Multi-criteria negotiation on

Multi-Agent Systems

Eugénio de Oliveira ¥ José Manuel Fonseca * Adolfo Steiger-Garção * eco @gar field.fe. up.pt jmf@uninova.pt asg@uninova.pt

¥ FEUP - Faculdade de Engenharia * FCT /UNL - Faculdade de Ciências e T ecnologia

Universidade do Porto Universidade Nova de Lisboa

Rua dos Bragas -Porto ˘ Portugal 2825 Monte de Caparica -Portugal

Abstract: Negotiation is a kind of decision making where two or more parties jointlysearch a space of solutio ns with the goal of reaching a consensus. T his search usuallyis a single dimension process where the different agents, involved in the negotiation process, mutually adapt their price offers in order to reach their goals (to sell or to buya good). However, this process is inflexible and often unrealistic because more than one single issue has to be negotiated in order to find out an adequate agreement. In this paper we introduce a multi-issue negotiation protocol for one-buyer -to -many-sellers interactio n. T he paper is also enhanced with an application example that illustrates the negotiation process and sho ws ho wit can be useful both as a product brokering and as a mar ket brokering tool.

Keywords: Negotiation, M ulti-issue negotiation, Electronic Co mmerce.

I - Introduction

Most of the well kno wn negotiation protocols deal with a single dimensio n (usually the price). Moreover,

Wellman [Wel99] also says that the preferences´ reduction to the price single figure is what characterises the market. Ho wever, this seems to be a bit simplistic and unrealistic in the electronic co mmerce framewor k.

In this paper we are going to focus our attention on the kind of negotiation that takes place in an electronic market involving one buyer and manymerchants that are potential sellers. I n fact, we will use the traditional

Consumer Buying Behaviour Model (CBB) that is also used and enhanced to acco mmodate the so ftware agents concepts as it is done b y[Gut98a]. CBB encompasses six main stages: Need Identification, Product Brokering,

Merchant Brokering, Negotiation, Purchase and Deliver y, and finally Service and Evaluation. Currently,

Electronic Co mmerce agent mediated systems tr y to auto mate, at most, three of these stages (Product and

Merchant Brokering as well as Negotiation). Here in this paper we are mo st concerned with the use of So ftware

Agents for a rich ( multi-dimensional) and flexible (adaptive) design o f the Negotiatio n phase protocol.

Ho wever, as we will see later, this negotiation protocol can also be seen as a product brokering stage once the buying agent can also use it as a mar ket search process.

Negotiation is a kind of decisio n making where two or more parties jointlysearch a space of solutions with the goal of reaching a consensus [Ros94]. So me authors [Vul98] advocate the use o f auctio n protocols for agentmediated EC, arguing that they are widelyrecognised byecono mists [Moo92] as the most efficient wayo f resolving one-to -many negotiatio ns.

Other authors point out the limitations o f auctio ns´ protocols and seek for more flexible negotiation models

[Gut98b]. T heystress o ut that online auctions are in fact less efficient and more hostile than it wo uld be desired.

For example, the winner´s curse, i.e. the winner pays more than the real value of the product, seems to be a consequence of auctions and, therefore, theypropose more co-operative m ulti-attribute decision analysis tools and negotiation protocols using distributed constraint satisfactio n policies to support it.

Ho wever, both lines of research are aware of the need of enhancing simple price-based auction mechanisms, transfor ming them into new protocols enco mpassing multi-dimensional issues to be negotiated amo ng the market participants.

T his kind of negotiation is no longer of a win-lose type (zero-sumgame on the game theor ytaxo no my) and becomes one of the win-win typ e (non-zero sum game) allowing agents to co-operate when negotiating over multiple dimensions. T herefore, co-operative negotiations can be described as the decision making process of resolving a conflict involving two or more parties over multiple independent, b ut no n-mu tuallyexclusive goals

[Lew97]. Another important point to take into account in which agents negotiation in the electronic co mmerce framewor k is concer ned, is the need for real adaptive agents that can lear n with past experience in several different ways in order to become more effective in the mar ket. Interesting work in multi-issue negotiatio n is being carried out b yNick Jennings [Vul98; Sie97]. However, the focus of their wor k refers to one-to-one negotiation while our work is dedicated to one-to -many negotiatio n once this is the typ ical situatio n in on-line shopping.

