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Abstract

Today's enterprises are faced whiighly dynamic,sometimes even hostile environmeriisis
paper dicovers that théwo most prominent organizational strategies addressing these
challengespamely that ofwidespread decentralization and of busir@sgess orientation, are
inherently conflicting.

We argue that cooperative knowledge processing technology can contrildigsdlve this
conflict. For this purpose, we introduce the reader into fieédd of Distributed Artificial
Intelligence. On that basis wlen develop the concept of Agent oriEnted orGanlSations
(AEGIS), in order to support thigexible modelingand management of businge®cesses in
decentralized organizational settings.

Applying to methods of Distribute@lanning aset of process naeling andprocess interaction
operators isdefined. Theseoperatorsalso permit to automaticallgreate andcustomize
computerized configurations of busingsscesses. The concepts are presented in the context
of an application in private banking, namely that of a Credit Advisory System.



1 Introduction

Today, organizations are faced with permanently changing markets, global compepiutiyp,
decreasing cycles of technological innovations, worldwled just in time)availability of
information, and considerable changes in their cultural, social, and political environments. The
ability of enterprises toachieve competitive advantages and to continuously survive in
dynamic, sometimes even hostile environments, largielgends on their organizational
flexibility. This can be achievetthrough BusinessProcess Orientatiowhich is facilitated by
harnessing appropriate enabling technology.

From research on organizationalwetks andvirtual organizations it has been revealbdt

one of the most importaproblems in such settingshew to efficiently coordinate sequences

of activities which are underdecentralized localcontrol. Moreover, business process
(re)ergineeringnot only (re)designs organizationptocesses but alsavolves a significant

shift of tasksfrom humanworkers toso-calledcomputational agenisAs a consequence,
wherever businesprocess (re)engineering effected, weare incrasingly concerneavith
adapting andcombining software-based sequences of organizational procedures instead of
modeling these procedures from scratch.

This evolution has been accompanied by some promising advances in information technology
(IT). Client Server Computing has proven to Wery successful in breakindown well-
established centralized information systeamshitectures. Another breakthrough has been the
definition of the CORBA standard (Common Object Request Brokehitedure) by the
Object ManagemenGroup in 1991 (Object Management 1@up, 1992). The cently
emerging discipline o€ooperative Information Systems advocates a cooperative approach to
coordinate thectivities of decentralizedutonomous and heterogenemisrmation systems.
These advancespgetherwith the availability of high-speed communication meirks (like
FDDI), information super highways andassociated information browsers like Mosaic and
World Wide Web (WWW), facilitateesearch efforts into how organizational networking and
decentralized (computerized) organizational procedures effastively be supported by
innovative software architectures.

It is our strongbelief that, within the contextdescribed above, thdiscipline of Distrbuted
Artificial Intelligence (DAI) can contribute sidicantly to this challenge. Thipaper adopts an
agent oriented approach to organizatiorodeling namely that ofAgent oriEnted
orGanlSations (AEGIS). Agent oriented organizations offer the ability to:
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% dynamically adapt themselves to organizationaims and objectives,structures,

processes, and constraints,

&  provideefficient support for thecognitiveskills of anorganization, such asrganizatio-

nal perception, learning, problem solving, communication, and

& actively contribute to businepsocess orientation and the processing of computer-based
organizationaprocedures, through a toolbox of decentralized coordinatechanisms
throughwhich abroadvariety of organizationastructures and coordinatigerinciples

can be suported.

Within such a framework computational agetdke charge oexplicit organizationaloles.
Thus,evolving intoself-contained organizational agemisich nolonger sufferfrom the inetia

of today's business informatiosystems. It has been arguatso, that one of the most
important advantages of agent oriented organisations isdieability tosupport customer
orientation througlilexible processnanagement. Within thigaper we concentrate on process
orientation, namely that ofautomatedconfiguration and customization of computerized
workflows and business processes.

Due to the conceptuakquivalence of multi-agent plans an@rmally represented)
orgarnzational processesur technicalapproach drawkeavily upon multi-agenplanning. We
suggest aplan coordination approach that provides for customizing intra- and inter-
organizational cdigurations of software-based, adaptable organizational procedursscan

be achieved by providing a diversity of megisans to planand control theactivities of
decentralized, autonomous organizadilaunits. For this purpose we introduce a set of gen
operations byvhich multi-agent plarcreationvia plan modelingan besupported. The power

of the approach is demstnated through @lan refinement exampleaken from a credit
application in private customer-banking.

The remainder of thipaper is organized dsllows: The next section introducése problem
using a credit advicgrocess in abanking environment as an illustrating example. The
subsequent sectiobriefly reviews emergent organizational strategies and is followed by a
concise review othe conceptsoming along with Distributedirtificial Intelligence. The next
section is going to show hothis will combine withinthe furctional design oAEGIS. The
subsequent section on engineering and customization of computerized bpsitesses is
introducing four categories of process modeling operations necessary for a &ppstiach to
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businesgprocess orientation. Hothis is realized withiAEGIS is described by thiellowing
section and the concluding section is outlining the work that still remains to be done.

2 Problem Description: Credit Advice

Within the context othis paper we W focus on a banking application as this is typical of
manymodern complex organizatiorSpecifically we willfocusour attention upon a particular
banking functionthe provision of credit advice anthe identification of appropriate credit
products.

2.1 The Banking Environment

Within a banking environmenproducts areservices and as such can be represented by the
(standardized) processes necessagyroduce andell them.Productbundles refer to general
financial services offered by a given bank or indedthancial consortium ofwhich the bank is

part. Examplesmay include inter alia combinations oflife insurance, equity management,
stocks and sharesustsand so forth. Customer orientatiosithin the context of @anking
application domain, involvethe opportunisticassembly ofproduct bundles’ thatfulfill the
needs of the customer (Buhl et. al., 1993).

A customer oriented approach mustHmdistic in nature, taking due cognizance of theilti-
faceted nature of the modern bank. advisory system which utilizes Information Technology
can significantly assist bank consultants identifying appropriate bundleddowever, true
quality is ensurednly if the aims, objectives and expertise alf the constituent departments
arefully integrated into such an advisory system. Throughdgtaity the bank canmaintain
their competitive advantage. Tleffective support of customer consultants obank can be
achieved by providing assistancele construction of sudhundles using bank-wide searches
for, and assessment tiie appropriate processes anseaof operations toombine and adapt
the most promising ones.

The quality of the services provided by a given bank is intimately dependent upon the quality of
the customer consultation proce3#is process is important itwo respects. ifstly, the
accuracy and completeness of thérmation accrued i directly influencethe detailed
analysis that willecommend particulgsroductbundles. Secondlyfinancial services need to

be thoroughly explained tthe customer in order thétey appreciatéhe relative advantages

of competitive products and associated contractual obligations.
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Current systems withinthe financial servicessector areprimarily aimed atthe creation of
models which simulate money flow afidancial models. Littlesupportexists as yet, for the
consultation process and whstipport doesexist does notyield true intelligent decision
support but merely supports passive retrieval of data tildienised by the consultant such

decision making.

