
Intelligent Agents in Virtual EnterprisesKlaus Fisher, J�org P. M�uller�German AI Researh Centre | DFKI GmbHStuhlsatzenhausweg 3, D-66123 Saarbr�uken Ingo Heimig, August-Wilhelm SheerInstitut f�ur Wirtshaftsinformatik (IWI)Im Stadtwald, D-66123 Saarbr�ukenAbstratDereasing innovation yles, hanging market situations as well as growing spe-ialisation in individual market segments demand new ways of eonomi thinking,inreasingly foring enterprises into ooperations, sometimes even with diret om-petitors. Presently disussed and designated as the orporate and ooperation modelof the future is the so-alled virtual enterprise.In this paper, we advoate the use of intelligent agents as a useful metaphor andas a software engineering methodology for the design and the operation of virtualenterprises. We fous on how agents an support the ooperative proess of settingup virtual enterprises through the Internet by performing tasks suh as presentation,information retrieval and extration, and the partiipation in autions in eletronimarkets. This paper does not desribe ompleted researh; it rather o�ers a per-spetive of the high potential of agent-based tehnology for one of tomorrow's keyindustrial areas by presenting the main objetives of the new researh projet AVE(Agents in Virtual Enterprises).1 IntrodutionAfter visiting a restaurant of an Amerian fast-food hain, Bill Gates deides | inspiredby the striking ontrast between the olourful, appetising burger adverts and between thetaste of the limp, tasteless something he had atually eaten | to use the marketing-power of the gastronomy enterprise for his purposes and determines to initiate a virtualenterprise (VE) to build the MaDonalds Computer. He ontats his seretary, who |supported by her intelligent assistant agent | de�nes the produt requirements by usingthe VE-management system, and who orders her agent to announe the result in theInternet to interested parties. The next day already | after a short eletroni negotiationbetween potential partners | the enterprises INTEL, IBM, BurgerKing, and Woolworthare hosen as the orporations that �t the goal spei�ation best. The produt is quiklyrenamed BurgerKing Computer, the enterprises reeive eletroni ontrats and just onemonth later BurgerKing starts with the marketing of the produt. The omputer-supportedreation of virtual enterprises in a \plug and play" fashion allows INTEL, IBM, andMirosoft to start the prodution within one month, whereas employees of BurgerKingdesign the marketing strategy and Woolworth's sales department prepares for the newprodut.�E-mail: jpm�dfki.uni-sb.de



Certainly, this example is still a vision and some years away from reality; however,it illustrates the immense potential for the omputer-supported assembly and operationof virtual enterprises before the bakground of the rapid development of InformationHighways and the worldwide ross-linking of information systems.A notion urrently gaining exploding interest is that of intelligent agents, i.e., aordingto [Wooldridge & Jennings 95℄, omputer systems that autonomously perform tasks in anopen environment, that are re- and pro-ative, and that are able to interat with otheragents. Reently, the key role of agent tehnology in the giganti information systemInternet has been reognised (see [Etzioni & Weld 94℄, [Maes 94℄).In this paper, we advoate the use of agent tehnology as a metaphor and an engi-neering paradigm for a variety of issues entred around the design and the operation ofvirtual enterprises. We present a distributed arhiteture for an eletroni virtual enter-prise market using the Internet as a vehile. We desribe a new researh projet AVE(Agents in Virtual Enterprises) the result of whih shall be an agent-based methodologyand set of tools that enable the human produt manager(s) to generate and formalise goaldesriptions for virtual enterprises, to �nd potential partners in the net, and to agree ona struture of a virtual enterprise through a negotiation proess. Our laim is that allof these proesses an and should be substantially supported by agent tehnology. Thus,this paper does not desribe a piee of ompleted researh, but it rather o�ers a newperspetive of how intelligent agents tehnology an be used in one of tomorrow's keyindustrial areas.2 Virtual EnterprisesCurrently, the time interval within whih a produt an be marketed suessfully is dra-matially dereasing; therefore, enterprises are faed with hard terms of ompetition.Dereasing innovation yles, hanging market situations as well as growing speialisa-tion in individual market segments demand new ways of eonomi thinking, inreasinglyforing enterprises into ooperations, sometimes even with diret ompetitors. These o-operations enable enterprises to share skills, osts, aess to one another's markets andresoures and, at the same time, derease the risk of investments. Presently disussed anddesignated as the orporate and ooperation model of the future [Byrne et al. 93℄ is theso-alled virtual enterprise (VE). (See [Arnold et al. 95℄ for a distintion between virtualenterprise and other ooperation models.)2.1 De�nitionThe term virtual enterprise is generally attributed to Mowshowitz [Mowshowitz 86℄, whoestablished a parallel between it and the term virtual memory as it is used in informationtehnology. The term obtained its urrent importane for business eonomis from Da-vidow and Malone's landmark book [Davidow & Malone 92℄. In [Byrne et al. 93℄, Byrnede�ned the virtual enterprise as a temporary network of independent ompanies to shareskills, osts and aess to eah other's market. Throughout this paper, we de�ne a virtualenterprise along the lines of [Arnold et al. 95, p. 10℄:A virtual enterprise is a ooperation of legally independent enterprises, insti-tutions or individuals whih provide a servie on the basis of a ommon un-