II ˘ Issues on Multi-criteria negotiation

It is not crucial whether we use multi-lateral negotiations or auctio n protocols for agent-med iated electronic commerce as far as we enhance the negotiation protocol capabilities with multi-attribute bids and appropriate evaluation functio ns. Moreover, and according to [Vul98] and [Moo92], once the onlyauction protocols relying on agents playing their dominant strategies are the English and the Vickreyauctio ns, it seems reaso nable to tr y to accommodate the new co-operating negotiating facilities alo ng the multi-dimensio nal buyer s´ preferences to the referred auction protocols. Vulkan and Jennings introduce an extension to the English auction protocol by which all the service provider agents have a preliminar y negotiatio n stage (^pre-auctio n~) to find out the best proposal which is, after wards, proposed to the service seeking agents for negotiatio n (or take-it-or-leave-it).

T heyclaim that in doing so, theymaximise the worst-case outco me for the buyer s (always restricting the auctions to private and not commo n values, i.e. not allo wing goods re-selling). Ho wever, the referred authors deal with the agents´ preferences as if they were just quantitative parameters through the definition o f constraints on parameter s.

Multi-criteria negotiatio n is extremely useful in a lar ge number of situations. Situations where more than one single parameter is simultaneously taking part in the same negotiatio n are co mmo n in real co mmercial scenarios where buyer s are confronted with several different appealing proposals.

In single-criteria negotiatio n the value of a parameter is negotiated in such a way that the different negotiators tr yto defeat their opponents by offering a better proposal. T he preferences of the buyer can be either implicit

(the lo wer is the price the better for the b uyer) or explicit with the buyer publicising its preference. T his process can be done in a single round, where the co mpetitors have one single chance to offer and no offer revision is allo wed 1 , or in multiple rounds where agents can revise their offers in face o f the other co mpetitors offers 2 .

1 Vickreyauction and First-price sealed bid auction are examples of single-round protocols.

2 The English and the Dutch auctions are probablythe most popular examples of multiple-round auctions[San96].

T he first difficultyin multi-criteria negotiatio n is the buyer s´ preference definitio n. If we want to build a generic system, where no global, commo n kno wledge is available, the b uyer must make explicit his/her preferences in order to allowthe potential sellers to calculate their best proposals taking also into account the buyer´s point of view. While defining the buyer ´s preferences we must distinguish between discrete and continuous parameters.

When the negotiation involves a discrete parameter it can be either a scalar or a non-scalar value. I f it is a no nscalar value, the anno uncer (buyer agent) must specify either all the ad missible values or a relationship over that parameter ´s do main values (higher than, lesser than , ...). Whenever the parameter ´s value is of a scalar type, the anno uncer can also specify intervals of ad missible values. When dealing with continuous values, the announcer must specifyspecific values or inter vals o f acceptable values.

T he second main difficultyin using multi-criteria negotiatio n is the mutual evaluation b yboth the buyer and sellers of each possible bid value. Because this evaluatio n must be done according to the buyer ´s criteria, the buyer must co mmunicate his evaluation function to all the potential seller s. In order to allowthe comparison o f different possible bids including different parameters (due to different sellers´ interests and possibilities) that cannot, in principle, be directlyco mpared, the adopted solution is the weighting of the different possible values.

In addition to the specification o f the ad mitted values or intervals o f values, buyer must also specifythe weight he/her attaches to each possible value. When inter vals o f values are defined, an evaluation for each inter val must also be specified. Alter natively, an initial and a final value for each inter val can be defined. In this case, the evaluatio n of each inter mediate value will be calculated by linear interpolation. For continuo us or discrete scalar values the upper limit for the interval can be considered as infinite as well as the lo wer limit can be considered as minus infinite.