2.2 Credit Advice Consultation Process

A typical problem scenario would involve three steps:

Step 1: The customer makes contact with the bank:
Two concurrent processes evolve. Firstly, Haamk tries to learmbout the customers
needs, preferences, and requirements. Therfnathle translates this information into an
assessment of the expectedlue” of that customefthatis, the potentiaincome the
bank can generate with such a partnership, will the customer be an important contact or
potential businesspportunity and so forth.5econdly, the customer tries to ascertain
whether ornot the bank could providenim with the appropriate solutions for his

requirements to its internal utility ranking.

Step 2: Definition of "Contract Parameters

The bank then fixes an initial set of credit contract rules. Such rules may look like:

IF  risk < x% AND profit > y% of total_amount_borrowed
THEN credit_contract

These rules dependrgely upon theinternal cost structures of thbank, thebank’s
aimsand objectives, thaimsand objectives of the experts (agents), andthkie" of
the customer for the bank. For example: A credit ageyt have taontract 1.000.000
DM per month. After four weeks of month 1 has contracted only a sum $®0.000
DM. Thus,she would be very interested a&ttract the customeand, thusmay even
accept to share a portion bis personal income witlthe customer. In month 2, the
agent may have alreadgntracted 1.500.00 DM at week 4. Now, the agelhinot be
interested irhaving additionakredits in monthiwo. Thus, shemay chose either the
strategy to reject the application, or to deferdkeision tothe subsequent month, or

to try to earn as much money as possible from that customer.



Step 3Bank Team Involvement
In general, private bankingvolves (muchmore tharmerelyonebankagent. Thus, all
agentsinvolved mustnegotiate in the agreement of a newntract. Each agent has
local aims, whichare couched in terms of itgcal earning system. Thams ofthese
agentsmay beinconsistent, or even conflictin§or instance, some agentgy be very
interested in conducting business (depending on their local situatibejsmay prefer
to reject the application. Thus, the agdmise to negotiate at theircollective aims
ought to be. This may involve inter-agent money transfers in payordhieir services.
Several such negotiation strategies need to be developed and evaluated here.

This step supposes tlavailability of (maybevirtual) globaldata structures throughhich the
mental state (including the product development process) of the team can be represented.

3 Emergent Organizational Strategies: A Brief Review

In the past, a greakeal ofwork has beenlevoted to develop new strategieswdyich organi-
zations can meet thehallenges of dynami@gnd sometimes even unpredictable environments,
rapidly decreaing cycles of innovation, and worldwidempetition.Two different strategies
can be identified: re-engineeritige processe®f an organization, and radical decentralization,
or fractalization, of thetructureof organizationskinally, wediscoverthat current approaches
to businesprocess orientation are, at lepattially, incompatible withlthe strategy of radal
decentralization.

3.1 Business Process Orientation

According to Davenport (1993) a procesay bedefined as astructured,measuredset of
activities designed tproduce aspecifiedoutputfor a particular customer or market. Process
orientation, thusjmplies astrongemphasis orhow work is accomplished, ircontrast to a

more product-orientedocus on what is achieved.Thus, businessprocess orientation
represents a revolutionary change in perspective: it turns the organization on its head, or at
least on its side (Davenport, 1993, p. 5).

The structure obusinessprocesses caalearly be distinguished frorthe morehierarchical
forms of structurewithin anorganization While the latter igypically asnapshotvhich shows
how responsibilitiesyesourcescommunication channels, and information fl@watis, repor-
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ting, instructions) are distributed across an organization, the former provityesraic view

of how the organizatiodelivers value Furthermore while structures cannot be assessed or
improved directly, process@svolve cost,time, outputquality and catomer satisfactiorthey
relate to well-known triggering events and they resulwell-defined final states. Thus,
whenever one reducesst orincreases customer satisfaction proceasesmproved, and not
the organizational hierarchy.

Sincethe pioneeringwork of Porter (1985)husiness process orientation has receiveavan
whelmingattention by botlacademia and practioners (Schd&94). Its mostmportant con-
tribution is that it provides for a systematictelligible approach to the adeling and(re-)
engineering oforganizations. Thus, for the rest of the paperassumethat thedesign of
future organizations will focus on processes, that is, thall prmarily be concerned with the
modeling, management, ardntrol of processes rather thapplying totask decomposition,
and to the modeling of static organizational structures.

3.2 Fractalization

It has been argued thtite enterprise of the futureillkbe radicallydecentralized, iorder to
meet thechallenges othe increasing complexity of their environment, atheé dynamics of
world-wide competition. Decentralizationvolvesthe allocation of autonomy, resources, and
responsibilities todeeperlevels of the organizationahierarchy (for instance, seavork of
Tapscott & Caston (1992) dWvarnecke (1991))This requires enterprises to replace the
traditional approach of hiarchical planning bynore decentralized concepts adordination.

In turn, autonomous orgaational subunits need to exhibit a mugheater degree of
intelligence and self-referencirglills than they ddoday.This has given rise tthe notion of
organizational fractals (Warnecke, 1991). These are equipped with self-orgarskdisdhus
enabling themnot only to recursively form complex, highly-organized entitird also to
modify these entities, for instance withspect talynamic environments or changingstomer
demands. Organizational fractalee provided with operationdefinitions of their locahims,
and arecapable of cooperatively creating global hierarchiesaiofs and objectivesThey
exhibit intelligent local and globaoordinationskills, and a benevolent style eboperation.
Accordingly, fractalization permits large organizationexibit greaterflexibility and adapti-
vity, and it also provides mediumthroughwhich they careffectively refreshtheir learning
capabilities (Warneckd,991).
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3.3 Fractalization versus Business Process Orientation: An Emergent Conflict

Organizational fractals involve maximumdegree oflocal autonomy, self-control, argelf-
organizationskills. Aiming to maximizetheir local utility (for instance, in terms of profit),
organeational fractals decide on their own whetlteey are willing to cooperate, or to
collaborate withother organizatioal units. There is no direecheans by which fractals can be
compelled to behave in a certain manner. The single acceptable w@yttol thebehavior of
an organizational fractal, or ofgroup of cooperatinfractals, is throughiesigning a globally
consistent system of aims and objectives (Warnecke, 1991).

However, due to bounded rationality, organizatians, in most casesot able to establish
consistent goal hierarchies. leat, thedifferent goals that exist within an organization are
more or less inconsistent, the knowleddmut goaland relationships between theemains
necessaly incomplete, uncertain, fuzzy, and sometimes even false. Additional goal conflicts
may arise betweethe goals of an organization and the preferences of its customers, between
different organizations thatish tocooperateand between the customers of distioaniza-

tions that wish to pursue their aims in close cooperation.

