
FM96.5 A Java-based Electronic Auction HouseJuan A. Rodr��guez, Pablo Noriega, Carles Sierra, Julian PadgetIIIA; LANIA-IIIA; IIIA; U. BathIIIA - Arti�cial Intelligence Research InstituteCSIC - Spanish Council for Scienti�c ResearchCampus UAB, 08193 Bellaterra, Catalonia, Spain.Vox: +34-3-5809570, Fax: +34-3-5809661fjar, pablo, sierrag@iiia.csic.es; jap@maths.bath.ac.ukhttp://www.iiia.csic.esOctober 22, 1998AbstractWe present an implementation of an electronic auction house inspired by theage old institution of the �sh market, where both software and human agents maytrade. This implementation supports fair, lively and robust bidder interactions.FM96.5 is a Java-based multi-agent environment that allows for a real-timeconcurrent operation of the complete �sh market auction process by making useof multi-threading. Agent interactions in this structured environment are modelledthrough standardized illocutions implemented upon Java Object Serialization.All market-owned agents are deployed through a simple layered architecture,while buyer and seller agents of arbitrary complexity are con�ned to the marketbehavioural conventions through standardized Java agent interface applets.1 IntroductionInternet is spawning many new markets. One that is particularly attractive for multi-agent technologies is network-based trading. But if that market is to become an e�ectiveactual market various non-trivial issues need to be addressed. Three issues appear to beparticularly signi�cant:� Diversity , of goods, trading conventions, participants, interests.� Dispersion, of consumers and producers, and also of resources and opportunities.� Safety and security of agent and network-mediated transactions.Thus it is not surprising that they have been the object of concern and positive at-tention both by the commercially interested parties as well as the academic community.



We propose to address those issues through a mimetic strategy, i.e. by adapting tothe new context created by the Information Highway those traditional institutions thathave proven e�ective in dealing with those same issues1.Traditional trading institutions such as auction houses {and the �sh market in particular{have successfully dealt with the issues of diversity and dispersal. For instance, by de�ningstrict trading conventions where goods of speci�ed kinds (e.g. �sh of certain quality) aretraded under explicit time/location restrictions (e.g. twice a day at �xed times at the �shmarket building) under strict negotiation protocols (e.g. downward bidding2). Participat-ing agents are subject to terms and conditions {involving identity, credit and payment,guarantees, etc.{ whereby the soundness of transactions becomes a responsibility of theinstitution itself, who in turn enforces those terms and conditions on its own behalf.In practice, the auction house upholds the fairness of the negotiation process and theaccountability of transactions by de�ning and enforcing stable conditions on:� the eligibility requirements for participating buyers and sellers� the availability, presentation and delivery of goods� acceptable behaviour of participants within the site� the satisfaction of public commitments made by participantsWe believe that similar functions may advantageously be instituted for multi-agentsystems. Be it to address some problems derived from the complexity of multi-agentinteractions, or {more practically{ to make acceptable some real-world applications ofmulti-agent technologies. In this spirit we have advocated the implementation of struc-tured environments that allow for the de�nition and enforcement of explicit constraintson multi-agent interactions [12]. We have also advanced some formal elements for thatpurpose [11].In this paper we show how this mimetic strategy can lead to an actual electronicauction house. We present a proof of concept-level release, FM96.5, of an electronicauction house that is a rather complete implementation of the trading conventions ofthe �sh market. It includes, among other features, a sound and fair implementation of areal-time downward bidding protocol and secure user interfaces that allow buyer agents ofarbitrary complexity to participate in auctions subject to the explicit {and enforceable{behavioural conventions of the �sh market. In Section 2 we outline what the electronicFishmarket consists of, in Section 3 we present our design assumptions and in Section 4how they were implemented. In a �nal section we discuss related and future work.1We use the term institution in the sense proposed by [13] as a "..set of arti�cial constraints thatarticulate agent interactions".2The Spanish �sh market still uses the traditional downward bidding protocol in which boxes of �share adjudicated to the buyer who stops a descending sequence of prices that is called by an auctioneer infront of all registered buyers. This protocol is also called a Dutch auction because it is the way 
owershave been traditionally traded in Holland. For historical references and the classical economic-theoreticaloutlook on auctions, cf., [7, 10].