III ˘ A new negotiation protocol

T he newprotocol for multi-criteria negotiation we are here presenting is a modified ver sion of the well-kno wn

English auctio n. T he buyer will start a negotiation sessio n b yannouncing his request together with the list o f the accepted values and correspondent evaluations. T his announcement is then broadcast to all the potentially interested agents. T hese receiving agents (sellers) evaluate the request and find their best possible answer (bid).

In this process, the seller s must weight two often antago nistic or, at least, not coincident interests ˘ their o wn interest as sellers and the buyer´s interest. In order to maximise their profits, the seller s will produce bids that are not their o wn best bid (according to their o wn evaluation functio n), but those which they believe wo uld be the best fro m the b uyer ´s point o f view. T he negotiation process will force the sellers to move fro man ambitious perspective (tr ying to maximise their o wn utility instead of the one fro mthe buyer) to a non ambitious one (reducing their o wn utility in order to increase the buyer ´s utility) as the negotiatio n progresses.

T he process of finding a maximu m for the linear co mbination o f two non-linear generic functions such as both the buyer´s and sellers´ evaluation functio ns, is a co mplex optimisatio n problem. Genetic algorithms could be used to find out the optimal bid value according to the current constraints. T he best solutio n found b yeach seller will then be considered as its first bid. Once the buyer has received all the bids (or a predefined timeout has expired) the bids are ranked and the best bid is then selected. If the buyer, in face of the received bids, decides to change its o wn evaluation criteria, the evaluation parameters must be resent to all the sellers and the negotiation must be restarted. Other wise, the best solution achieved is sent to all the sellers and a ne w negotiation round starts. In each round, the best bid is used as a reference bid. Onlythe best bids are accepted. If a seller sends o ut a bid with a lo wer buyer ´s evaluation, it is disq ualified and eliminated from the seller ´s pool.

If a seller has no chance to improve the best bid so far, its nor mal procedure is to quit the negotiatio n process explicitly b ysending out to the buyer an adequate message. T he negotiation process will finish when all but one seller quit or are disqualified.

T he evaluatio n function used both b ybuyers and sellers is the followi ng:

å

=

=

n i

i i

v c w v E

1

) ( . ) ( (1)

[ ]

[ ] [ ]

( ) [ ] i i i i i

i i i

i i i

T T T v continuous p if

v T discrete p if v c min min max .

min max

min ) ( + - ï î

ï í

ì

-

-

®

®

= (2) where:

n ˘ number of parameters ( i fro m1 to n) T [ v

I

] ˘ score defined bythe user to value v i

of parameter i p

I

˘ type of parameter I Max i

˘ maximum value o f parameter i w

I

˘ weight defined b ythe user to parameter I Min

I

˘ minimum value of parameter I

In the for mula above, the evaluation functio n E(v i

) is a linear co mbination of the n parameters evaluatio n values represented as c( v

I

) and weighted b ymeans of w

I

. T he functio n c( v

I

) represents the score defined for the value c

I

. If the parameter is discrete, such a result is a list o f values, one for each possible value of the input parameter. If the parameter is continuous, the evaluation value is calculated b ylinear interpolation between the value ( T[min i

] ) corresponding to the minimum acceptable value for the parameter i ( min i

) and the value

( T[max i

] ) corresponding to the maximum ( max i

) acceptable value for the parameter i as defined b ythe user. T he weights w i

are so meho wredundant because the user could define different weights b ycorrectlysetting the evaluations T[v i

] . However, the explicit definition of the weights was considered to be much more understandable and natural for the user.

IV ˘ A negotiation example

In order to illustrate the concepts and protocol presented before , an application example is no w introduced. T he negotiation protocol is completely generic and can be applied to any(or almost any) field. T o make it easythe reading of this paper, the automo tive mar ket - a scenario that is familiar for manyo f us - was chosen. A situation where a user wants to buy a new car was simulated and the ne wprotocol for negotiation is no w applied, explained and discussed.