In contrast, current approacheshasinesgprocess orientation presuppose that organizations
havethe time, knowledge andkills to preciselydescribe, analyze, and designterprise-wide
bushess processes. They furtheuppose that, through aiterative (not necessarily
algorithmic) procedure akefinement, these descriptions can be augmented, or instantiated to
more detailed descriptions of (partial) processes faflg expanded specifications of the
respective workflows. This requires a centralized approabbsimesprocessengineering, or,

at least, a global perspective (HammeiChampy,1991) which, by definition,cannotexist
within fractalizedenterprises. Instead, organizational fractals nocosiperatewhenever they
aim to create an enterprise-widisinesgprocessakinned tobottom-up approach. Aimilar
conflict exists betweethe local autonomy of organizational fractals, ahd need to tighem

to existing businesgrocesses. Ishall benoted that theseonflicts are directly related to the
degree of autonomy that is exhibited by the fractals involved.

As a consequence, it is vedifficult, or even impossible, igeneral to resolve thesenflicts
by standardized rules and decision criteria. Instead, wheoeeaims tointroducebusiness
process orientation into a systemoofjanzational fractals one needsdpply to decentralized,
cooperation-based concepts of proceszlehing andcontrol. Moreover,any coordination
concept must sustain the individual autonomy of each single fractal, and it must jpgpfide
priate knowledge processing techniqueoider to copewith the epistemological issues of
incompleteness and uncertainty.
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These challenges can hedressed by recent advances in organizational compuaangely
with respect to the technology of cooperative knowledge processing (Warnecke, K881), (
1995), (Kirn & O Hare, 1995). This work aims tointegrate decentralized batitonanously
operating dataand knowledge sources, andinivolves standard techniques fromrtificial
Intelligence. It has been demonstrated that these technajeesuitable to bridging the
boundaries within andcross organizations, and flexibly exchangeasks, know how, and
geographically distributed resources between distinct organizational units.

4 Distributed Atrtificial Intelligence

Distributed Artificial Intelligence represents a departueom the centralized approach
advocated bymainstream Artificial Intelligence. Iseeks to develop intelligent systems by
distributing intelligence(or expertise) across eommunity of semi-autonomousutomated
intelligent agents (O’Hare &hnings, 1995), (Chaib-draa et.al., 1992).

Various motivating factors exist for developing Distributgdificial Intelligence systems.
Firstly, the growth in inexpensive andflexible telecommunicationsnetworks and
multiprocessor hardware and software has proviledneans to develop distributegstems
(Gasser, 1992b). Secondly, the expeniseessary to achiealequate solutions tcomplex
problems demandhe provision of multiplecooperating systems. Furthermore, Distributed
Artificial Intelligence can potentially solve problems thate too complexfor onecentralized
system, whichmay bedue to resourcémitations of a given level ofechnology. Distributed
Artificial Intelligence can also provide a means of connectindtipla knowledge bases with
differing, but pcssibly overlappingexpertise, therebgnablingthe solution ofproblems whose
domainsare outside that of one knowledge base (Herr88)L9Huhns, 1987). Further
advantages of the Distributddtificial Intelligence approach tesystem development is that it
facilitates resource sharing, flexibility, efficiency, reliability, and speed.

The following sections expandpon the notion of ‘agent’ and ‘Multi-Agent System#igir

relevance to human orgaatmns, emerging programming paradigms #rel importance of
planning in developing Multi-Agent Systems.

4.1 Agency within Distributed Artificial Intelligence

Agents are ofterphysically and logically distinct and aretypically capable ofreasoning,
planning, communicating araboperating (Hern, 1988Agentsmay berobotic and belefined
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in terms of sensory inputnotor controland timepressures, theynay perform cognitive
functions, react tostimuli, containsymbolic plans, opossess natural languagapabilities.
Shoham (1993) points out that:

“An agent is an entityvhose state is viewed as consistingneintal components
such as beliefs, capabilities, choices, and commitments.”

An agent is thus regarded as an entity, that functions continuouslgrgety autonomously,
with little guidance or intervention. Aagent functions in aenvironment which is typally
highly dynamic and unpredictable, within which other agents coexist and perform.

4.2 Multi-Agent Systems

According to Werner (1%2), amulti-agent systermay either be aoftware system, aumber

of robotic agents, itmay be agroup, organization, or society of huans. In essencenulti-
agentsystemsmay bedescribed as reactive systems that interact with their environment to
perform a particular task. Sudystemsare concerned with coordinatingehavior among a
collection of possibly preexisting intelligerdagents. A multi-agensystem attempts to
coordinate the agents’ expertise, knowledge @ads inorder toachieve a commopurpose.
Agents within a multi-agent systemteract and their mode of interactiomy beguided by
cooperation strategies to improve their common performance.

Research in multi-agent systems endeavors to deal théthproblem of integrating and
coordinating theactivities and expertise @gentcommunities, in aropportunistic,mutually
beneficialmanner, inthe pursuit of cooperative solutions, to shared problems. Tgres@s

and theindividuals within themevolve, as do theelationships between their teamembers.

No one agenimay have sufficient information to solvthe entire problem, be the most
appropriate to perform a particular task, ordixde to supply relevant information. Agents
must necessarilgollaborate demanding mutual assistanaferred to as ‘collective problem
solving’. Such collective behavior evolves and generally reflects the development of inter-agent
relationships.

Attempts to understand tliendamental social phenomena that undeggent behaviohave
lead tothe development afwo crudeclasses of multi-agent systethpse ofdeliberative or
reflective systems anthose regarded as ‘reactiveystems (Wooldrige & O’Hre, 1991).
Deliberative multi-agent systems ascribe roles to thgants, with the appropriate expertise
facilitating cooperation between agents. The concept of ‘role’ is cited by Werr@2)(1&8s an
important mechanismfor building complex socialstructures, these structures k&ms
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‘organizations’. According to Werner (29), in order for agents to be cooperatilrtey must

have informationabouttheir environmentogetherwith someplanning capability, or at the
lowest level, procedures or programs. Agentsabte to make inferences in choosthg most
appropriate action, (this can b#ewed as ‘rational’ behavior) anare able to predict the
behavior ofother agentsThese agents make ‘evaluations’ or ‘deliberatioogér a choice of

action or reaction. When faced with a problem, agents take the appropriate action to arrive at a
solution. Thismanifests itself agmergent social behavidghat is normally associatedwith
cooperating agents in organizations, such ascaloinies and human communities such as
human organizationd.esser & Corkhill, 181), (Fox, 1979), (Fox, 1988).