2 FM 96.5 BlueprintThe actual �sh market3 {and other similar auction conventions{ can be described as aplace where several scenes take place simultaneously, at di�erent places, but with somecausal continuity. Each scene involves various agents who at that moment perform well-de�ned functions. These agents are subject to the accepted market conventions, but theyalso have to adapt to whatever has happened and is happening at the auction house atthat time. The principal scene is the auction itself, in which buyers bid for boxes of �shthat are presented by an auctioneer who calls prices in descending order {the downwardbidding protocol. However, before those boxes of �sh may be sold, �shermen have todeliver the �sh to the �sh market (in the sellers' admission scene) and buyers need toregister for the market (at the buyers' admission scene). Likewise, once a box of �sh issold, the buyer should take it away by passing through a buyers' settlements scene, whilesellers may collect their payments at the sellers' settlements scene once their lot has beensold.One important aspect of the actual �sh market {which can be transferred directly tothe electronic version{ is the presence of market intermediaries: the auctioneer, a marketboss, a receptionist, a credit o�cer. These intermediaries interact with buyers and sell-ers on behalf of the �sh market, and therefore have authority to request, acknowledge,dismiss or accept all the actions that sellers and buyers need to perform within the �shmarket. Furthermore, all those interactions between the market intermediaries and ex-ternal agents (buyers and sellers) can in fact be associated with standardized illocutions,some of which are probably tacit in the actual �sh market, but explicitable nonethelessin the computational model.FM96.5 has been designed to show the full complexity of those interactions whilekeeping as strong as possible a similarity with the ontological elements of the actual �shmarket. For instance, we have tried to identify computational agents in FM96.5 witheither buyers or sellers or actual market intermediaries {we identify agents not with func-tions of intermediation, but with actual persons{. We have also tried to mirror all actual�sh market illocutions, tacit or explicit, with agent illocutions that are always explicit.Market documents correspond to FM96.5 log inscriptions, and market instruments {boxes,remote control bidders{ are implemented as FM96.5 objects and classes (goods record,buyer interface, ...).In spite of this healthy mimetic intention, previous implementations of the Fishmarkethad shown us that a careful consideration was needed to represent computationally someaspects of physical reality4. We had previously realized that activation and closing ofthe market involved evident di�erences between the actual market and its computationalmodels. The appropriate implementation of collective speech acts {such as broadcastingand multicasting{ also required subtle analysis. In this version we decided to address theunderlying problems of identity and persistence of entities, subjective and objective time,and causation and e�ects of activity with a di�erent set of computational tools. We de-cided to use a more expressive concurrent programming paradigm and more general and3In this paper we will use the (lower-case) expression �sh market to refer to the actual, real-world,human-based trading institution, and the (upper-case) Fishmarket to denote the arti�cial, formal, multi-agent counterpart. Thus, FM96.5 refers to a particular implementation of the Fishmarket model of the�sh market.4Some references to previous work are reported in the last section of this paper,in [5, 11, 12] and in[19] , where in particular, FM96.5 is described in detail.



