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Abstract

Drawing fromthe challenges organizatiorse faced with today, there is a growing understan-
ding thatfuture market success, and long-tesorvival of enterprises i increasingly be
related to theeffectiveness of information technology utilization. THiswever, requires to
intertwine much more seriously organizational theory and research in information processing as
it has been done before.

Within this paper, we approachetlis aim from the perspective ofadically decentralized,
computerized enterprises. We further assume that organizarenicreasingly process-
oriented, rather thaapplying tostructuring organizations based on task decomposition and
assigment. This scenario revedisat, due to thénherent autonomy of organizatial units,

the coordination of decentralized organizaticmetivities (workflows, processes) necessitates
a cooperativestyle of problem solving. On this basthe paper introduces into the research
area of cooperative knowledge pragiag, with a particular focus on multi-agent decision
support systems, and humaromputer cooperative workFinally, seveal important
organizational applications of cooperative knowledge processirey preseted that
demonstrate how future enterprises can take great advantage from these new technologies.



1 Introduction

Global competitiondynamicmarkets, andapidly decreasing cycles of technological innova-
tions provide importanthallengedor organizations todaywVorldwide (just in time)availabi-

lity of information, and permanent changes in their cultural, social, and political settings require
enterprises to dramatically improve their flexibility, and their self organization Gaesbilwo

main oganizational strategies have been developedytogh enterprises do address these
challengegoday:radical decentralization of hierarchicgtfuctures, and customer orientation
through enterprise-wide business process (re-)engineering.

Both strategiesgecentralization and businegeocess orientatiorgpply to anorganizdional

model that is increasinglpenetrated through modeimnformation technologies. More and

more, organizationactivitiesare going to beémplemented by computational entitiestead

of involving human employeesnd organizational processes perform iasirggly on a pure
computational basis. It has further been argued that modern information technologies cause
organizational disintegration. This has given risethe idea of computerizednformation-
integrated enterprises as the model of future organizations.

Decentralization enforces the autonomy of organizational subunits. As a consedpeaice,
decisionprocedures awvell asthe behavior ofthose organational subunitgurn out to be
under decentralized contrdihis callsfor a bottom up approach to coordination. On the other
hand, businesprocess orientation requires a more centralized approach, or at tabala
view from which atop down approach tbusinesgprocess (re-)engineering can be developed.
As a resultany approachresolvingthe conflict between thesevo organiational stratejies
requires to sustain the autonomy of the organizational mwitdved. This, inturn, callsfor a
pluralistic, cooperative, knowledge-based approach to coordination and conflict resolution.

Drawing from these requirements — computerization, fractalization, process orientation —
the paper argues th@&wooperativeKnowledge Processings a key technologyor compute-

rized, process-driven organizatiof®r this purpose, wdirst reviewhow the role ofnforma-

tion technology irmorganization theorjnas changed ithe past. Then, we studsactalization,

and businesprocesrientation inorder to work outhe inherent conflict that exists between

these strategies. Next, we present an agent-oriented appraagsirtesprocess orientation,
togetherwith a basic model of computerized organizations. We inémoduce into the
approach, and subfields, of cooperative knowledge processing. On this basis, some applications
of cooperative knowledge processing in business, organization, and management are
presented. Finally, the last section summarizes the results of the paper.
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2 Organizational Paradigms: Evolving Role of Information Technology

Organizational design requires to shape organizaltgiructures so that thresulting body can
pursue theaims and objectives fanally introduced, negottad and decided upon by the
owners of the organization, its members and participants. Thus, the descapatysjs, and
explanation of organizations e of the most important areasmanagement science. Since
long, a diversity of organizational models has been developed, each with a particular focus, and
with distinct applicability to theoretical and real-world problem@ut of these, wehave
selected foumodels inorder to demonstrate how tlmegration of information techfagy
into organizatioal research has changeder the past 50 to 70 yeafiheyare: (1) the lack
box model originating from traditional macroeconon{8) the production-oriented orga-
nizational model of Gutdrerg, (3) thedecision-oriented approach toodeling organiztons,
and (4) the orgaizational model originating from the Management of the 1990's Redeareh
gram which has beeronducted by the Massachusetts Institute of Technaleldy). While

the first two models introducethe historical roots, models (3) and (4) originate from
contemporary organizational research that considers information technology a tesstitu
component of modern organizations.