4.3 A Distributed Artificial Intelligence Perspective on Planning

Within multi-agent systems, coordination of decentralized activities is required. According to
the equivalence of plan angrocess weapply here to aplanningapproach to coordination.
Within Artificial Intelligence planningthere isusually aset of goalsgiven togetherwith an

initial stateand aset ofallowable actions in @lanningenvironment. Thelanningtask is to

find a sequence of actions that fulfills the respective constraintefaind allowsthe system to
achieveall of the desired goal&xemplary Artificial Intelligenceplanning systemare STRIPS
(Fikes & Nilsson 1971, p. 189-208) and NOAH (Sacerdoti, 1977). Howevdrfidlal Intelli-

gence planning is1ot applicable to typical multi-agergettings because of its restrictive
assumgpgons (v. Martial, 1992):

%  the world is assumed to be static and only affected by the actions of one single agent (the

planner),

& there isonly one agent whdesignghe sequence of actions (thian) necessary to solve
that task,and whoitself is responsibldor carryingout the actions represented in that

plan,

%  plansare concerned with preventionlotal conflicts,not with coordination ocoopera-

tive or competitive local behavior of multiple agents,

& single agent planners are not capable of solving complex tasks collaboratively,

% single agents areot capable of reasoningbout actions that aneot under theirlocal

control, and
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% there is no concept of concurrent activities.

These limitations have stimulateesearch on multi-agent planning, i.e. on developimgards
planning approacheshere one or nitiple agents cooperatively design multi-ag@tdns to
coordnate the activities of a set of autonomous computational entities (Bond & Gasser, 1988).
Within the field of Distributed Atificial Intelligence, planning involvethe recognition of any
potential interference between thetivities ofthe agents and as such thlanning activity
attempts taalign their activities so as to avoid destructive goal conflicts. Interference could
involve not merely incompatible ordering of actions but also incompatible states and conflicting
demands on resources.

v. Martial presents a taxonomy pfanning systemsTwo fundamentalapproaches exist to
multi-agentplanning: goal-driven planningtasks [goals] are decomposed into subtasks [sub-
goals],plansare constructetfom scratch) anglancoordination, where pre-existingans are

to be coordinated and adjusted through cooperatas reconciliation dere theyare execu-
ted. The input for a plan coordination problem consists of several (partial) plarsoitimate
individual plansthe agents must bable to modifythem withrespect to a set qblobally
agreed) goalge.g.long-term profitmaximzation). The outcome of theaulti-agentplanning
task (i.e. the solution to the actydéin coordnation problem) consists ofs@t of coordinated
individual plans which, sigequently, are to be executed under decentralized control.

Thus, besides having communicatiskills, the (group of)coordinating agent(s) must loa-
pableandlegitimatedto perform the following principle operations:

%  to identify and reason about the interferences between plans,
% to develop solutions for the problem of plan coordination and, thus

% to modify the plans of other computational agents.

As far as organizationatructures andynamic plannteractions are concerned, the approach
of AEGIS primarily benefitsfrom the concept ofjeneralized partial global plannifDecker &
Lesser, 1992). As far gdan adaptation issuegre concerned, the AEGIS approach uses and
extends the plan coordination concept suggested by v. Martial (1992).
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4.4 Agent Modeling

We introduce here @rief review of agent modling techniques. Muchesearch hadeen
conductedwithin this area. Thereforewyithin this paper it isonly possible to convethe spirit
of this work. A detailed discussion ahe various approaches to representing agestital
states is beyond the scope of this paper.

In attempting to plamhe activities of agroup of agents it inecessary to have kEastimplicit
knowledge ofother agents thagxist withinthe communitytogetherwith some awareness of
the environment. Such knowledge is mandatory if meaninggént interactions are to be
achieved generally. Muchork has been directed #te problem of agent models, attempting
to provide aormalism whichcan characteriz#self and its' communityThese models need to
contain knowledge pertaining to ageoapabilities, state, responsibilities andresource
requirements. In addition to thikere is a need for knowledge regarding agent actpass,
goals andeliefs.Agents need to be awareaher agent actionsnd themplications ofthese
on thecommunity as a whole. lorder to beable to anticipate oextrapolate agent behavior it
IS necessary to be awam®t only of their current actions but thglan to which they are
adhering, their goals and particulathe beliefsthey haveabout the worldvithin which they
exist.

Two differing approaches exist tthe nodeling ofagentbeliefs, modelingpased on possible
worlds and rodeling basedipon a syntactidpgic representation. According tbe possible
worlds approach an agent knows something tdribe if it is true inall the worlds that the
agentbelievesexist. Thisapproach isiormally implemented using modgpfopositionallogic
and Kripkestructures and itypified by the research oAppelt (1981). The later approach as
exemplified bythe work of Konolige (1986) which grounds on firstorder logic being
supplemented with newperators likewant and'know' . A meta-level language is also
provided which enables beliefs to bestablishedwithout having to exhaustively enumerate
them. Detailed descriptions of these approaches and associated issloggchk@mniscience
and shared knowledge abeyondthe scope othis work. Therehas been several noble
attempts to integrate the work plnningand agent mdeling with formal communication
protocols. Both Coherand Perrault (1979) advocate the use of the 'Speech iksts'
proposed by Austi1962) and developedignificantly by Searle (189), which include
operators likeinform’  and‘request’

Bond and Gasser (1988) suggest that systems based uponag@ectielsfirmly based upon
plans andeliefs will serve tounify morecloselytheories of coordination and communication.
Within AEGIS we believe that inorder todesign organizationsffectively it is necessary to
provide the appropriate apparatus, namely, an expressive medium withinomkiclan encode
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agent descriptions, clear inter-age&simmunicationprotocolswith an associatedemantics
and an ability for agents to plan their activities.

5 Functional Design of AEGIS

AEGIS/CAS provides a customer consultant with advice abow a particular customer
credit ought to be best arranged. Blystem architecture reflects a real bank organizatitn
its different departments by adeling eachndividual agent and each organizationalit in
terms of computational agents.

Supposing a complex consultitask requires a cooperative solution, the agents need to take
into account both thendividual goals of the customer asgell asthose of the departments
involved, and the aims, rules and constraints ottrporatebank.The necessary coordination

of decentralized activities is ensured by multi-agent planning, thattlseoonehand driven by

the desire toachievethe appropriateaimsand on theother hand controlled by anutually
benevdent attitude.

The agents of AEGIS aistelligent,autonomougproblem solversyhich have theiown aims,
resources, capabilities abdliefs.Resources are inherited from the organization. Some of their
goalsmay beprivate (informalgoals), otherdiave been defined kiye organizatior(formal
goals). Formal goalsiayinterfere with eactotherand with (local)informal. The definition of
formal individualgoals must guarantee that the agents perform their actions sudiothedt
goals are also to be addressetlisTequires that agentsxhibit, at least someegree of
customer-oriented problem solving behavior.

In case of goal conflicts (withione single agent) each agdémsthaves cooperativelifhat is,
the agentdnvolved in agoal conflict initiate aplanning process in order tgearch for an
appropriate compromiséhis processmay also involve bargainingabout transfepayments
from one agent to another or from the enterprise to amzagenal unit.