abstract computational constructs in the interest of achieving a realistic {i.e., robust, thor-ough, lively and sound{ computational model. In particular, three basic implementationdecisions were adopted from the start:� All agent interactions were to be performed on a reliable network5 .� Multithreading would be used to implement concurrency6 ; and� Object encapsulation and strong typing would allow for layering and modularisationof the speci�cation of agents and environment.In this version we chose to build internal (market) agents that correspond with actual�sh market intermediaries. Thus our agents should be able to perform several functions{sometimes even in di�erent scenes{ but should be able to manage precedence conditionsand keep track of pending actions and obligations towards other agents. Although ouremphasis in their construction has been functionality and performance, a certain degreeof layering was brought to their design but no abstract reasoning was implemented7.The market boss, in FM96.5, thus, ful�ls the prosaic function of a name server as wellas the more anthropomorphic ones of auction supervisor and ultimate authority in theauction house. An auctioneer takes care of the bidding process. Two buyer intermediariesare deployed in this version: a buyer admitter who handles identity and acceptabilityconditions of buyer candidates, and a buyer manager who takes care of the �nancialdealings and physical location of buyers. There are also two seller intermediaries, a selleradmitter who registers sellers and goods, and a seller manager who settles the sellers'accounts after an auction.External (non-market) agents may be agents of arbitrary complexity, even humanusers, but they participate in the �sh market always and exclusively through a standard-ized communication interface. Buyers in this version are handled through software incar-nations of a remote control device which receives all the (signi�cant) market illocutions,and transmits to the market only those illocutions that the buyer may express; always in astandardized form and only in scenes and moments when these illocutions are acceptable.Sellers, likewise, are always handled through similar nomadic interface-programs.Three market activities deserve special comment, for their treatment in FM96.5 hasbeen signi�cantly di�erent from what we had done in previous versions: activation, closingand bidding rounds.In FM96.5, activation of the market is started by the market boss agent who opensthe market place and establishes the identity of market intermediaries who are enabledby it to perform their intended functions 8. Once these intermediaries are activated,buyers and sellers may start entering those rooms where they would conduct business,but always subject to the �sh market behaviour and illocutory constraints. In fact, as5A network is said to be reliable if messages transmitted on it are never lost or duplicated, nor messagesequencing altered (e.g. TCP/IP) [4].6In fact we used Java threads with their priority operators {aware of their implicit limitations. Cf.[6].7We use the term layering (as in [11]) to indicate that the internal architecture of agents involvesvarious units that represent crisply di�erentiated attitudes.8In FM96.5 we still have a human user who triggers an activation command through which the marketboss agent is spawned and starting conditions for an auction {including number of sellers, products andproduct characteristics{ are passed.



soon as the market intermediaries are activated, they set up an agenda of pending actionsthat will correspond to sequential or concurrent actions (threads) they have the obligationto perform. These agendas are constantly updated since obligations are ful�lled by themarket agents and new actions may be inscribed in the agenda by a directive of themarket boss {for example: open a bidding round{, by a request from an external agent{e.g. update my credit line{ or by a delegation from another market intermediary {e.g.check buyer's credit status. In this way activity is propagated to di�erent scenes throughevents that are triggered sometimes by the market boss, sometimes by other marketagents, but many times by sellers or buyers as well.Market closing involves, also, some arti�ciality in FM96.5. The market boss may stopan auction through a closing declaration {whose triggering conditions are explicit, albeitvaried{ but actual closing requires that all pending actions of market agents be properlyterminated. Depending on the prevalent situation of the market at the time of the closingdeclaration, the termination process may be more or less involved. In order to avoidanomalous conditions, some careful bookkeeping of delegation of execution control and ofaction 
ow had to be implemented9.Likewise, the implementation of the �sh market's downward bidding protocol (asshown in Fig. 2 and Fig. 1) has been revised considerably. In this new version, syn-chronism is achieved not within each price quote {as in the actual �sh market room{but within the sequence of price quotations that are needed to sell one good10. By do-ing so, and thanks to the fact that a reliable network is assumed, fairness conditionsare preserved. Thus, premature bids, foot-dragging, and spoo�ng are adequately avoideddirectly by the protocol implementation, while malicious suplantation and snooping aredealt with through ad-hoc identity devices.3 Design IssuesFor FM96.5 we had two complementary objectives in mind. First of all we wanted arobust, stable version of the �sh market that we could expand or re�ne in a modularfashion in order to develop and test, systematically, our theoretical proposals on agentarchitecture, agent models, interaction protocols and structured environments. But wealso wanted a realistic example of an electronic auction house that could eventually bedeveloped into a commercially interesting product.Therefore, the guiding principles had to do with transparency, modularity, reusabil-ity and standardization on one hand, and, on the other, robustness, functionality andperformance. Evidently, the choice of tools and programming methodology was stronglydetermined by these principles.First, there was the matter of computing paradigm: Illocutions can be regarded as thebasic unit of analysis in the Fishmarket. In the actual-world �sh market, these illocutionsare performed by humans with some intention in mind and eventually change the state ofthe world in a way analogous to the way physical actions do (cf. e.g. [15]). In the elec-tronic Fishmarket, an agent performing an illocution can be computationally modelled asa client (speaker) contacting a server (receiver) and sending a message (illocution). In thesame way, an agent listening to an illocution (message) can be seen as a server (receiver)9FM96.5 is not provably fault-tolerant yet, but signi�cant security, integrity and failure-recovery fea-tures are built-in for that purpose.10That (complete) sequence is called a bidding round in this paper.



