
strategies. Initial results, suggest tiNg |is preferable for the Seller when the number of
contract issues is relatively low, whiNS 11l is better when the number of contract issues is
considerable and the difference between the derévatf the overall Buyer utility function
with regards to the contract issues may greathiaievfrom one round to the next. What
remains to be studied, is which utility functionstwally apply to the e-commerce
environments. If this is identified, then the meféicient negotiation strategy for the Seller

will be clearly distinguished.

5. CONCLUSIONSAND FUTURE WORK

This paper presented wulti-party, multi-issue dynamic negotiation modehnd an
effective strategy, to be exploited by mobile ilgeint agents in an e-commerce environment.
The proposed framework is adequate in cases wheralisclosure of information is not
acceptable, possible, or desired by the partiegh@®Buyer’s side its efficiency is due to the
fact that a flexible and light reasoning componisnadopted on behalf of the Buyer agent
based on aanking mechanismwhich does not necessitate the explicit statenoénall
preferences and requirements of the Buyer in a taiglp quantified way, while being more
time and resource efficienRanking mechanismeplaces the counter-offer complicated

scheme, while potential decision issues are coreidd hus, it supports an evaluation of the
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contracts proposed, based not only on the valudiseoissues under negotiation, but also on
the e-marketplace conditions and the negotiattates

The contract generation algorithm of the Sellercsupled with a Buyer ranking
mechanism that entails identification of the mogitable contract among the contracts
proposed. This framework demonstrates exceptidfialemcy in cases where Buyers are not
able to provide all their requirements and prefeesnn a completely quantified way, while
being capable of selecting the contract that bassfees their needs. Besides the inherent
computational and communication advantages of ttepgsed negotiation strategy, its
efficiency is due to the fact that an agreementveen the Buyer Agent and Seller Agent is
reached in any situation it is feasible, beforepgreziefined deadline expires.

The negotiation framework designed has been adopyedelf-interested autonomous
agents and has performed well on the generaticula$equent offers and the ranking of the
contracts proposed, always converging to a mut@ateptable contract, if any. Initial results
indicate that the designed framework produces optimal results, in case the number of the
negotiation issues is high, while demonstratinguésite performance for the Seller, when the
Buyer utility function is linear. Future plans irlve its extensive empirical evaluation against
existent models and strategies and against thenapsolution of the negotiation problem.
Additionally, issues of malicious transactions batw the buyers and the sellers should be
addressed.

The presented work addresses mainly the casedabéral negotiations or multi-lateral
strategically independent negotiations. Howevercdge there are Buyers with conflicting
interests or/and competitive Sellers, our framewak be extended as follows. At the end of
each negotiation thread, the Sellers are addifpnalovided with information on the
agreements they fail to establish. This informatan be exploited for determining whether
there should be some modification in their poligiesy., price reduction, alteration of set of
attributes or quality levels offered, negotiatiamategy modification, etc.). Our on-going

research work aims to this direction.
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Figure 1. Utility functions of the two negotiatipgrties with regards to the two contract

issues
Neg. Round I=nrg+1 I+1 I +2
§ § (c),cy,cy) , ucd@®=1 | @4 cht, ek, ucd(@=07, ucd@®=03 | (c}? cy?,ch?), ucd@d=07, ucd@)=03
g §. (¢,,c%,cy), ucd(2)=1 e, eht ek, ucd)=1 (c*2,¢%?,e%h?), ucd(®)=07, ucd(2)= 03
oo (¢,¢5,c%), ucd@=1 | @™.cyt,cht), ucd(?=07, ucd(@3)=03 (¢?,ch?,¢%?), ucd(®d) =1
Source ; Wl
Contract (¢, ch,cy) (¢, ,cy), ucd(2)=1 (e, cht,eh?), ucd(?=07, ucd@)=03

Table 1. An example of the proposed negotiaticatesgy
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t t Bl =
e it P Ml W F YAV
index)| utility) (first contract) | (second contract] rank) | rank) (Buyer’s utility) (value constr. vald, vectc
|=0/0.88 [20, 12] 0 - [00]
|=1]0.83 [19.63, 10.75] 0 - [00]
|=2/0.78 [19.62, 9.5] 0 - [01]
| =30.73 [18.26, 9.5] 0 - [01]
| =4]0.68 [17.79, 9.5] BC 0.032 [11]
|=5|0.63| [17.79,7] | [17.05,9.5]| BJ 0 |0.1320.0743
| =6|0.58| [17.79,4.5]| [17.57,5.25] BC 0| 0.28R2143
|=7|053| [17.79,2] | [17.57,2.75] BG 0| 0.3823143
| =8 0.48 [17.05, 2] BC 0.374
1=9]0.43 [16.32, 2] 1 0.41

Table 2: Results of application of the proposedadtiegion Strategy
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