2.1 Early Work

The black box-modekemerged from traditional macroeconomics; it considers organizations
single atomic entities. This model m®t concerned withwhy anorganization behaves as it
does, nor does it relateternal structures an@ctivities of an enterprise to its success on the
market. Thus, there is no need a&wén no means to investigdtew organizationainforma-

tion processing should bmperated in order tamprove the behavior of an enterprise, or to
contribute to the integration of the organization with its environment.

Theproduction-orientednodel has been developed gsaat of Gutenberg's production theory
(Gutenberg, 1951). Gutenberdistinguishedtwo subsystems of an enterpriseamely the
physical subsysteitthatis, the physical place oproduction) and thadminstrativesubsystem
that involves decision making, planning, orgati@g and themanagement of information. In
that view, enterpriseBave an organization. Organization tise tool by whichthe results of
planning can beet inplace. The important contribution Gutenberg was to reveal that the
internal organizationabtructure affects the outcome of production. Howevehnis model
involves two important shortcomings: production workers are considerethahine-like
components of manufacturing systemscacept that drawfom the theory ofscientific
management (Taylof,919). Further, thenodeldoes not imestgate how thenanagement and
procesing of information caactivelycontribute to organizatial aims and objectives.
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2.2 Decision-Oriented Organization Theory

The next important step in organization theory turned the focus of intemstiston making.

It had been recognized thaty economic activitypresupposes decisionaking which, irturn,
requires extensive information processing capabilMarch and Simon, 1958; Huber and
McDaniel, 1986). Bythis way,the humanfactor andmodels of decision making have been
introduced into the organizatial model. As aesult, three distinabrgankzational subsystems
have been identified th&bgether constitute theecision-oriented organizational mod€hey
are:

1. Thesubsystem of organizational aims and objectinésgrates th@imsand objectives of
the persons, groups, and organizational bodies that are related to the organization.

2. Theinformation processing subsystestores, retrievesand processedata, informéon
and knowledge ilorder toenable decisions that fit witthhe organizatinal aimsand objec-
tives. The information processing subsysteraymor may not involve informaion
processing technology.

3. In general, decision making involvasre than one person. Thus, the resultedision
making alsadepends upon th&ocial subsysteraf an organization, e.g. the social relation-
ships, the balance of power, the availability of information, etc.

Together, these thresubsystemsconstitute organizations as goal-driven socio-ex
entities that acquire and procesfrmation. Enterprisesre organizationsnvolving humans
who collaboratein order toproducecommodities and services. The effectiveness of organiza-
tional processes dependgectly upon thecapability of decision makingnformation techno-
logy adds to decision making in that it speeds up decision processes, and in that it improves the
quality of decisions by involvinghore actual, and even more relevimfdrmation asefore. In

that view, informationtechnology is a tool that facilitatebe storageaccesdility, main-
tenance, and manipulation of data. Software systems are assubsigtmore or lespassive
technical caonponents that aneot capable to apply to organizatiorrales. Thus, thelecision-
orierted approacimay involvequite similar shortcomings than the production-orienteddel,
which considered the organizatideing a tool to implement decisior@)d which involved a

far too restrictive model of production workers.
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2.3 Management of the 1990's Research Program

The Management of the 1990's program was charged witagkefinvestigatingthe impact
of the newinformation technologies on organizationsorder tofind out how the organi-
zations of the 1990's — aihéyond — Wi differ from those of today (Thurow, 1991). To
this purpose, the program usedery broaddefinition of informationtechnaogy including all
types of hardware, communicatioetworks, and software. It also addresseditimgact of
rapidly increasing availability afomputingpower,and the growingmportance ofinformation
technology integration.

From our perspective, fourmplications from thisresearch argarticularly relevan{Morton,
1991, p. 11-21):

1. Information technology is enabling fundamental changes in the way work is done.

The degree to which a person can be affected by changes in information technology depends
on how much of the work isbased on informationMorton writes thatinformation
technology Wi be able to radically changeost structures — production work, coor-
dinative work,and managementork — of atleast 50 per cent of thmembers of an
organization. Information technologyilwaffect the economics anéunctionality of the
coordination process in three ways:

a) Distance can be shrunk zero. Thus, théocation ofwork can be re-examined, as
can potential partners.

b) Time can be shrunk toward zero or, at least, be significantly reduced.

c) The accessibility and, thus, the role of organizational memory will changealbdi
as will the definition and maintenance of organizational knowledge.