waiting for incoming communication requests from a client, performing the necessarycomputation (which eventually changes the state of the world) and perhaps returning ananswer to the client. Note that this client/server model is a computational model andis independent of the type of illocution. The fact that every illocution changes in someway or another the state of the receiver justi�es this very convenient implementationalsimpli�cation11.Among the competing paradigms (and technologies) for developing new client-serverapplications, distributed objects seem to be the leading force. Nonetheless, even thoughwe do like the many bene�ts of distributed objects, we do not believe that such a paradigmis the most suitable for modelling the type of agent interactions present within the Fish-market12. In the actual �sh market, buyers, sellers and market intermediaries utter il-locutions that trigger actions on the hearers. But it is important to notice that thedi�erent behaviours exhibited by the hearers are exclusively determined by themselvesas a response to incoming messages. From a computational point of view, all we need,then, is to bundle clients (speakers) messages and send them out, and it should be up toservers (hearers) to determine how to handle incoming messages. We see no bene�t fromendowing agents with the capability to invoke methods on remote objects since we do notintend that clients trigger actions on the servers' side but only that they provoke actionsto be triggered. Therefore, we prefer the model of clients' illocutions triggering actions inthe server, in contrast to clients invoking those actions directly.And then there is the matter of concurrence: One of the main features of the �shmarket is that it is composed of several, isolated scenes whose activities happen in aconcurrent way. But, notably, market intermediaries may be involved in tasks that happen(simultaneously) in di�erent scenes, (as depicted in Fig. 2). We modelled scenes as sets ofdistributed processes and gave to our market agents a multi-threaded architecture so theyare capable of both servicing requests and delegating tasks concurrently. For instance,the buyers' manager may be active enrolling several buyers in its list of buyers while atthe same time be involved in verifying whether a bid made in the current bidding roundshould be regarded as legal. Hence, we in fact model two levels of concurrence. On onehand, that corresponding to the concurrent activity of isolated scenes, modelled as a setof distributed processes. And on the other hand, the inner activity of each market agent,modelled as a multi-threaded process.Consequently, action-
ow in the Fishmarket is non-trivial. One should distinguishan agent-
ow corresponding to buyers and sellers moving from scene to scene, and acommunication-
ow caused by illocutions exchanged between agents. In order to modelthe mobility of buyers and sellers, we designed our scenes as virtual scenes made upof processes that might physically be running at di�erent sites but which are alwaysvirtually situated within the same scene. Buyers and sellers in FM96.5 have thereforethe impression of moving among scenes (e.g. from the admission o�ce to the auction11Two technicalities may be worth noting. First, this simpli�cation imposes processing costs: A costis paid in the interpretation of the illocution on the server side {di�erent illocutions trigger possiblydi�erent actions in the server{ and another cost had to be paid at the client side in order to producethe utterance of the illocution. Second, a true client/server model usually implies an explicit responsefrom the server to every request from a client. In FM96.5, for performance and transparency reasons, weactually build in a few illocution/action sequences in which servers give no explicit replies. But, theseare all reifyable as true client/server interactions.12It will be evident when we discuss the external agents' nomadic agent interfaces that the distributedobject approach is indeed quite useful for those devices.



Figure 1: The Fishmarket naive downward bidding protocol.



Figure 2: The Fishmarket downward bidding protocol. Naive communication 
ow.