AEGIS agents are benevolent, in thiay tellthe truth aboutheir plans, and thegre willing
to cooperate in order tomprove the outcome of thevhole system or to resolve dbcts
within the system. Thusthe agentiave a cordial relationship and dot behave in a hostile
manner.
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Agentsmay incorporate the actions of other agentgpas of their own plans (multi-agent
planning). This requirethe agents t@xchange their plans before execution idesrtoallow
other agents having access to their anticipated behavior.

5.1 Organizational Model

AEGIS/CAS represents a computational balt&.internal organizationastructurerelies on

four different types of agents(single) agents, (informal) social groups, (formal)
organizational unitsandenterprise On this basiqat least) fourdifferent organizational layers
can be identified(see Figurel). Within Figure 1 the enterprise can lewed as an
embodiment of a hierarchy and inter-agent activities. Additidayerscan easily beintro-
duced, e.qg. if organizational units (recursively) include one or more other organizational units.

To integrateébusinesprocess orientation intihis organizational model we need to distinguish
three different types of processeshich refer to the fourdifferent organizationalevels
mentioned above:

@ (Organizational) procedure

An (organizational) procedure is a sequence of atomic operations performed by one
individual agent. Fronthe viewpoint of anindividual agent the operationsithin an
organizatimal procedure are presumed to be aton@cganizational procedures are
part of theoperative layeiof an enterprise.

@ \Workflow

A workflow is a directed graph of procedures onléwel of groups thusnvolving the
work of one or moreindividual agents. Groups can be regarded as "flawk
providers". Workflows represent tloperative layeiof an enterprise, too.

@ Business process

A businesgrocess can beewed as a etwork ofworkflows (thusinvolving the work
of one or more groups) and procedures (tmwslving the work of one omore
individual agents) on thé&vel of a singleorganizaéional unit. Organizational units in a
similar veincan be regarded as "process providers" (see f@urBusiness proesses
within a single organizational unit compripart of thetactical layer of the orga-
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nization; theyrepresenexactly one single product (that isatifying basic cusomer
preferences).

Organizational
Unit

. (informal) group

O human agent
‘ computational agent

Enterprise

AN

Figure 1: Symbolic representation of a 4-layered organization

Pleasenote, that we use the notion lfisinesgrocesses also to refer to an enterprise-wide
network of busness processesyhich involvesone or more organizational units working
together on a comon problem. In AEGIS an enterprise-wibdasinesgprocess represents a
product bundle (that is satisfying compleportfolios of customer preferencejusiness
processes on the level of the enterprise belong tstthegic layerof the enterprise.
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Organizational Organizational
Unit A Unit B

A",

Organizational D\j D\D
Unit C I%l

configurable,
adaptable processes

Figure 2: Organizational units representing configurable, adaptable processes
This taxonomy of (organizational) processes necessitatedeling at different levels of
abstraction. Organizationgirocedures typicallynclude alot of detailed information about

particular (atomic) activitieswhile businessprocesses need abstraatvay from such
operational detail conveying strategic information and thus shielding operational information.

5.1.1 Agent Model

Agents withinthe AEGIS system can be conceived as an aggregation of several discrete
components. Agents consist of a structure such that

agent = <agent_name, beliefs, capabilities, acquaintances, commitments,

plans>

where
*  agent_name : represents a unique agent identifier.

* beliefs : represents a set btliefs held by a giveagent at a particulanstance
in time. They encode the model of the environment within which they exist.
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*  capabilities . represents the set @hlpabilities thatthe particular agent can
provide.Capabilitiesencodewhat the agent can doot how itachievest. They
are realized through plan execution.

* acquaintances : represents the awareness that a given agent haddy atstance
in time about colleagues that exist within their environment.

*  commitments : represents the current set of goalsvtach the agent icurrently
committed. The commitments persishtil such times as thewre no longer
relevant to the agent.

* plans : represents a set of currgaans thatrestill being utilized bythe agent in
guestion. Plans encotiew agent capabilities are achieved. They may be complete
in the sense that the component atomic actions are executdtgyanay be
partial whereby the plan will be refined further.

5.1.2 Initial Design

Earlier we described the Credidvice ConsultationProcess.This processinvolves several
discrete areas of expertise. ¢ur initial version ofthe creditadvisoy system which is a
subsystem oAEGIS (AEGIS/CAS), wehave identified severagents that contribute tihis
process.They are: Interface Agent, User Agent, Custoniepfile Agent, CorporateAims
Agent, Capital Disposition Agent, Credit Manager Agé&mntract Processing Agent, Credit
Design Agent, Credit Rating Agent and Departmetmhs&Objectives Agent. Figure 3
provides ahigh-level view ofthe interactions between these agents. Two agents are central
within this system, namely the Customer Profile Agent and the Credit Rating Agent.

AEGIS/CAS commences with a stereotypical custompefile and specializes ithrough
consultation to accurately capture the respective custpeweiiarities. Thecustomerprofile
agentmaintainghe customeprofile with respect to the corporasmsand to thanformation
acquired about the custonsuring the consultation processhis profile is to beexported to
other agents thamake use of itthrough instantiating certaimariables according to the
respective values recorded for the customer in question.

The credit rating agenanalyzeswhether the customer is credit-worthy and arranges a
distribution of the securities for the credit that meet the requirements of the bathis In
context eaclpossible security must be assessed by deterghanvariety of valueg§i.e. decla-
ration of value, risk rating, potentiaiin / loss,etc.) in order tacome to a profound decision.
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Such decisionsire based on the custonmofile and additional product-specific information
provided by the customer, ligmybackpattern,availablesecurities and so forth. AEGIGAS
will recommend a particular credit arrangemehisTs profered on the onband byfulfilling
the requirementgiven bythe customer and on tleher hand byminimizing the risk of the
credit and maximizing the profits of the bank in question.

- /‘ D
| /

N

Credit Advisory
System

Customer Consultant
s D

Consultant Functions:

\

* Query - Information
* Explanation
* View/Inspect - Credit Parameters

* Browsing

* Updating
* Presenting

W <

Figure 3: The Credit Advisory System within AEGIS

5.2 Architecture of the AEGIS Multi-Agent Organization

Agent oriented organizationdiffer from other types of DistributedArtificial Intelligence
systems in that thegre integratedavith humanenterprise Within the context of AEGISthis
enterprise is represented by a bahypically, bank orgaationsinvolve deep fumtional (i.e.



=22 .

product-orientedhierarchies, in general combinadth a secondtructure typically that of a
geographic hierarchy. THmsicstructure of dypical bank organization cahus beviewed as
a two-dmensionallattice, which exhibits a singleentral controlfunction namely that of a
corporate headquarters.

The designstructure of aank requires organizational designers to develop an appropriate
concept of roles (i.e. triples of tii@rm [task, capability, responsibility]) and to assign roles to
agents. It also requires designergstablish anetwork ofcommuncation channels, to provide

a set of codtination mechanisms, to defineontrol flows within the organization, to
implement organizational barriers withthe enterprise and between the enterprise and its
environment, and to design those constraints that determine to which degree theblgntois
reorganize its int@al structure according to theeeds imposed bghe market and itsocial

and political environment.