2. Information technology causes a disintegration of traditional organizational forms.

The Management of the 1990's research programhas.shown that information techno-
logy is a critical enabler of the re-creation (redefinition) of the organizagMafton, 1991,
p. 17). It affectshe distribution ofpower, function, and control, théefinition of orga-
nizational aimsand objectives, and organizational culture. In that vieWrmation tech-
nology facilitates adhocracies, organizational networkimg creation ofirtual enterprises,
andothernew forms of gettingvork moreeffectivelydone as it igpossibletoday. Insuch
organizational settings, horizontal and vertical structures can be createwdifidd within
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and across organizational borders, just ddpgnonthe current task, thavailability of
resources, and the actual situation on world-wide markets.

. Information technology is enabling the integration of business functions at all levels within
and between organizations.

Due to the continuing expansion of electronic networks and their integration into global net-
works, theability to flexibly interconnect tasks and people is iasiagly available and
affordable. Recent successes of standardization efforts in information techeokigg
companies to asily exchangeasks, anceven to exchange capabilities within asacross
enterprises. This enables enterprises to electronically integrate their structures and processes
in four different forms: withinthe value chain, by creatingnd-to-endinks betveen \alue
chains of differentorganizations, througivalue chainsubstitutionvia sulzontract or
alliance, and through electronic markets. Thusretesance othe membeship-criteriawill
dramatically bereduced, intra- and interorganizatiorsaituctures Wl be intertwined, and
organizational boundaries illv become more permeable as tlag today. In consequence,
organizational strategiesill\no longer be defined in isolation within single organizational
units only (Figure 1).

However, one shouldote thatorganizations must hawe rightinformation technlogy
infrastructure, e.g. communicatiaretworks, application programs, interconnectisgft-
ware, and educated and empowered users b#feyecanfully exploit any of these four
forms of electronic integration.
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Figure 1: Framework of the Management of the 1990's Program (Morton, 1991)

4. Information technology presents new strategic opportunities for organizations that
reassess their missions and operations.

According to Morton, the shifting competitive climate together with new ways getbnk
done and the increased electronic integration requires organizations to step back and rethink
their missionsand theway theyare going to conduct their operations. Hewmo major
stages need to be considerédiithin the automate stagénformation technlogy
applicationsare designed totake the cosbut of "production” (Morton, 1991, p. 16).
Automation often generates new information asygroduct.This involvesthe informate
stage (Zuboff, 1988]ts distinguished characteristic is that this new sort of information can
require the persons concerned, to change skédis and managemermractices if this new
information is to be used succkdly in order to improve the perfomance of an
organization. In other words: the "doer",machine minder W become an "analyzer" who
understands theverall process rather than just looking at tbeal task (Morton, 1991, p.
17).

From the Management of the 1990's program we learn that computer technologgtdomds

provide an infrastructure forommunication andlata managementbut that itenables the
implementation of new organizational strategies, and that it ievteatesthe development of
completely new organizational solutions. This has already chahgeadternal structures of
many existing enterprises, and has resulted in magoodifications of worldwide market
relationships (Morton, 1991)p0.
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2.4 Organizational Integration of Human and Machine-Based Problem Solving

The above discussion reveals that information technology is more and more penetrating our
models, anaur understanding of organizations. This requires us to rethmkrganizational
approach. In future, weilvsee an increasing number of organizationsttivatout to bepure
computational entities collaborating in virtual environmentsroler tomake moniegor their

owners (e.g., Levitt et.al.,, 1994; de Greef, 1994; Bocionek, 1994). &uomiputational
organizations have emerged recentlythe financial services industry, where significant

portion of today'dusiness athe capital markets is alreadyperated byself-contained trading
agents.

It thus haseen recognized that it is quite@satisfying tostudy suchartificial enterprisegrom

a traditional organization theory perspective (Ketral., 1994 Carley & Prietula, 1994). The
only link left to traditional organization theory is that of hans are the owners o$uch
computational organizations. The methods and tools providettrabjtional organization
theory arenot suitable to deal with such computataborganizations. Therefore, organization
theory needs to be extended in that it can alsanibelved into describing, analyzing,
explaining, and designing comptized, informationintegrated enterprises of the futufiéis
raises the problem diow autonomousself-contained computational agents (aawtordingly,
computational organizations) can be incorporated into the organizational model.