room, from there to the settlements o�ce and so on) in the same way human buyers andhuman sellers would in the actual �sh market. As to the communication 
ow, we optedfor standardizing the structure of the messages being exchanged between agents. Eachmessage is regarded as a Java object containing a tag, information about the sender andthe contents of the message, which is in turn a Java object. The use of Java ObjectSerialization [25] allowed for serializing each message at the sender side and deserializingit at the receiver side in a straightforward way.And �nally, external agent interfaces: In order to achieve the most realistic implemen-tation of the auction house activity, we decided to standardize as much as possible allconceivable external agent interactions with the market. We took advantage of the highlystructured negotiation convention of auctions, and of the fact that in actual �sh marketsall bidding round interactions can be mediated through a remote control device. Thus, webuilt nomadic agent interfaces {a sort of electronic remote control devices{ that could beused as universal interfaces by buyer and seller agents. This nomadic interface is installedin the external agent's computer and becomes the only channel through which messagescan pass between external agents and market (internal) agents. Since the Fishmarketinteractions are all linked to illocutions, this interface is all that is needed, in principle,to participate e�ectively in the electronic auction house. But in fact, these interfacesful�l other necessary duties as well: they sustain the identity of participants, validate il-locution emission and reception, and, generally speaking, enforce the auction-house rules{including the bidding protocol13. It should be noted, then, that in FM96.5 there are re-ally no buyer or seller agents, only their nomadic interfaces. But through these nomadicinterfaces buyer and seller agents {developed and owned elsewhere or even human buyersor sellers{ can participate in electronic auctions. This is, we think, the kind of designCastelfranchi was suggesting :"...arti�cial agents can be designed, and they should be designed as rational.But they should also be integrated into human organisations, and be capa-ble to interact with their human partners in an adaptive and understandableway." [2].In our choice of tools, we pro�ted from our previous experiences too. Having alreadydeveloped prototypes using PVM and MPI for internetworking and C and EU-Lisp forother features, Java suggested relevant advantages [6] that were worth testing in theFishmarket implementation:� Java provides the advantages of object-oriented languages (reusability, modularity,encapsulation, etc.) and claims to be designed for maximum portability.� Its ease of programming and safety features help produce debugged code quickly.� Java is reported to be valuable for distributed network environments.13Obviously, this interface permits to address the security issues that would arise when arbitrary foreignagents (i.e. whose code we do not know) are admitted into the Fishmarket. In fact the nomadic qualityof the interface makes it possible for other external agents {and necessary for the agent who uses it{to prove a zero-information property, i.e. that through the interface no information of the market, norany information of the external agent can be transferred outside the interface, except for the one thatis explicitly stated by the interface. Note also that our nomadic interfaces are akin to the paymentand service cassettes used in the construction of the Java Wallet (cf. [24]), and can in fact be readilyconnected to them.
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Figure 3: A simpli�ed diagram of the communication-
ow between and within marketscenes� There is available an increasingly large collection of specialized packages which allowthe programmer to count on powerful tools to tackle distributed computing [25, 26,21], database connectivity [22], security [27], etc.Besides, given the recent industrial commitment and investment as well as generalizedcommercial activity around Java, it seems to us there is strong indication that Java maybecome a de-facto standard, therefore having permanence and complementary develop-ments that would facilitate taking FM96.5 to a product-level stage.4 ImplementationFM96.5 was developed as an object-oriented client/server distributed application whichis actually made up of a collection of Java applications that can run as both applets14 orstandalone applications. There is in fact a Java application for each of the agents depictedin Fig. 2. In addition, one separate package groups those classes de�ning data structureswhile another package contains those classes referring to client and server connectionscapable of reading and writing whole objects. The mechanisms of exception handling thatease the task of dealing with network error conditions are encapsulated within this lastpackage. We utilised JDK 1.0.2, and Java Object Serialization [25]; on a LAN composedof a SUN SPARC/20, several SUN SPARC/5 and a few Macintosh and PCs.14These applets can be activated from browsers such as Netscape and HotJava.