After the user has selected a car in the categor yof ^familycar~ he gets a pre-defined evaluation functio n that was created in order to correspond to the usual preferences of the typical family car´s buyer. Ho wever, the user can also freely custo mise his profile if he has different preferences. In this example, the weights considered in the evaluatio n function range fro m0 to 100 and the values range fro m0 to 20. However, any other scale can be used because o nlyrelative compariso ns of those values are made. T he absolute value of the classifications is irrelevant. T he weights referred above reflect the importance the user gives to each parameter. Classifications define the importance the user gives to each one of the discrete parameters´ values or to each one of the limits of each continuous parameter domain. Classifications can also be used to express a lo wor a high importance to each parameter. B yassociating high classifications to the different values o f a parameter (ex. 16-20) the user can also give it a higher importance in the final classification than what would be the case if using lo w classificatio ns (ex. 6-10). T his kind of redundancywas introduced in order to achieve a more natural representation of the user´s preferences.

Weight

Type

Value Beta Gamma Delta 2 3 4 5 2000 6000 Y N Y N Y N Y N Y N Y N

Score 7 10 10 9 10 14 15 15 5 15 10 15 5 15 5 15 10 15 5 15 5

Price

100

D D C

AIRGBAG

Driver

D

20 100 20

D

ABS Brand Number of doors

20

AIRGBAG

Pass

D

20

Alarm

D

5

AC

D

50

Power steering

D

30

Weight

Type

Value Y N Y N Y N Y N Y N 4 12 1000 2000 50 150 150 250 5 25 200 1000

Score 15 5 12 10 11 10 14 12 8 6 20 2 15 16 5 15 10 12 20 0 5 20

30 60 70

10 60 40 70

10 15 0 5

C C C C

Maximum

Speed

Aceleration Baggage capacity

D D D D D C C

Radio Urban consumption

Capacity (cc) Max. Power

Power windows

Metalic painting

Alloy wheels Sunroof

T able 1 ˘ User´s preferences.

T he preferences on the above tables will be used both b ythe sellers to evaluate their offers fro mthe buyer´s point-of-view and b ythe buyer to evaluate the different bids. T he first line on table 1 is the type of each parameter. It can be either discrete (D) or continuous (C). If the type is continuous, the different accepted values for the parameter are given and, belo wit, the correspondent classification is also given. I f the parameter is continuous, the two limit values ( minimu m and maximu m) are defined and the classification for these two limits is presented. T he evaluatio n function will use linear interpolation to evaluate inter mediate values. T he evaluation scale used was between 0 ( minimum) and 20 ( maximum). Ho wever, it is important to stress out that the scale used is irrelevant because the evaluatio n function will be used onlyfor the sake of co mparison between the different bids. T his classification criterion will be appended to the announcement.

Values in table 1 reflect the evaluatio n criteria of the buyer. Likewise, the different sellers will also have their o wn evaluation function to calculate the value of each possible bid. As well as the buyer ´s goal is to get the product that maximises his evaluatio n, the seller´s goal will be to find out both the product and selling conditions that will maximise its satisfaction and simultaneously convince the buyer. T he evaluation functio n of the seller s can be based on parameters that are distinct fro mtho se of the buyer. For simplicity, we have used, in this examp le, the same evaluation functio n for all the sellers. Ho wever, each seller mayalso use a co mpletely different function with different parameter s and corresponding classification. T he evaluation functio n for the different seller s is presented on table 2.

Weight

Type

Value Y N Y N Y N Y N Y N Y N Y N

Score 10 15 10 15 10 15 10 15 10 15 10 15 10 15

D D

20

Power windows

D

20 20

D D D

Alarm AC Power steering

20 20 20

AIRGBAG

Pass

AIRGBAG

Driver

ABS

D

20

Weight

Type

Value Y N Y N Y N 0 100 0 6 0 25

Score 10 12 10 12 10 15 0 20 10 20 20 16

C C C

Stock Model age Max.

Discount

D D D

20 20 20 80 50 100

Metalic painting

Alloy wheels Sunroof

D ˘ discrete parameter C ˘ continuous para meter

T able 2 ˘ Sellers evaluation function.