The AEGIS multi-agent organization attempts to addresses these with respeadsigheof
a Distributed Atificial Intelligence systemThus, thedesign of AEGISsimulateghe functional
structure of abank in that it provides a three-layergmpduct-oriented architecture: the
enterprise layer, the ganizational units layer, aritle individual agents layer. The architiece
of the multi-agent organization represents the decomposition of taskdiyigien of labor,
and, as such, it serves as a long-term coordination framework (Gasser, 1992a)vool¢he
system.

The schematic representation tbe AEGIS multi-agent organization (ségure 4) can be
described as:

% A global searchspace,which spansthe set of processes provided by thefeddnt
departments andndividual actors togethemwith the set of operators thapermit

interconnection and modification of these processes.

% Embedded departments in the AEGIS multi-agbahking organization, which are
computational organizational units. These units address to the concgianioihg in
autonomousystems. They distinguigtirategicplanning fromtactical planningand plan
execution (Hertzberger & Groen, 1987). Thus,dlmes and objectiveagentrepresents
the level of stratgic planning,the product designagent is responsiblefor tadical

planning, and the execution level is represented bgdhtact processing agent
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% Each department iable toact as an autonomouself-contained organizational unit
which provides a particular class pfoducts to the market (e gjfferent types of credits
within AEGIS/CAS).

% Each department comprises several agesish exhibit different organizationables.
One of these agents acts as the head of the department, the others prowdedbary

(local) functions.

user dept. aims & dept. aims user
interface objectives objectives interface

contract contract
processing processing
] Zz \

product
departmental design
agent

departmental
agent
{(bonds)

credit
manager departmental

credit credit agent agent product
design rating design

L AN |

contract
processing

user
interface

dept. aims &|
objectives

dept. aims &
objectives

user
interface

contract
processing

CAS

AEGIS Multi-Agent Banking Organization

Figure 4: Schematic Representation of the AEGIS Multi-Agent Organizational Structure

& Departmental agentare allowed to engagéhe department in a particular task. They
represent the departmentaterface to its environment, and thagt as acoordinating
agent (v. Martial, 1992)ithin their local organizationalnit. Individual agentslan and
act ontheir own, their plans comprisese&t ofindividual activities(i.e. eachindividual
plan refers to a different organizational procedure).
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The problem solving capability die AEGIS multi-agent organization depends omliifity to
select andnvolve the most appropriate agents for gblem at hand, to instantiate the
appropriate organizationastructure, and to apply (and to adapt)different types of
coordination mechanisms.These criteriadefine the flexibility of the AEGIS multi-agent
organization.Within AEGIS, organizationaflexibility is achieved bymulti-agent planning,
which may be coordinated by the respective departmental agents omadyieltso evolve as a
collaborative activity among single ageiwsing members of differemepartments. Figure 5
depicts a virtual department that wastalled as aesult of the creation of a (partiajjobal
plan (i.e. abusinesgprocess) on the enterpriyel. The different agentimvolved in a virtual
department arstill connected to theilocal organizatioal units;i.e. theyare still obliged to
approach the respectiVecal aims, to perfornthe respectivéocal reporting procedures, etc.
The reademay note, thatthis provides for droad range ofirtual organizationaktructures,
depending orthe degree tawvhich the different agents (temporarilyleave theirstandard
working environment. In that sensbe representation depictedfigure 5 demonstratesnly
one type of virtual organizational structures that is possible within AEGIS.

Because conventional organizational theorjgsmarily focus on the structuring of
organizational bodies, thegrove inappropriate for the organizatiomabdel commissioned
within AEGIS. AEGISrelies on itsability to dynamicallycreatevirtual departments (i.g¢ask
forces) and in turn the creation of thesgual bodies relies orhe ability of AEGIS to
configure andmodify formalrepresentations djusinesgprocessesvhich is achievedhrough
multi-agent planning.

Within this section we haveoncentrated upon the oheling ofthe more static aspects of our
organisationsiamely that oktructure.This structureshouldmerely be viewed athe context
within which the activity of the organization iccomplished. We wish, however, also to
adequately represent amabdel this organizational activity. The next section addresses the
modeling ofprocesses througblan representation. Thimtimacy whichexists between these
two dimensions is of fundamental importance.
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6.1 Process Modeling Categories for Business Process Engineering

Figure 5: Schematic Representation of a Virtual Department within AEGIS

6 Engineering and Customization of Computerized Business Processes

The thredlifferent layers within amrganizationnhamelystrategic, tactical and operative, may
be simulated by a three-layeragrtically integrated,hierarchy of Multi-Agent Plans. Such
plans must facilitateAbstraction on Processesn order to supporbusinessprocess re-
engineering it is necessary to provigerr fundamentaprocess operations. These operations
can be categorized as
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* interactions of processes with their environment.

Due to limited space we can merely give an idea of what these operations involve, related work
has been presented by Malateal. (1993). In théollowing descriptionplansare represented

by upper case lettersshile representations of actions (procetsments)are represented by
lower case letters.

6.1.1 Construction and Modification of Processes

The mostfundamentabperations demanded tise ability to corstructand/or modify a plan.
For any giverprocess such operationsight to beable to handlénighly complex processes.
Such operations mustpport the construction oew processes from existioges. Through
the judicious assemblage afore primitive processes more&omplex processes can be
constructed utilizing process reuse. AEGIS ensures that pre-existing processesodifidzd
in order to adapt them to the current coordination situation.

& A andB are composed to make configurat©on

A simple example is the sequence.

&  Ais removed fronB resulting in the modeT.

May be causedpr example, by a reorganization. A, part of B, is tor&®moved
from it.

6.1.2 Abstractions on Processes

In almost every planning domawhere complexproductshave to beconstructedanew
specification is usally top downin nature, i.e. fronthe more abstract to the modetailed.
Bottom up/s important for reasons of interactions wattherparticipants. To communicate as
efficiently as possible it isvecessary to enabline selection of theappropriatelevel of
abstraction so that detaighich are notrelevant to the partner can b&den. Theplanning
approach developedithin AEGIS supportghis functionality in such a sense that processes
can be abstracteflom details or enriched by mospecific information, depending on the
organizationallevel from whichthe process is seeithis means that during planning on a
departmentevel aprocess can be abstracted way that onlythe subtasks that anaterfaces

to processes of other departments can be considérsds incontrast tgolanning on aroup
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level where it is necessary to shal the subtasks that thedividual membersre in charge
of.

& Cis the refinement dB, with b2 [ B having been refined .

There is one element which is refined by Athie next section an exampidl be
given for this operation (refine (a, P") (P)).

< Bis the generalization @, with A having been removed fro@

Exactly the inverse operation to "refine".