Each market agent works as a multi-threaded process with a graphical user interface.This multi-threaded architecture allows market agents to service several message-shapedrequests concurrently. Nevertheless not all requests are handled in the same way. Thereare requests that are regarded to be more important than others. Threads servicingdi�erent types of requests are started o� with di�erent priorities. Therefore, a marketagent would give the highest priority to what it contemplates as the most important tasks,then to requests made by other market agents, requests made by buyers and sellers and,�nally, the closing request emitted by the market boss.Perhaps the major challenge from a technical point of view was the design of the pro-tocols involved in the main activities in the market - activation, bidding round and closing- since they implied the co-ordination of the activities of sets of distributed processes:(i) Activation: The market boss agent acts as a central name server. Once the marketboss agent starts, the rest of market agents are forced to check in at the boss' o�ceby identifying themselves and later on ask for the addresses of those market agentsthat they will work with. Although an auction cannot take place until all the marketagents check in, the market does not remain inactive until that condition occurs.In fact, buyers and sellers might start entering the market as soon as the admittersare ready.(ii) Bidding protocol: We can identify several situations that may arise during eachbidding round in the �sh market:{ Proper sale. When a single buyer submits a bid that his credit can support, itis turned into a sale.{ Unsupported bid. When a buyer submits a bid that his credit cannot guaran-tee. The buyers' manager �nes this bidder and the round is restarted by theauctioneer who calculates the new starting price by increasing 25% the pricewithin the bid.{ Collision. When two or more buyers simultaneously submit the same bid. Theauctioneer declares a collision and restarts the round. Again, the new startingprice is calculated by increasing 25% the collision price.FM 96.5 implements faithfully all theses cases, plus two more:{ Expulsion. When a buyer is overdrawn and cannot back up a �ne, he is sento� the market and the round is restarted as usual{ Minimum price. Each good is assigned a minimum price when passing throughthe sellers' admitter o�ce. If minimumprices are reached, the round is restartedas usual.Finally, it is worth noticing that FM 96.5 will start or restart a round only whenthe boss authorises the auctioneer. We implemented minimality conditions on thenumber of buyers present and the goods to be auctioned.Our main concern when implementing the downward bidding protocol has been toensure fairness while preserving realistic response time15. In FM96.5 we achieve it15In the �sh market this corresponds to time delays between prices that are short enough to be im-perceptible to human buyers but long enough to allow for collisions (i.e. one or two seconds betweensuccessive prices).



{without supposing common �xed delay intervals{ through a clever alternative tocommon clocks.In FM 96.5 we regard the termination of a bidding round as the synchronisationpoint of the round participants. All buyers receive syncopated price sequences. Ifa buyer is going to submit a bid, he will signal this as soon as the price quotationreaches his target bid. The signal sent back from the remote control device to theauctioneer includes the price at which the buyer signalled his intention and thetime stamp. As soon as the auctioneer receives a bid, he multicasts to the buyers'remote control devices the information that a bid is in, which these devices mustacknowledge. Since we can assume a reliable network, the order in which messagesare transmitted is never altered, thus the auctioneer must receive any delayed bidsbefore we receive the corresponding acknowledgements from these bidders. Hencewe have the standard two cases:{ Proper sale. One bidder{ Collision. Multiple bidders at the same priceand a new case:{ Multiple bidders at di�erent prices. In this case, the highest price bid wins ifthere is just one, or we restart as usual.To understand our current implementation of the bidding protocol, it may provehelpful to regard downward bidding rounds as competitions for a unique resource(the good being auctioned). This turns out to be similar to the problem of distributedmutual exclusion ( [3]) with a slight di�erence: distributed mutual exclusion involvesa single process being given the right to access shared resources temporarily beforeanother is granted it, whereas a bidding round involves a single process being giventhe right to acquire resources that will not be shared with the rest of the processes.Therefore it is not surprising the many features our bidding protocol has in commonwith Ricart and Agrawala's distributed algorithm using logical clocks to implementmutual exclusion [14]. In fact, it is possible to prove that a given implementation ofthe downward bidding protocol is correct using an adaptation of Lynch's formalismfor I/O Automaton correctness proofs [9].(iii) Closing: We could brie
y summarise the termination of the market in the followingsteps:1. The boss sends a closing signal to the auctioneer (the boss has the right toclose the market at any time).2. The auctioneer acknowledges this closing signal as soon as the current biddinground is over.3. The boss multicasts a closing signal to the rest of market agents.4. Buyers' admitter and sellers' admitter close the doors of the market to buyersand sellers intending to enter by rejecting their requests.