Co mparing the previous table with table 1 it can be seen that o nlyso me evaluation parameter s are commo n to both tables. Newparameters like Stock (reflecting the number of units in seller ´s stock), Model age (howlong is the car´s model available in the mar ket) and Discount (the percentage of discount relative to the ideal price) were no w introduced. T hose new parameters as well as the absence of so me of the previouslydefined ones, and the different given values for the co mmon parameters reflect the different perspectives the buyer and the sellers have on the same product. Of cour se, sellers evaluation functio n is private to each seller and it is never revealed to the buyer or to anyother seller.

Sellers, kno wing both functions, can evaluate the products they want to sell, fro mboth perspectives. T o go on with our example, we will now consider three different sellers Beta, Gamma and Delta with different products to sell that can be of interest to the buyer who have made the previous announcement (see next table).

Brand Model Doors Normal price

ABS AIRBAG

Cond

AIRBAG

Pass

Alarm Air cond Power steering

Power windows

Metalic painting

Alloy weels

Sunroof Radio Urban consumption

Capacity

(cc)

Max.

Power

Max.

Speed

Aceleration Baggage capacity

Betamax SR 3 3098 n s n n n s s n s s n 9.3 1370 103 185 11.9 320

Betamax AIRBP MP SR 3 3170 n s s n n s s s s s n 9.3 1370 103 185 11.9 320

BetamaxAC AIRBP 3 3461 n s s n s s s n s n n 9.3 1370 103 185 11.9 320

Betamax AC AIRBP MP 3 3491 n s s n s s s s s n n 9.3 1370 103 185 11.9 320

Betamax AC SR AIRBP MP 3 3566 n s s n s s s s s s n 9.3 1370 103 185 11.9 320

Gamex EL 5 3073 n n n n n s s n n n s 9.2 1370 80 170 13.9 380

Gamex EL AIRBC AC 5 3505 s s n n s s s n n n s 9.2 1370 80 170 13.9 380

Gamex EL AIRBC AIRBP AC 5 3545 s s s n s s s n n n s 9.2 1370 80 170 13.9 380

Gamex EL MP 5 3113 n n n n n s s s n n s 9.2 1370 80 170 13.9 380

Gamex EL AC MP 5 3338 n n n n s s s s n n s 9.2 1370 80 170 13.9 380

Gamex EL AIRBC AIRBP AC MP 5 3585 s s s n s s s s n n s 9.2 1370 80 170 13.9 380

Delux 5 3085 n s n n n s s n n n n 10.1 1392 75 169 14.4 380

Delux ABS 5 3185 s s n n n s s n n n n 10.1 1392 75 169 14.4 380

Delux ABS AIRBP AC 5 3418 s s s n s s s n n n n 10.1 1392 75 169 14.4 380

Delux ABS AIRBP AC AW 5 3533 s s s n s s s s s n n 10.1 1392 75 169 14.4 380

Beta

Gamma

Delta

T able 3 ˘ Sellers products description.

After having received the anno uncement, the seller will send out a bid that optimises its o wn criteria. If there are more than one possible solutio n with equal value to the seller, he will decide for the one that is more valuable to the buyer. Once the different bids received fro m all the sellers, the buyer selects the best proposal and co mmunicates the evaluation of that proposal to all the sellers. In each negotiatio n round all the bids must have a higher evaluatio n than the best bid of the previo us one plus so me pre-defined threshold (in this example

0.1) unless it is their last bid. In this case any increment to the previo us best one is accepted. In the next table, the buyer and seller evaluatio ns are depicted. T he minimal and maximal evaluations are due to the price factor.

In this example price is the single parameter that can be continuo uslymodified inside pre-defined limits b ythe seller (set b ythe ideal price and maximu mdiscount). Because the price has a direct influence in both the b uyer and seller evaluatio ns, when a car is proposed at its higher price, the maximum evaluation for the seller and the minimum for the buyer will be obtained. When the minimumprice is offered we will get the maximum for the buyer and the minimu mfor the seller. Any value between these two situations is possible depending on the percentage of disco unt adopted. A situatio n where a seller chooses to make a discount instead of moving to another product, occurs in the third negotiatio n round of the example belo w. Of cour se that this table can only be calculated on the vendor´s side. T he buyer has no idea about what maximu m discount the seller is able to do.