These issues have been addressed by researtheimecently emergeddiscipline of
computational organization theofg.g.,Masuch, 1990Carley & Prietula,]1994; speciaissue
of this journal in December 1993). Furtiveork has beemronducted in relatedisciplines such
as operations research (Matsuda, 1992), computer supported coopeoaki(Steiner et.al.,
1990), coordination theory (Malone and Crowston, 1993; Kirn, 1994; Kirn and O'Hare, 1995)

3 New Organizational Strategies: A Brief Review

In the past, a greakeal ofwork has beemevoted 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 decelitedion
(fractalization) ofthe structure of organizations. However, current approachedudiness
process orientation are, at lepattially, incompatible withhe strategy ofadical decentraliza-
tion. Applying to the Management of the 1990's research program we suggest to tesolve
inherent conflict through modern information technologies.
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3.1 Business Process Orientation

According to Davenport a procesgy bedefined as atructured measuredset ofactivities
designed t@roduce awell-specifiedoutputfor a single customer or market. Procegsnta-

tion puts strongmphasis olmow work is getting done, in contrast to a more product-oriented
focus onwhat Thus,businesgrocess orientation represents a revolutionary change in per-
spective: 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 an organization.While the latter istypically a snapshot that shows

how responsibilitiesyesourcescommunication channels, and information flave distributed
across an organization, the former providetymamic view ofhow the organizatiodelivers

value. Furtherwhile structures cannot be assessednagproved directly, processeasvolve

cost, time, output quality and cstomer satisfaction, they relate to well-known trigug
events and they result well-defined final states. Thuswhenever one reducesost or
increases customer satisfaction processes are improved, and not the organizational hierarchy.

The key issues gfrocess orientation can lsemmarized in five pointDavenport, 1993, pp.
299-303):

1. Processes are tkey elements to be addressedimder totransform organizations and to
improve their performance.

2. An explicit— and holistic- approach to process orientation is neces3dng. involves the
description andanalysis as well aghe formal representation and thexformation
technology-based management of business processes as the key factors for success.

3. Information technology provides a powerful tool for enabling and implementing processes.

4. How anenterprise approaches organization Aothanresources igritical to the enable-
ment and implementation of smart business processes.

5. Process orientation must oceuithin astrategic context and must be guided lwsson of
the future process states.

Sincethe pioneeringwork of Porter (Porter, 1985pusiness process orientation has received
an overwhelnmg attention by bottacademia and practitiongiScheer, 1994). Its moshpor-
tant contribution is that it provides for a systemaltitglligible approach to the naeling and
(re-)engineering of organizations. Théwm; the rest of the paper vassume thahe design of
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future organizations MW focus on processes. That we will primarily be concerned with the
modeling, management, ardntrol of processes rather thapplying totask decomposition,
and to the modeling of static organizational structures.

3.2 Fractalization

The enterprise of the futureillbe radicallydecentralized, imrder to neet thechallenges of
the increasing complexity of their environment, ahe dynamics ofworld-wide competition.
Decentralization involvethe allocation of autonomy, resources, agsponsibilities taleeper
levels of the organizationahierarchy(Tapscottand Caston, 1993; Warnecke, 199This
requires enterprises to replace the traditional approach of hieramhiwaihng bymore decen-
tralizedconcepts otoodination. Inturn, autonomous org&ational subunits need &xhibit

a muchgreater degree antelligence and self-referencirgkills than they daoday. This has
given rise tothe notion of organizational fractals (Warnecke, 1991). These are eqwped
self-organizationskills thus enabling themnot only to recursively form complexhighly
organized entitieput also tomodify these entities, for instance witlespect todynamic
environments or changingustomer demands. Organizational fractate provided with
operational definitions of their locgoals, and areapable to cooperatively creating global
hierarchies of aimand objectives. They exhibit intelligent local and glatxadrdinationskills,
and abene/olent style ofcooperation Accordingly, fractalization permits largerganzations
to exhibit greaterflexibility and adaptivity, and it also provides to thenmadiumthrough
which they can effectively refresh their learning capabilities (Warnecke, 1991).

3.3 Fractalization versus Business Process Orientation: Conflicting Strategies?

Organizational fractals involve maximumdegree oflocal autonomy, self-control, argelf-
organizationskills. Aiming to maximizetheir local utility (for instance, in terms of profit),
organkational fractals decide on their own whettiezy arewilling to cooperate, or teolla-
boratewith other organizatioal units. There is no direct means, evet for thetop nmanage-
ment of an enterprise, hwyhich fractals can be compelled to behave tedain manner. The
single acceptable way toontrol their behavior isthrough designing a globallyconsistent
system of aims and objectives (Warnecke, 1991).