5. Lastly all the market agents engage in a co-ordinated activity which basicallyconsists in �nishing o� all pending activities before de�nitively terminating. Inthis sense it is important to highlight that any market agent cannot properly�nish until all pending requests have been dealt with, all pending serviceshave been provided and all potential clients have indicated no further need forservices. Each market agent will keep track in its agenda of pending obligationsand active agents so as to determine what remains to be done when a closingsignal is received from the market boss.Let us, �nally, draw attention to buyers' and sellers' nomadic interfaces. These devicesare versatile. First, they allow the user to determine the scene (or virtual location) where itwants to be active (external agents can only act {or more properly, engage in dialogue withmarket agents{ at one place at a time). Secondly, depending on the speci�c location, andthe prevalent market conditions, it displays market information and habilitates dynamicinterface windows {and buttons{ through which the external agent receives and transmitsthe pertinent standardized illocutions. Finally, since these devices are market-owned,some accounting, liveness and security functions are performed in the background andtransmitted to the market agents. Note that these remote control devices are coupledwith a graphic interface when dealing with human agents, while when interacting withexternal software agents they transmit and receive message-shaped illocutions betweenthese external and the internal market agents.It is important to notice that these FM96.5 nomadic interfaces convey to buyers andsellers other information that human buyers and sellers in the �sh market would haveavailable in situ. For instance, buyers receive the list of participating buyers (whichwould be seen by a human buyer taking part in the auction), the list of auctionable goods(which are scattered over the 
oor in the auction room), details of the next good to beauctioned, and his own current credit and the list of purchases.5 Final RemarksAs commercial use of the Internet grows, new services that combine traditional auctiontechniques with web-based technology have started to appear leading to a number ofelectronic auctions of a naive type. These are being used to trade di�erent goods: vintagerecords [31], computers and electronics [32], art [34] objects in general [29, 30, 33]16.Buyers and sellers interactions are in most of these cases quite natural and simple:� Goods {which may be inscribed directly by external sellers [29, 30, 33], or otherwiseobtained by the auction house{ are catalogued and even sometimes displayed {electronically and/or physically{ before and during an auction.� After registering in a given auction {usually a simple e-mail inscription{ a buyercan submit his bids either by e-mail ( [31, 32, 33]), by fax ( [31, 32]), by submittinga web-form ( [29, 30, 34]) or even by post ( [31]).16We should acknowledge that other forms of electronic auctions have been developed recently. On onehand, there are actual auction simulation environments like FCC [1, 8], whose purpose is to train biddersor to test innovative bidding protocols and trading mechanisms(cf. e.g. [16, 17, 18]). On the otherhand, electronic auctions have been used as coordination mechanisms in market-oriented programming.Although these developments have many points of contact with our own project, a full comparison isbeyond the scope of this paper.



� Payments are usually through credit cards, and sales are de�nite up to actual pay-ment, but most of the time the physical transactions (actual payments) are explic-itly relinquished by the auction houses. Some sales are defeasible if protested {andproperly supported{ within a period of time [33, 34].� Most service providers adopt a rather primitive sealed-bid English auction protocol{the item goes to the highest bidder{ except for [32], which o�ers several auctionformats (Yankee auction, Dutch auction, Straight sale, Buy or Bid and EnglishAuction), [29] which has an on-line simpli�ed English auction, and [34], whoseonly auction format is Buy or Bid.� The evolution of each bidding round is displayed on a browser [29, 30, 32, 33] orsent by e-mail [29, 30, 31, 32, 33, 34]to participating buyers.� In most cases, single bidding rounds are open for an extended period of time {upto a couple of months; the exception is [29] that allows for more lively biddingrounds{ and terminate on a previously announced closing date, though sometimesthe auctioneer determines when a bidding round closes.