Only negotiation can force the seller to reduce its price moving fro ma zero discount offer to a reduced price offer. Anyway, the seller will always make the o ffer with a higher evaluatio n to himself. T he price reduction will onlybe adopted if it is the best solution to the seller accordingly to its evaluation functio n.

Brand Model Seller max evaluation

Seller min evaluation

Buyer max evaluation

Buyer min evaluation

Betamax SR 13.27 10.60 10.14 9.99

Betamax AIRB P MP S R 13.13 10.47 10.44 10.28

BetamaxA C AIRBP 12.16 9.49 10.98 10.80

Betamax AC A IRBP MP 12.24 9.58 11.01 10.83

Betamax AC S R AIRBP MP 11.95 9.28 11.00 10.82

Gamex EL 12.84 10.17 10.17 10.01

Gamex EL A IRBC AC 12.46 9.79 11.13 10.95

Gamex EL A IRBC AIRBP AC 12.55 9.89 11.39 11.21

Gamex EL MP 12.68 10.01 10.20 10.04

Gamex EL A C MP 12.81 10.15 10.81 10.64

Gamex EL A IRBC AIRBP AC MP 11.97 9.30 11.42 11.24

Delux 13.52 11.74 10.10 10.00

Delux ABS 13.37 11.59 10.21 10.10

Delux ABS AIRBP AC 12.43 10.65 11.09 10.97

Delux ABS AIRBP AC A W 12.11 10.33 11.10 10.98

Beta

Gamma

Delta

T able 4 ˘ Buyer and sellers evaluations.

In the previous table, the ^Bidder´s max evaluation~ column corresponds to the seller´s evaluation o f each car at its maximu mprice and the ^Bidder´s min evaluation~ column corresponds to the seller ´s evaluation at each car minimum price. In a similar waythe ^Buyer´s max evaluation~ is the buyer´s evaluatio n at the minimum possible price and the ^Buyer ´s min evaluation~ column the buyer evaluation at the maximum po ssible price.

T his table is private to the seller s because buyers do not know the minimum prices. T he table is used to kno w the range of values each bid (car) can have fro mthe buyer’s perspective, whenever the price (the only continuous parameter that the sellers can co ntrol in this example) is modified.

Let us no w see ho w negotiation evolves fro mthe announcement stage to the final assignment. T he first step in the negotiatio n process is the announcement made b ythe b uyer with the intentio n of buying a car and containing its evaluation functio n as described in table 1. In their first bid, the different vendors will send out the bid that presents the best evaluatio n for themselves. As we can co nfir mlooking to table 4, company Beta decides to bid with car Betamax c/TA ( 13.27 to Beta , 9.99 to the buyer), Gamma with Gamex EL (12.84 to

Gamma , 10.01 to the buyer) and Delta with Delux (13.52 to Delta , 10.00 to the buyer). T herefore, Gamma EL is the best offer and 10.11 is the price beat in the round (10.01 plus 0.1). In the second round Gamma does not bid because it has the best proposal. Beta then proposes Betamax with passenger AIRB AG, open roof and metallic painting (13.13 to Beta, 10.28 to the buyer). Delta proposes Deluxe with ABS and a 2% discount in order to achieve an acceptable evaluation b ythe buyer (13.01 to Delta , 10.12 to the buyer). In the third round Alfa is leading. Gamma proposes now Gamex EL with air conditio ned and metallic painting (12.81 to Gamma , 10.64 to the buyer) and Delta the Deluxe with ABS, passenger AIRBAG and the air conditio ned (12.43 to Delta , 10.97 to the buyer). In the fourth round Beta is in serious difficulties to beat the third round best and does its best proposing Betamax with passenger AI RBAG, air conditioned, metallic painting and the lo west possible price

(9.58 to Beta , 11.01 to the buyer). Gamma bids with Gamex EL with double AIRB AG and air conditioned

(12.55 to Gamma , 11.21 to the buyer). T his last offer is unbeatable b ythe other sellers and both quit in the sixth and last negotiatio n round leaving Gamma as the negotiatio n winner.