derstanding of business. The ooperating units mainly ontribute their oreompetenes and they at to externals as a single orporation. The orporationrefuses an institutionalisation e.g., by entral oÆes; instead, the ooperationis managed by using feasible information and ommuniation tehnologies.1
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	 shaded areas: 	core competences
	 A i, Bi, Ci, Di, Ei: partial processes of enterprise iFigure 1: A virtual enterpriseFigure 1 illustrates this de�nition. Enterprises 1{4 form the independent units, whihwork together within a value hain of �ve steps and provide the partial business proesses2Ai to Ei (the servies mentioned in the de�nition). Partial proesses that inlude theorporations' ore ompetenies are represented in Figure 1 with a shaded bakground. Aore ompetene (see also [Quinn & Hilmer 95℄) is de�ned as the skills, tehnologies andknow-how that are ruial for the suess of an enterprise and that enable the ompanyto produe and o�er a marketable produt.2.2 Setting up virtual enterprisesBeause in a virtual enterprise individual enterprises ful�l only parts of the value hain toprodue the produt, the main problem in assembling a virtual enterprise is the mappingof the partial proesses to the individual enterprises. It an be divided into two phases:In the �rst phase, a suitable business proess partitioning (see [Ho�mann et al. 95, pg.11{13℄) is worked out. In the seond phase, the proess hain of the virtual enterprises isassembled and instantiated.1Translated from the German original.2These business proesses shall be alled partial proesses to distinguish them from the global proessdesribing the VE.



The problem under onsideration in the �rst phase is at what positions of the valuehain suh a partitioning is sensible. The solution of this problem is failitated by auniform desription formalism for partial proesses. The ARIS methodology developedby Sheer is suh a uniform framework for desribing and modeling business proesses (see[Sheer 92℄, [Sheer 94℄, and Setion 6). Partial proesses are rated based on lassi�ation�gures that quantify the variety of eonomi and tehnial realities. One possibility forevaluating the individual enterprises and their partial proesses, respetively, is a proess-related model for lassi�ation �gures [Aihele & Kirsh 95℄. It is disussed in Setion6.4.In the seond phase, the partners for the virtual enterprise are seleted. It an bedivided into four subphases:� Identi�ation of potential partners.� Generation of alternative mappings from partners to partial proesses.� Evaluation of the strategi interest and risk, respetively.� Finalisation of partners and mapping to partial proesses.Our fous in this paper is on the seond phase and on the possibilities of how agenttehnology an support this phase. This support is neessary beause today's enterprisesoften do not know when, where, and in whih way to ontribute to a virtual enterprise.Existing information markets does not o�er suÆiently strutured and synopti informa-tion. This applies espeially to the World Wide Web (WWW). For an eÆient usageof the huge amount of information, tools need to be developed to support enterprises in�nding markets and partners, and in the deisions as to founding or joining a virtualenterprise.The information that is neessary for an optimal exeution of the seond phase isgeographially and organisationally distributed. Moreover, some enterprise-spei� infor-mation (e.g., lassi�ation �gures and evaluation funtions in the third step) are on�den-tial. Thus, setting up a virtual enterprise is a multiagent deision problem, where eahenterprise is an autonomous agent.3 Agent TehnologyThe inreasing omplexity of organisations and omputer-ontrolled tehnial proessesand systems makes it impossible to design them as monolithi entities and to maintain andmonitor them by a entralised ontrol. The rapid development of agent-based tehnologiessine the beginning of the 1990s (see [Wooldridge & Jennings 95℄ [Wooldridge et al. 96℄)has to be viewed in the light of these requirements.3.1 Agents and multiagent systems: de�nition and appliationsAgents are autonomous or semi-autonomous hardware or software systems that performtasks in omplex, dynamially hanging environments. Autonomy means the ability tomake deisions based on an internal representation of the world, without being ontrolled



by a entral instane. Agents ommuniate with their environment and e�et hanges intheir environment by performing ations.A multiagent system (MAS) onsists of a group of agents that an take spei� ro-les within an organisational struture. The step from isolated single-agent senarios toopen multiagent systems o�ers the new quality of emergent behaviour : the group ofagents is more than the sum of the apabilities of its members. Researhers have madeuse of this property to build systems for omplex appliations like airport management[Rao & George� 95℄, traÆ ontrol and transport logistis [Fisher et al. 96℄, advaned ro-botis systems [Bonasso et al. 96℄, and distributed eletriity management [Jennings 94℄.3.2 Agent ArhiteturesIn order to ope with these diÆult tasks, agents need basi apabilities, suh as reativity,deliberation, eÆieny, the ability to interat with other agents, and adaptability. Overthe past few years, the development of ontrol arhitetures that allow to design agentswhih an meet these requirements and whih an deal with the trade-o�s involving e.g.,the reoniliation of reativity and goal-direted reasoning for resoure-bounded agentshas beome an important theme of researh. Examples are [Firby 89℄, [Hayes-Roth 95℄,and [Bonasso et al. 96℄. In the following, we shall briey explain the agent arhitetureInteRRaP, whih was developed at the DFKI to design autonomous interating agents(see [M�uller & Pishel 94℄, [M�uller 96℄), and whih will form the basis of the design ofagents in the AVE projet (see Setion 6).