B

Refinement

. . . L
@ @ _ Generalization

Figure 6: Refinement and generalization of processes

6.1.3 Modeling of Interactions among Processes

When modeling processes it is necessarydopt aholistic view recognizing that int@rocess
dependencies and interferemoay occurwhich must beduly mockled. Thus, procesnodels
must enable the explicit modelingtefo types of interactions between different processes.

% A andB interact without any coordination.

For instance, this may occur in scenarios like the prisoner’s dilemmhere the
actions of the prisoners are interacting without any possibility that the agents
coordinate their behavior towards common, or towards their individual goals.

%  The interactions betweehandB are coordinated.

In other scenarios, the actions A and B of different agents are (implicitly or
explicitly) coordinated towards individual or common goals. Well-known examples
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refer to concurrent access to a common resource. In such cases, the executions of A
and B needs to be coordinatddr instance to be synchronized. In otheords: A
interferes with the execution of B by means of coordination (et vice versa).

6.1.4 Modeling of Interactions of Processes with their Environment

This category ensures that processes as a wholexgtitly madedependent on certain
external conditions (situatedness). In AEGIS this applies for the coordination situation, e.g. the
set of currently active problem solving processes.

% |n a certain situatios A must not be executed.

Precondition for A: = s

% |n a certain situatios A andB are exclusive alternatives.

Precondition for A: = 91- running (B), Precondition for B: = § - running (A)

In the subsequent section wélillustrate how such processes canréalized in aconcrete
manner. We advocathe utilization of plans as a formal ba$@ process rdeling and adopt
a multi-agent planning approach.

7 Realization of the AEGIS System
7.1 Plan Model for AEGIS/CAS

The operations introduced above are used lzssis for implementinghe planningprocedure
within AEGIS/CAS. Inorder tohave a formal basifr them a plarmodel is needed that is
expressive enough to represtm independerdimensions implied byhe first two categories
and the requirements implied by the last two.

The basicconcepts obur modelwere derivedrom asimilar formalismfirst introduced by v.
Martial (1992).
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7.1.1 Modification of Processes: Throcess Dimension

We have to describe processes #rat comprised of actions and also knowledgeut these
actions. Consequently thpans consist afwo components. Each component can be viewed as
a mathematicadet. Thefirst set,ACT, contains the actions that the respective procasade

of and the membership of tsecond set;ON is constraints and conditios.g. pre-/ postcon-
dition) for the actiongogetherwith the relationships(e.g. €quential / concurrent) between
them.

plan_model" ::= (ACT, CON)

There aretwo kinds of actions: Actions thadre atomic with respect to theidomain and
actions that have to be further refined ander to become operational. Thicremental
replacement ohon-atomicelements with atomic actioesrrespond to processfinement.

7.1.2 Abstractions on Processes and Actions: The Granularity Dimension

The planningproceduremainly consists of repeate@finements of actions thatre part of a
given process and are as yet non-atonibis iteration concludegs/hen aprocess consists
exclusively ofatomic actions. Itmay be visualized by &ee, that represents processes at
various levels of abstraction. The nodes are actions and the edges shovefimement
relationships from more abract (coarse-grained) to more conci@tee-grained) actions. So
the leaves of thdree can be&riewed asthe most operational actions reachedhé stage of
planning. The history afefinement is reflectethrough the growth of the tree. The operation
refine corresponds tadding apart of anew leaf level toour tree,whereas the operation
generalizecorresponds to removing a subtree (see figure 6).

To reflect the secondyranularity dimension astated above we have taugment the
plan_model” by the set REF for the refinement relationships:

plan_model ::= (ACT, REF, CON) with REF OACT x ACT

The set REFconsists of tuples of actions representing réfeiement relation or granularity
dimersion between those actions (edges in the respective tree).
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Figure 7: Process model dimensions (v. Martial, 1992)

7.1.3 Modeling of Interactions among Processes

Since interactions among processes necessitate a fine-grained control these intbeaetions
be modeled orhe level of actions (i.e.plan elements). Special atomic actiofa, instance
call andwait , can be used in a similar manner to other basic actions of a process.

7.1.4 Modeling of Interactions of Processes with their Environment

The setCONcontains preconditions for the actions erery level ofabstraction of the plan.
This isalsotrue for thetop level action that represents the entire process. Shoulsuolb
action exist, i.e. a processviewed as a sequence of actionsh@tsame levelthen a ,parent”
action can be addedhich aggregates this sequence. Thus, a precondition for this action
corresponds to a precondition of the process.

The predicateSsEQ(a, b) describes the sequencetioé actions andb, the predicat®RE(a,
pc) stands for a preconditiqe that must be fulfilled in order to make actiwrexecutable.

Let P = (ACT, REF, CON)  be a plan representimgyocess andpc be a precondition fqs.
Then, the expression

P’= (ACT, REF, CON O {PRE(a, pc)})
with root (a, P") = = [Ja OACT:(a, a) OREF

indicatesthat the process represented by can only be executed ift is true.
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7.2 Example: Plan Refinement in AEGIS/CAS

Let P = (ACT, REF, CON) and P'= (ACT’, REF’, CON’) both be plans. Aen the
refinement of actioma by the plarP” is defined by

refine (a, P") (P) =(ACT O ACT,
REF O REF O {(a, a)a OACT Oroot(a’, P7)},
CONO CON)

The planningorocedure vl be explained by refining @rocessnodel describinghe necesary
actions to be executed by the Credit Advisory System.

credit handling
. . departmental
credit design aims & objectives
credit rating
=2
plan for plan for E -
this action - this action o
‘check scurities ‘ ‘ check customer‘ g >
@ o
@ |
[} W)
. : > 3
‘ call for security ‘ ‘ assess secunty‘ S
+
refinement J/ ........................................................................ -
‘ record documents ‘ ‘assess paintings ‘ ‘assess deposits‘ ‘assess real estate

Figure 8: Plan refinement

In order toperform a comprehensivask, e.g. a credapplication, that exceeds tlapabili-

ties of a single agent@group of agents approachis task cooperativelyThis is illustrated in
figure 8 bythe overlapping rectangleshich represent the respective tasks or actions of the
credit design agent, the credit rating agent and the departmiemgadrad objectiveagent. The
agent we Wl focus upon is the credit rating agent, a robemofthe credit department, the
head of which ishe creditmanager agent. Weillvnot elaborate on theecessary consultation
process betweedifferentagents, but rather on how a single agent prodhisel®cal process
modelfor those actions/hich it wants to perform by itself.

At a given planningstagen, the top part ofthe model presented in figure 8 has been con-
structed. For ourexample we vl concentrate on the actionall_for_security and
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assess_security . Call_for_security iIs atomic because it can be realized by a letter
generatecutomatically Assess_security ~ may berefined by actionecord_documents  and,
depending onthe kind of security the customer provideddynamically by actions
assess_paintings  , assess_deposits , Or assess_real_estate . Becausedynamics and
context-sensitivity of processaodel refinement is beyoritie scope othis paper, we vl not
elaborate orthis further, insteadwithin this example, we assunsgatic planning. Therefore,
actionassess_security can be refined bthe actionrecord_documents  togetherwith one

of the three alternativehecking proceduresassess_paintings , assess_deposits and
assess_real_estate each of them being specialized tlee respectivekind of security
(paintings, real estate or deposits) the customer may provide.