VI - Conclusions and future work

In this paper we have presented what we believe to be an adequate protocol for multi-issue, multi-vendor negotiation process. Inspired bythe E nglish-Auction, the protocol nowproposed supports multi-round negotiation of multi-issue evaluated transactions allo wing the buyer agent to auto maticallyfind out the best of the proposed bids according to the buyer ’s interests. T his solution is ver y well suited to the retail electro nic market, once it promotes the buyer ’s pro-activity more effectively than the usual in current electronic auctio n systems. Instead of being up to the seller to promote the auction for selling goods (or services) we are here proposing that the buyers can do it b ylaunching buying announcements to which the sellers tr y to ans wer b y making the best possible bids. Moreover, instead of negotiating just the price, as it is typical in mo st of the current systems, a large number of different issues that characterise the products should be negotiated. T his means that if the buyer does not have a precise idea about what it reallywants, and he is receptive to proposals including different features of a specific good (as it is often the case in real-life trading) he can specifylar ge acceptance margins for the future bids and, through negotiation, to find out the most suitable product available in the mar ket. Of cour se that broader parameter do mains (due to relaxatio n) usually means more negotiatio n rounds and, as a consequence, more time co nsumptio n as well as more co mmunication.

A limitation of the actual implementatio n is the restriction o f the bids´ evaluation functions to linear functio ns.

T he introduction of Genetic Algorithms in the offer search process will allo wthe use of evaluation functio ns witho ut any restrictio ns. Another important further develop ment will be the inclusio n of an advanced protocol to support agents’ coalitions for matio n. T he introduction of mechanisms for coalition for mation and intracoalition negotiation identical to tho se presented in [Oli97] but no w adapted to the multi-criteria negotiatio n, will be one of the next steps in the develop ment of our multi-issue negotiation protocol.

References

[Gut98a] Guttman R., Maes P., Cooperative vs co mpetitive M ulti-agent negotiation in retail Electronic

Co mmerce, in Proceedings o f the 2 nd Int. Workshop on Cooperative Infor mation Agents CIA´98,

Paris, 1998.

[Gut98b] Guttman, R. H., Moukas, A. G., and Maes, P., ^Agent-Mediated Electronic Co mmerce: A Sur vey~,

Kno wledge E ngineering Review, June 1998.

[Lew97] R.Le wicki, D. Saunders, J.Minton, ^Essentials of Negotiatio n~, Ir win ,97.

[Moo92] Moore J., Implementatio n, Contracts and Negotiation in Environments with co mplete informatio n, in

Ad vances in Econo mic T heory, V.1, Cambridge UniversityPress, 1992.

[Oli97] Oliveira, E. d., Fonseca, J. M., and Garção, A. S., MACIV - A DAI Based Resource Management

System, I nternatio nal Journal on Applied Artificial Intelligence, vol. 11, pp. 525-550, 1997.

[Ros94] Rosenschein, J. S. and Zlotkin, G., Rules of Encounter : MIT Press, 1994.

[San96] Sandholm, T . W., ^Negotiation Amo ng Self-Interested Co mputationally Limited Agents,~ PhD

T hesys: University of Massachusetts at Amherst, 1996.

[Sie97] Carles Sierra, Jennings N., Noriega P., Parsons S. "A framewor k for Argumentation Based

Negotiation" (AT AL97) Intelligent Agents IV (M. P.Singh, A. Rao and M. J. Wooldridge, eds).

Springer -Verlag LNAI 1365 (1998) pp 177-192.

[Vul98] Vulkan, N. and Jennings, N. R., ^E fficient Mechanisms for the Supplyo f Services in Multi-Agent

Environments,~ presented at 1st Int Co nf. on Infor mation and Co mp utatio n Econo mies, Charlesto n,

South Carolina, 1998.

[Well99] Wellman ,M. and Wur man, P. mar ket-aware Agents for a Multiagent world to appear in Robotics and

Autono mous Systems Journal 1999.