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Figure 2: The InteRRaP Agent ArhitetureFigure 2 illustrates the struture of the arhiteture. InteRRaP desribes an agent



by a world interfae, a ontrol unit, and a knowledge base (KB). The ontrol unit onsistsof three layers: the behaviour-based layer (BBL), the loal planning layer (LPL), and theooperative planning layer (CPL). The agent knowledge base is strutured orrespondinglyin a world model, a mental model, and a soial model.The di�erent layers orrespond to di�erent funtional levels of the agent. The purposeof the BBL is to allow the agent to reat to ertain ritial situations (by so-alled reatorpatterns of behaviour (PoB)), and to deal with routine situations (using proedure PoB).Reators are triggered by events reognised from the world model that inorporates theagent's objet-level knowledge about its environment. The LPL gives the agent the abilityof longer-term deliberation. It builds on world model information, but additionally usesthe agent's urrent goals and loal intentions maintained in the mental model part of theknowledge base, as well as domain-dependent planning mehanisms available. The CPL�nally extends the planning funtionality of an agent to joint plans, i.e. plans by and/orfor multiple agents that allow to resolve onits and to ooperate. Apart from worldmodel and mental model knowledge, the CPL uses information about other agents' goals,skills, and ommitments stored in the soial model of the knowledge base.4 An Eletroni VE MarketToday's global ommuniation networks enable information markets for a goal-diretedexhange of information, servies, and produts. This development is direted towardstrade-spei� information boards that are maintained in spei� Internet nodes, so-alledinformation servers. An information server an solve the general problems of informa-tion retrieval and information �ltering (extrating the relevant part of information fromhuge amounts of data) (i) by spei� searh engines or software agents [Daigle et al. 95℄that atively searh through the net, or (ii) by allowing lients that intend to provideinformation in the Internet to register at the server.In the ase of VE management, suh servers an be used by individual enterprisesto announe and to obtain relevant information. Important funtions of an intelligenteletroni VE board are the following:� Colleting goal spei�ations and o�ers (autonomous o�-line information retrie-val/�ltering).� Answering requests on-line by appropriate o�ers.� Automati information of requesters in ase earlier requests to the VE board ouldbe suessfully mathed with new o�ers.Figure 3 illustrates the system arhiteture of an intelligent eletroni VE market.The heart of this system is a trade-spei� information server that maintains the VEboard, and the servies of whih an be aessed by di�erent ompanies. These anobtain information from the VE board by ommerial standard software. Additionally,there is a higher layer of software support for these ativities: the human deision-makeris supported by intelligent assistant agents (IAAs) [Maes 94℄. In Setion 5, we disusspossible areas of appliation for IAAs and in partiular those based on the metaphor ofan eletroni market.



Note that the assistant agents in Figure 3 are optional: we require that those humanusers who do not have suh an agent (e.g., enterprise B in Figure 3) an also use theservies of the VE market. This plaes some ruial requirement on the design of thesystem; e.g., the design of ommuniation and negotiation has to take into aount thefat that humans may be involved in the proess and have to understand the messages.At least, the information servers need to provide standard forms that users an �ll out byusing ommerial WWW browsers.