Supposessess_security 0 ACT andP = (ACT, REF, CON) is theplan before refinement.
The non-atomic actioassess_security is to be refined by plan

P” =({ record_documents, assess_paintings, assess_deposits,
assess_real_estate},

O,

{ SEQ(record_documents, assess_paintings),
SEQ(record_documents, assess_deposits),
SEQ(record_documents, assess_real estate),
PRE(assess_paintings, painting(security _object)),
PRE(assess_deposits, deposit(security _object)),
PRE(assess_real_estate, real_estate(security _object))}).

So refine (assess_security, P") (P) =

(ACT O {record_documents, assess_paintings, assess_deposits,
assess_real_estate},

REF O {(assess_security, record_documents),
(assess_security, assess_paintings),

(assess_security, assess_deposits),
(assess_security, assess_real_estate)},

CON O {SEQ(record_documents, assess_paintings),
SEQ(record_documents, assess_deposits),
SEQ(record_documents, assess_real estate),
PRE(assess_paintings, painting(security_object)),
PRE(assess_deposits, deposit(security _object)),
PRE(assess_real_estate, real_estate(security_object))})
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7.3 Implementation Environment

A first prototype of AEGIS iscurrently under developmenthich incorporates theplan
refinementprocedures formulated above. AEGIS implemented on anetwork of SUN
workstationsusing HP Distributed Smalltalk whichxtends ParcPlace Visuabfks. The
object oriented philosophgtdoptedwithin the projecthas proven a naturahediumfor the
realization of agent oriented concepts.

7.4 Implementing Agent Interfaces with CORBA

Computational agents mur modelarecapable ottoherent, distributedommunication that is
independent of thmternalstructure, resourcemnd capabilities of their underlying information
systems. They interact withne another byiewing the network as a single dedicated know-
ledge object space and ignorimgy spatialdistribution of objects or agentsespectively
(Papazoglou et. al, 1991, pp. 169-202). This implies, first of all, the existence of some standard
communicationnetwork to interconnect the computational agents and thiy atifil these
agents to communicate lexchanging messages.dar model interconnection is provided on

the basis of an implementation of CORBA which can be se¢heasommunication backbone

of the Object Managemewtrchitecture (OMA)(Object Management iIGup, 1992). OMA

was defined bythe Object Managemen&Group (OMG), which among otherswish to
standardize (transparent) access to objedtsin a heterogeneous networkKORBA is the

first component of the OMA to be standardized. In the object model of the OMG a request and
the appropriate result are the centraéans of communication between obje(its the
terminology of thispaper we can equate objects and agents). A request consists of an
operationname andhe appropriate parameters. Such signatures of operations nuesireel

with the help ofthe interfacedefinition language (IDL); i.e. theneans of communication are
signatures written in IDL.

Objects are identified by a unique object identity. Theyreant to anumber of object-specific
messages. After objects have made themselves knowheteystem, message passing is
performed transparently; i.e. the message sending almestnoneed to know the location of
thereceiving object noany implementationassues. If pre-existing information systearg to
be included in our network of computational agents, they first have totimeesgtecification of
the CORBA standard.

However,this solves onlythe problem ofpure communicationAgents musnhot only be able
to receive messages; thalso must understanihe message andeact to it. Therefore, we
must further attach appropriate front-endensions to the pre-existimgformation systems to
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enable them to actively participate irt@operative problersolving process: eacpre-existing
information system needs to be equipped with some (epistemic) knowledgetfarse

Another issue here concerns the integration of information systentee@nganizationdevel
two distinct concepts of integration can ientified. The firstone considers the preisting
information system as being a passdata storagenedium only.That is, the information
system issupposed to provide standard data actaskties whichcan be used bindividual
agents to improve or broaden their knowledge. The second one refers todiyet afrorgan-
izational autonomy. It requirdgbe information system to behave as an intelligemtnputa-
tional agent. In that cashe integration of thenformation system requires agentshell
which encapsulatethe database (Steiner et al., 1990). As a consequencedaachequest
needs to be addressed to the respective agech then decides on its own, whether ialde
and willing to participate in a cooperative task aifidhow it wants tofulfill the request.
Whenever weare concerned with the meling of businesprocesses and workflows these
different concepts of integration play an important role for the taskgainizationaldesign.

On thetechnical levethefirst concept refers to loosmupling of a computational agent and a
(set of) datedbase(s); i.e. loose couplimgplies thatagent and the databases amonanous
systems whichrun independently from each ah The second approachusuallybound up
with tight coupling betweethe agentshell and its localdatabase; i.ethe database and its
intelligent shell form an integrated whole.

8 Conclusion

Today’s enterprises a@hallenged by a rapidly increasing demdadflexibility within their
internal structures.They need to be able tespondrapidly by customizing their internal
processes in order to lable tointroduce competitivgoroducts into the markgtlace. These
requirements have already stimulated huge research efforts in organiztitergl whilst
information technology research bow to suport customization of computer-basbdsiness
processes has not yet been adequately igedstl.

This paper has address#te question of how coordination in decentralized, process-oriented
organizations caneffectively be supported by moderninformation technology.More
specifically, itaddresses thissue of cooperative organizational probleatving within such
settings in that it suggests to base system design on the concept of multi-agent planning.
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The approach presented in tipaperallows us to apply a recognized Distributadificial

Intelligence technique called multi-agent planning as a tool to achieVeasit partially,
automated business process (re-) engineeringvandnappropriate dagn of local andlobal
aims, to proceed towards automatic process customization.

To model andmodify multi-agent plangwo sets ofinteraction types (interactions among
process models, interactions among a prooasdel with its environment) anvo sets of
modelingoperations (modifications, abstractionsfjich can bgerformed on processodels,
were introduced. Thevalidity of this approach was demonstrated by a creghplication
example whichshows how a multi-agerstlystem carcreate amulti-agent planthrough plan
refinement.

The contribution of this paper is thfeld:

% It introduces the concept algent oriented organisatiorend it illustrates how such an

approach could be used within the context of a banking application.

& It introduces thetechnical concepts bywhich this approach can be translated into

specifications and implementations of the respective information system architectures.

& It synthesizes busineggocessorientation and multi-agerlanning, and thus demon-
strates theapplicability of Distributed Artificial Intelligence techniques to business

applications.

Future workwithin the AEGIS project Wl concentrate on threkey issues:(1) further
refinement ofthe agent mode(2) investigation as tthow the concept of an organization can
be fully realized and in whatvay is an organizatiomore thanmerely anaggregation of its
agent members, and (3) empirical evaluation of the applicabilttyeofonceptual an@chnical
approach of AEGIS to real-world bank settings.
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