� Security is an important concern in some of these applications: [29, 32] and handlesecurity by utilising the Netscape Commercial Server which uses the HTTPS pro-tocol to encrypt bids; whereas [30] uses a validation code for bidder identi�cationin each auction.These naive electronic auctions are probably adequate for the type of products theytrade. But there are many di�erences between these naive electronic auctions and ourFishmarket implementations, and some may be signi�cant for many types of web-basedtrading. Apart from those that have to do with their purpose and operation {these naiveauctions do trade actual goods in the real world, ours is still an academic prototype{ themost signi�cant di�erences have to do with performance and accountability.First, the performance of FM96.5 is signi�cantly better than those of naive auctionsin two respects: vivaciousness and functionality. Depending on the type of good tobe traded and its market conditions, the speed at which bidding takes place may altersigni�cantly the strategy {and decision making process{ of buyers. FM96.5 can registerbuyers and perform auctions in the same frenetic speeds at which non-naive traditionalauctions take place; something that is impossible in all these naive auctions (exceptpossibly for AUCTIONLINE), while FM96.5 can also handle long-term bidding roundswithout any di�culty. Similarly, the Fishmarket has a more complex structure than thesenaive auctions: our development has taken special care about modelling and automatingthe several scenes making up the �sh market, however, most naive auctions seem to relyupon a centralised service which acts as admitter, auctioneer and, some times, even asthe accountant.Second, accountability. We do identify and take care of multiple conditions that eithershould or should not happen in auctions: Those that are inherent on the auction houseconventions, those that are inherent in the interactions among participants and thosethat depend on the implementation of these conditions and interactions. For example, abidding protocol should be fair in the sense that all participants may bid under identicalconditions, and may be required to be synchronic in the sense of assuring equal timingfor each price quotation for every bidder or vivacious (fast price changes) or private (not



Version Place Basic Tool Concerns AdvantagesFM96.0 IIIA Netscape Fast development DemonstrabilityFM96.1 IIIA & Naples PVM Synchronisation, Bidding protocol Proof of conceptFM96.2 IIIA-Bath MPI/C Open Network PortabilityFM96.3 IIIA-Bath MPI/C More agents, Market functionality Isolated ContextsFM96.4 IIIA-Bath EU-Lisp/MPI Agent interactions ExpressivenessFM96.5 IIIA-Bath JAVA Modularity, concurrency, Full functionalityfunctionality, fairness, Robustnesslivelihood of protocol ExpandabilityTable 1: Implementations of the Fishmarket Environmentrevealing bidder identities). Thus naive auctions may function adequately for simpleone-round sealed-bid protocols or for very quiet bidding rounds. Meanwhile, FM96.5 canhandle more elaborate transactions, and numerous lively rounds only assuming TCP/IPcommunication. Finally, as indicated in section 4, we have not only an empirical wayof addressing anomalies, but also a formal framework through which we can characteriseand prove that many of these conditions hold, or not, in a given implementation. Thusfundamental issues such as fairness or privacy can be obscured in naive auctions17, butbecome clearly guaranteed in FM96.5.These advantages did not come for free. They are the result of a systematic analysis ofa more general problem {that of structured agent interactions{ and the empirical testingof the conviction that multi-agent systems can be fruitfully applied to model and automatesocial interactions, such as the ones present in trading. In [5] we presented a prototypeimplementation of a simple version of the �sh market. FM96.5 is a far more thoroughimplementation. In between we have addressed di�erent aspects of the problem, and gonethrough the exercise of exploring speci�c technical or methodological issues (as shown inTable 1).We are currently developing a few extensions of FM 96.5. The �rst one concerns theimplementation of alternative bidding protocols (English, FCC, MexTR, etc.), in order tohave a general electronic auction platform. Second, the development of intelligent buyerand seller agents capable of exhibiting di�erent trading behaviours. And, as a comple-mentary task, we are also engaged in the development of analysis tools that will serve twomain purposes: to help debug future releases of FM 96.5 {and other structured multi-agentenvironments{ and to run simulations that o�er the possibility of testing agents aptitudesand studying the emergent behaviour of the market as a whole18 These developmentsare part of a research programme addressed at the exploration of agent-mediated insti-tutions, where accountable trading and negotiation interactions are our main focus [35].This programme shares many concerns with the market-oriented programming approach,17All the naive auctions cited happen not to be strictly fair. Those bids arriving after the closingdate are rejected {irrespective of the reason for that delay{ although bidders might have expressed theirintention to bid before that time.18Some future developments are more mundane: Among the many features of JDK 1.1, we �nd par-ticularly useful the Java Database Connectivity modules [22]. As was mentioned above, our marketagents keep track of pending obligations through an agenda; with JDK 1.1 features we plan to makethese devices persistent. This will allow for the implementation of databases of transaction informationin a similar fashion to that proposed in the speci�cation of the Java Electronic Commerce Framework[24]. Finally, although our implementation does not address secure transactions issues, we plan to tacklethem in the near future with the aid of the SSLava toolkit [27].
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