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Figure 3: System arhiteture of an intelligent eletroni VE marketAn important funtion in the formation of a virtual enterprise is the produt manager,who oordinates the seletion of partners and the assignment of partners to partial pro-esses. His ativities require a high level of oordination and ommuniation with otherpartners in the virtual enterprise; in partiular, it annot be assumed that all the infor-mation required for the deision proess is entrally available to the produt manager.Thus, his role is that of a oordinator within a deentralised system who is an expert inhow to assemble a virtual enterprise rather than that of a entral, omnisient instane.In Figure 3, enterprise A takes the role of the produt manager. In other examples, thisrole an be distributed over di�erent partners in the virtual enterprise.The produt manager an be supported by using agent tehnology. Its main funtionsan be adopted by IAAs in a (semi-)autonomous fashion: The identi�ation of potentialpartners and the mapping from partners to partial proesses an be implemented byaution mehanisms that are initiated by the produt manager, who also plays the role ofthe autioneer. The partiipants in the aution reruit themselves from the set of the userswho are registered at the server. The autioneer announes di�erent partial proessesof the virtual enterprise to be assembled, and individual enterprises (or: oalitions ofenterprises [Shehory & Kraus 95℄) an bid for these partial proesses; the value of a bidis given by spei� lassi�ation �gures (see Setion 6.4).



5 Intelligent Assistant AgentsIn [Mullen & Wellman 96℄, Mullen and Wellman desribe three general funtions of soft-ware agents in virtual market environments: the identi�ation of goods and servies(omparable to retrieval, �ltering and extration tasks of assistant agents), the solutionof optimisation problems (maximising pro�ts for produers, and maximising utilities forustomers), and the management of bidding strategies in negotiation proesses. In theVE domain, these funtions are extended by additional assistane and presentation tasks.In this setion, we fous on the support in setting up virtual enterprises.5.1 Setting up virtual enterprisesAs shown in Setion 2.2, the assembly of a virtual enterprise is done in two phases. Inthe �rst phase, the produt and the partial proesses are de�ned. In the seond phases,partners are seleted and mapped to partial proesses. In the following, the individualproblems to be solved in the two phases shall be disussed in more detail.The main idea of the agent-oriented approah to the formation of virtual enterprisesis to look at this proess as a multiagent deision problem. The distributed solution ofthis problem is done in four steps:1. Goal spei�ation: desription of the global proess, i.e., of the produt or servieto be delivered by the virtual enterprise.2. Deomposition: mapping of the goal spei�ation into partial proesses.3. Alloation: seletion of potential partners and mapping of partners to the partialproesses identi�ed in the deomposition step.4. Synthesis: de�nition of the global proess by the omposition of the partial proessesinstantiated in the alloation step.The individual steps are disussed in the following.5.1.1 Goal spei�ationAs illustrated in the introdutory example, virtual enterprises are produt-driven. Thus,the desription of a virtual enterprise is given by a spei�ation of the attributes of theprodut or servie to be delivered. Relevant attributes an be ost, quality, prie, markets,quantity of sales, delivery time, as well as onstraints on the partiipants in the enterprise.The goal spei�ation is an expert task that we expet to be very hard to formalise, andthus to fully automate. However, IAAs an support the human produt manager in thedesign of the goal spei�ation by performing assistant tasks: for example, in most ases,the goal spei�ation is based on a ooperation proess itself and involves interation withother enterprises. This ooperation an be supported by CSCW and Groupware tools.5.1.2 DeompositionIn this step, starting from the goal spei�ation, the relevant partial proesses are identi-�ed and formalised using a suitable modelling tehnique, suh as ARIS. Most of this task



is to be done by humans being assisted by IAAs; however, there is urrent researh on au-tomating (or at least: on giving better support to) these business proess (re-)engineeringtasks (see [Sheer 94℄). Depending on the omplexity of the problem and on the strutureof the agents involved, the deomposition step an be arried out either in a entralisedor in a deentralised way, the latter involving ooperative engineering ativities.5.1.3 AlloationAfter the deomposition step, the partial proesses need to be distributed to the agentsthat ould potentially ontribute to their implementation, and an alloation of partialproesses to appropriate parties must be found. This involves three subsequent ativities:� Seletion of potential partners.� Distribution (announement) of the partial proesses to potential partners.� Seletion of partners to perform the individual proesses.The �rst ativity an be supported by the VE board and by information seeking agentsthat interat with presentation IAAs of individual enterprises. The latter ativities de�nethe alloation problem in a strit sense. A entralised solution to the alloation problemsdesribed in eonomis and multiagent systems literature are aution mehanisms. Theyshall be disussed in more detail in Setion 5.2.Note that the alloation and deomposition steps annot be assumed to be inde-pendent, in general. On the one hand, the given alloation options (available resoures)restrit the reasonable deompositions; on the other hand, deomposition deisions learlyrestrit the possible alloations.In the deomposition and alloation step the human produt manager an be sup-ported by a produt manager agent with funtionalities inluding (i) retrieval of relevantinformation, e.g., existing VE announements mathing the ore ompetenes of the en-terprise; (ii) formulation of new VE o�ers; (iii) support of the bidding and evaluationproesses; and (iv) autonomous performane of spei� negotiation tasks. In the follo-wing, we assume that eah virtual enterprise has one initiator, who also takes the role ofthe produt manager. The eletion of the produt manager is done a priori by the partiesinvolved3.The initiator announes goal spei�ations on the VE board. Interested parties o�erspei� partial proesses, or deliver bids for partial proesses mathing parts of a goalspei�ation. Information �ltering agents an support the human produt manager e.g.,by direting their attention to interesting o�ers.The alloation step an be done in two ways: In horizontal alloation, the individualenterprises omplement one another in their servie o�er, i.e., di�erent enterprises overdi�erent partial proesses. In vertial alloation, a single partial proess is overed by agroup of enterprises. Vertial alloation is neessary if the individual parties� annot ompletely over the funtionalities neessary to implement an individualpartial proess;3This proess and the interation proesses that it involves an be run in a omputer-supported fashion;this, however, shall not be detailed in this paper.



� annot provide the required apaity, e.g., the amount spei�ed in the goal desrip-tion;� need to support eah other in order to provide the required quality.5.1.4 SynthesisThe last step inludes the omposition of the partial proesses that were mapped toappropriate partners during the alloation proess to a proess that reets the totaladded value of the virtual enterprise. A major pratial problem in this ontext is thatthe partial proesses to be onneted may run in di�erent geographial and organisatorialenvironments at di�erent enterprises within the virtual enterprise. Thus, onneting twopartial proesses Pi and Qj performed by enterprise i and j, respetively to a globalproess � = f(Pi; Qj) in general annot be obtained by simple omposition of the form� = QjÆPi. Rather, it is a omplex business proess re-engineering task, as both proessesmust be modi�ed to �t together smoothly. However, it an be substantially simpli�edby restriting the form of business proesses by a uniform desription formalism or byprede�ned referene models [Sheer 94℄.5.2 Aution mehanisms in VE formationA metaphor of inreasing importane is that of a olletion of agents in a virtual eonomisystem [Mullen & Wellman 96℄. This metaphor was suessfully used to a variety ofdistributed resoure alloation problems. Autions (see also [Murnighan 91, pp. 84�℄)are a useful mehanism of interation for the agents in suh a system.In the ontext of the formation of virtual enterprises, autions an be used to imple-ment the alloation step desribed in Setion 5.1. Here, the produt manager has therole of the autioneer, the subjet of the aution are individual partial proesses, and thebidders are enterprises that are interested in ontributing these partial proesses to thevirtual enterprise.In the literature, di�erent aution forms were proposed (see e.g., [Murnighan 91℄). Adistintion is made between open and sealed-bid autions. In open aution, bids are madepubli and the bidders know eah other's bids. In sealed-bid autions, the submissionsare known only to the autioneer. The most important open autions are the English andthe Duth aution. In the ase of sealed bid aution, we distinguish between �rst-prieand seond-prie autions.English aution The highest bidder wins and pays the bid it announed. The autionis �nished if no new bids are submitted. In some variations, the autioneer mayspeify a reservation prie, i.e., a lower bound for aeptable bids.Duth aution In this aution form, the autioneer posts the prie to pay. In general,the Duth aution starts with a high prie; it is gradually lowered. The �rst bidderwho aepts the prie wins.First-prie aution In this sealed-bid aution type, the autioneer awards the bidderwhih gave the highest bid; the bidder has to pay the prie it bidded. This autiontype is an analog of the Duth aution, sine eah bidder has to speify the prie itis willing to pay, and it atually pays that prie in ase it wins.



Seond-prie aution (also alled Vikrey's mehanism [Vikrey 61℄): As in the �rst-prie aution, the highest bid wins; however, the winning bidder has to pay theseond-highest bid prie. This is the sealed-bid analog to the English aution: abidder must only beat the next highest bidder to win; therefore, it may be willingto pay more than its last bid.Theoretial results state that all of these aution forms are eÆient and equivalentin a sense that the autioneer annot gain any advantage by seleting a spei� form.However, experimental analyses showed that, if bidders are risk-averse, the Duth or�rst-prie aution often generate the highest selling pries. On the other hand, (human)bidders in a seond-prie aution generally bid higher than in a �rst-prie aution.The onrete hoie of an appropriate aution mehanism depends on the respetivemarket situation. Thus, in a market with a large number of bidder, the autioneer willoften yield the best result by using an open aution form. Moreover, the result of anaution depends on fators suh as whether the bidders are risk-neutral, how the value ofthe objet is evaluated, and whether the autioneer publiises information about the valueof the objet (whih, in general, stimulates the bidding of agents with a low evaluation ofthe objet). Furthermore, data privay aspets need to be taken into onsideration; theyan enfore a sealed-bid aution type in ase e.g., individual enterprises are not supposedto know eah other's bids (given by lassi�ation �gures, see Setion 6.4).An interesting phenomenon in autions are artels or bidding rings aimed at avoidingharmful ompetition. For example, in an English aution, only one member of the arteltakes part in the aution as a bidder. If this bidder wins, the objet is re-autioned inthe artel. The di�erene between the internal aution prie and the winning prie in themain aution is distributed among the artel members (in-group pro�t). The autioneeran derease the inentive for the formation of artels by speifying a suÆiently highreservation prie to minimise the potential for in-group pro�ts.6 Agents in Virtual Enterprises: Projet DesriptionIn this setion, we desribe a new projet investigating the potential of applying intelligentagents tehnology to the problem of the formation of virtual enterprises. The projetAVE (Agents in Virtual Enterprises) is a ooperation between DFKI and IWI. In the�rst projet phase, a prototype is developed whih allows users loated at di�erent sitesto arry out a omputer-supported aution proess, given a goal spei�ation and aninitial deomposition, leading to an admissible spei�ation of the global proess (thevirtual enterprise). Both the aution proess itself and the preeding information phaseare supported by intelligent assistant agents implemented in JAVA. In this setion, weshall give more detailed desriptions of the individual researh problems to be takled atthis �rst projet stage.6.1 From produts to proessesThe �rst interesting task is the mapping of a (rather informal) spei�ation of the pro-dut or servie to be delivered by the virtual enterprise into a (formal) spei�ation ofthe business proesses that desribe the virtual enterprise. Like developing a formal pro-gram spei�ation from an informal task desription, the de�nition of a proess starting



from a produt desription is a omplex proedure. For the �rst projet stage, we as-sume that there is a given desription of the global proess. Over the past few years,numerous methodologies and formalism have been developed that allow to formally des-ribe the business proesses running in an enterprise. We model business proesses usingthe ARIS (Arhiteture for Integrated Information Systems) methodology developed bySheer [Sheer 92℄, [Sheer 94℄. ARIS is a framework for integrated business proess ma-nagement and business proess re-engineering. ARIS ombines methods for modelling,re-engineering and implementing with their orresponding information systems to forman integrated onept. ARIS is supported by a omputer-based tool, alled the ARISToolset4.The Arhiteture of Information Systems (ARIS) makes it possible to analyse businessproblems of an enterprise by desribing its business proesses. The �rst step involvesdeveloping a model for business proesses. This model is based on two general priniples,namely views and desriptive levels. In order to redue the omplexity of suh a model,it is divided and desribed in individual views that represent disrete design aspets andan be handled (to a large extent) independently by using speialised methods. Data andtheir relations form the data view, the funtions to be performed and their relationshipsform the funtional view, and the struture and relationships between sta� membersand organisational units onstitute the organisational view. The ontrol view expressesrelationships between the di�erent omponents (views).Desriptive levels desribe the proximity of information systems to information teh-nology. There are three desriptive levels in ARIS, i.e., the requirements de�nition level,the design spei�ation level, and the implementation desription level. The idea is todevelop a life yle onept in order to ensure a onsistent desription from the businessproblem all the way to implementation. We model the examples in this paper by using theontrol view and the highest desriptive level, the so-alled requirements de�nition level,where business proesses are represented by event-driven proess hains (EPCs). Appen-dix A illustrates the global business proess of the virtual enterprise of the introdutoryexample.6.2 DeompositionA further interesting area of researh is how a global proess hain an be deomposedinto suitable parts that an be alloated to individual problem solvers. We start from theobservation that the funtionalities given by lassial enterprise models (e.g., purhase,prodution, marketing, sales and distribution) are a good way of how to ahieve a vertialdeomposition of tasks. More omplex deomposition methods are subjet to futureresearh.Thus, the global proess hain is funtionally deomposed into a sequene of subhains.In the omputer example, one of these subhains is the planning of sales. Figure 4illustrates the EPC representation of the partial proess sale planning. The proess startswith the event ontrat signed. The �rst ativity is the funtion reate sales foreast,whih has as input data provided from BurgerKing (marketing data), Woolworth (salesknow-how), and additional information providers (e.g., statistial market data). Theoutput of the funtion is a sales foreast. Upon reation of the sales foreast, the funtion4  by IDS Prof. Sheer GmbH
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Figure 4: The partial proess sales planningre�ne sales foreast is performed, before the proess hain branhes into a onjuntion.From the example, we see the basi modelling entities: events (diamonds), funtions (softretangles), organisational units (irles), and data (sheets and database symbols).Note that the partial proesses generated in the deomposition phase are generi re-ferene models that are not yet fully instantiated. The instantiation of proesses, i.e.,the mapping of funtions to organisational units, is omputed in the alloation phasedesribed below.



6.3 Modelling agents and agent interationThe main fous of the AVE projet shall be on the funtionalities of IAAs in the proessesentred around the alloation step desribed in Setion 5.1. The IAAs that assist thehuman produt manager and the enterprises interested in setting up a virtual enterpriseat in a dynami and omplex virtual environment. The agents in AVE are designedaording to the InteRRaP agent model desribed in Setion 3. The behaviour-basedlayer of an agent ontains its reative skills, e.g., reator patterns of behaviour that areused to monitor the net for new relevant information, or to notie the attempt of anotheragent to initiate a (bidiretional) ommuniation proess. The agent's loal planninglayer ontains desriptions of the loal EPCs that represent abstrat desriptions of partialproesses that the agent's enterprise is able to arry out. This layer has aess to referenemodels and to relevant lassi�ation �gures. It is able to evaluate instantiated EPCs withrespet to the referene models. These loal evaluations form the basis for the deisions atthe ooperative planning layer, where the knowledge is loated that enables the agent topartiipate in autions. Based on the general negotiation model proposed by Rosensheinand Zlotkin in [Rosenshein & Zlotkin 94℄, this knowledge inludes:� The generation of the negotiation set, i.e., the set of admissible results.� The negotiation protool that haraterises external aspets of the aution, i.e., theadmissible (possibly role-spei�) interations of the individual partiipants).� The negotiation strategy that determines how the agents make their deisions inthe aution proessIn AVE, di�erent protools orresponding to the di�erent aution forms desribed inSetion 5.2 as well as di�erent strategies (e.g., as regards the agents' risk-taking behaviour)shall be implemented and experimentally evaluated. For a more detailed desription ofthe individual layers of the InteRRaP model and of the ooperation and negotiationmodel underlying the arhiteture, we refer to [M�uller 96℄.6.4 Modelling and evaluation of proessesEah partial proess within the global proess hain is instantiated by an aution proessin the alloation phase. The instantiation is to a high degree based on the evaluationof alternative modelling alternatives. The development of suitable utility funtions thatenable individual agents to evaluate the quality of a andidate partial proess is a hal-lenging researh task, as it inludes the development of lassi�ation �gures that allowreliable quanti�ations of the quality of proesses based on a formal proess desrip-tion. As a result of the �rst projet phase, we expet a restrited model that, for aspei� domain, allows to make deisions based on a limited set of lassi�ation �gures[Aihele & Kirsh 95℄. They onnet the eonomi and the tehnial view of a proess.In partiular, �nanial lassi�ation �gures have to be inluded like sales pro�tabilityor indebtedness as well as non-�nanial lassi�ation �gures like market share, grade ofservie, throughput time per order and set-up time per operation.Table 1 shows an exemplary set of lassi�ation �gures for the partial proess salesplanning5. The evaluation of the proess depends on quantitative eonomi fators like5This example is due to Christian Aihele, IDS Prof. Sheer GmbH, personal ommuniation, 1996.



the duration of the partial proess and its share in the total produt osts, but alsoon qualitative fators suh as the quality of ustomer servie. The relevant lassi�ation�gures are determined by the produt manager. Thus, a bid for the partial proess onsistsof a seven-tuple with a sub-bid for eah �gure. The produt manager then omputesthe best bid as a weighted ombination of the sub-bids. To fous the bidding proess,the produt manager may speify a reservation prie speifying upper or lower boundsfor aeptable bids, respetively. The rightmost olumn of Table 1 shows examples forreservation pries.Classi�ation �gures Reservation prieI duration of proess � 2 weeksII share of total produt osts < 1%III number of outlets (region spei�) EU: > 100Switzerland: > 20Austria: > 10USA: > 500: : :IV deviation of planned sales from atual sales < 5%V dispathing quota (per outlet) =# produt availabletotal# ustomerorders(outlet) > 99%VI servie quota (per outlet) =# answered ustomer requeststotal# ustomer requests(outlet) > 99%VII # ustomer requests per outlet employee < 10 for numerator > 100Table 1: Classi�ation �gures for the partial proess sales planningThus, in ontrast to most negotiation protools onsidered so far in multiagent systemsresearh, the seletion of partial proesses in the VE domain is a multi-attribute deisionproblem (see [Keeney & Rai�a 76℄). Therefore, the task of the autioneer is muh moreomplex than e.g., in the ontrat net protool [Davis & Smith 83℄, where the seletionof the best bid is a simple arithmeti proess.6.5 Competitive agents in a virtual marketAn additional problem in virtual markets is that the agents that partiipate in thesemarkets are self-interested loal utility maximisers by nature. As there is no entraldesigner of suh a system, but rather many loal designers of individual IAAs, it is obviousthat an enterprise may have an inentive to program their agents suh that they willahieve maximal pro�t for the enterprise. This, however, implies that, whenever this isbene�ial, agents may lie (e.g., in autions). Reently, there have been approahes toapply game-theoreti results to rational agents. The appliation of these results in thevirtual enterprise domain are a further interesting researh task in the AVE produt. Asan example, the seond-prie sealed-bid aution ensures that all agents bid honestly (see[Vikrey 61℄ [Ephrati & Rosenshein 95℄).A seond problem that has to be takled is that of ommitment. E.g., an IAA that isinvolved in an aution to set up a virtual enterprise may bid for a spei� partial proess,e.g., for produing 20.000 units of a produt a year. Clearly, there is a ommitment behindsuh a deision, and winning the bid implies ommitting oneself to the ontent of the bid.



Competenes of and ommitments among autonomous software agents is a hallengingresearh area that o�ers a variety of theoretial, pratial, and|last but not least|legalissues (see e.g., [Krogh 96℄) to be solved within the next years.7 ConlusionsThe inreasing importane of virtual enterprises and the rapid development of informationtehnology o�er a hallenging new appliation area for intelligent agents. In this paper,di�erent possibilities were illustrated how agents an ontribute to the formation of virtualenterprises. A new projet was desribed whih aims to investigate the potential of agenttehnology for this appliation range.A promising extension of the approah desribed in this paper is to ouple multi-agent tehniques with tools from Groupware and CSCW, allowing e.g., to support remotehuman-to-human negotiation as well as eletroni meeting sheduling. Suh extensionspartiularly the part of VE management that will be overed by diret interation amonghumans and within that autonomous agents merely adopt assistane funtions.The fous of this paper was on the use of agents in setting up virtual enterprises. Afurther important area of usage for this tehnology is the operation of virtual enterprises,i.e., the ative support of workow management. In [Raulefs 94℄, an approah based onthe model of a Virtual Fatory is presented, and software modules for the ontrol of aorresponding Physial Fatory are desribed.We believe that agent tehnology has muh to o�er with respet to the operationof a virtual enterprise. The modelling of omplex operational funtions as autonomousagents (e.g., prodution planning [Fisher 93℄) enables diret horizontal oordination ofoperational funtions that are geographially distributed in a virtual enterprise. It alsosupports the handling of unexpeted events suh as mahine breakdown, delays, expressorders, i.e., the exeption handling in workow systems6. Thus, loal exeptions an oftenbe treated loally without global replanning, and the neessary oordination proessesan be implemented by diret interations among the agents representing the involvedoperational funtions. The investigation of intelligent agents in the operation of virtualenterprises shall be the seond phase of the AVE projet.In summary, the vision of tomorrow's VE management system not only inludes thesupport of setting up a virtual enterprise, but also its ative operational ontrol.Referenes[Aihele & Kirsh 95℄ C. Aihele and J. Kirsh. Gesh�aftsproze�analyse auf Basis von Kenn-zahlensystemen. Management & Computer, 3, 1995.[Arnold et al. 95℄ O. Arnold, W. Faisst, M. H�artling, and P. Sieber. Virtuelle Unternehmenals Unternehmenstyp der Zukunft? In: Handbuh der modernen Datenverarbeitung|Theorie und Praxis der Wirtshaftsinformatik, volume 185. Heidelberg: H�uthig-Verlag,1995.6Experienes in similar appliation areas, i.e., transportation sheduling [Fisher et al. 96℄ and robotis[M�uller 96℄ showed that the ability to deal with dynamis is a substantial property of agent-based systems.
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Figure 5: Global proess hain in ARIS notation (Appendix A)
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