However, due to bounded rationality, organizatians notable inmost cases t@stablish
consistent goal hierarchies. laeat, thedifferent goals that exist within an organization are
more or less inconsistent, the knowleddmut goaland relationships between theamains
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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.

On the othehand, current approacheshuosinesprocess orientation presuppose that organi-
zations havehe time, knowledge andkills to preciselydescribe, analyze, and designter-
prise-widebushess processes. They furtlseppose that, through @erative (not necessarily
algorithmic) procedure ofefinement, 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 approabbginesprocessngineering, or,

at least, a global perspective (Hammer @mémpy,1991) which, by definition,cannotexist
within fractdized enterprises. Instead, organizational fractals ncosiperatewhenever they
aim to create (bottom up!) amnterprise-wide businegzrocess. Asimilar conflict exists
between thdocal autonomy of organizational fractals, ahd need to tie them to axisting
business preess. These confliceredirectly related tdhe degree of autonomy of tifractals
involved.

As a consequence, it is very difficult or may be even impossible in general to resolve these con-
flicts by standardized rules and decision criteria. Wheneweaims tointroducebusinesgro-

cess orietation into asystem oforganzational fractals one needs &pply to decentralized,
cooperation-based concepts of process modeling and control (Kirn et.al., Agpdpordina-

tion concept must sustain thedividual autonomy of each single fractal, and it mustvjte
appropriate knowledge processing techniquesrdler to copewvith the epistemologal issues

of incompleteness, uncertainty, and fuzziness.

These challenges can bddressed by recent advances in cooperative knowledge processing
technology (Warnecke, 199Kjrn et.al., 1994)This work aims tointegrate decentralized but
autmomously operating data and knowledge sources, ameblvesstandard techniquésom
Artificial Intelligence inorder to copevith the epistemological issues mentioned above. These
techniques carnelp to bridge boundaries within artross organizations, and fiexibly
exchangedasks, know how, andeographically distributetesources between distinatgani-
zational unityHastings, 1993). Byhis way, theyare quitewell suited to re-integratdisinte-
grated oganizational structures thdiave been replacethrough "electronic"arm's-length
relationships (Morton, 1991; Hastings, 1993).
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4 Redesigning Business Processes: Towards A Model of Computerized
Organizations

4.1 Requirements

The above discussion demonstrates that to resbieonflict between decentralization and
procesrientation requires us to rethink the conceptual approachodehmgprocesses. The
basic assumptions on which such work should be built are:

1. No longer do organizatiomsvolve human members only.dtead, future organizationsll
also comprise artificialsoftware-basednembers on theiown right. We thus adopt an
agent-oriented approach toodeling organizations, that is, an agent represents either a
human or an artificial, software-based member of an organization.

2. In contrast to traditional organization theamgembers of an organizati@are regarded as
script-providers who arable to autonomouslgperate more or lesomplex scriptsThis
affects the modeling of processesich, now, is primarilyconcerned witttustonization of
processes, rather than with creating them from scratch (Kirn et.al., 1994).

3. The distinction betweemembers of an organization and enteganizaéional units is
becomingmore permeable: lone case a single aganty provide an appropriate script to
solve a problemwhile in another situation theametask may betackled by acooperéive
process, for instance created and operated by an adhocracy that involves agents from two or
more organizational units.

4. In the past, ganizational structurdsave beercreatedop down, thus representirfgnda-
mental decisions about the division of labor across an organization. A quite similar approach
has been employed in busingsscess orientation, whegtobal processeare transformed
into subprocesses, workflows, and activities. However, prodesgn in decentralized
organizational settings needs pat much more emphasis orthe bottom up perspective.
Drawing fromthe capabilities of humans, computatiorgents, and organizational fractals
the task ofdesigning organizationsilprimarily be corcerned with creating workflows and
processes bottom up.

Though,still much more important, the bottom up approachbtsinesgprocessengineering
enables organizations to gatrategic advantages byproving their capability t@wreate new
products based upaiready available capabilities, by applyithggir competencies much more
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efficiently to the market than before, and, thus significantly improvingtheir resposiveness
to dynamic market environments.

4.2 Basic Organizational Model

Referring tothe requirements described abower organizationamodel grounds on inter-
acting organizational processes that perfarnthin an arlitrary organzationalstructure.This
approach focuses on procesedaing andcontrol, rather thamlealing withthe desription
and design of organizational hierarchies. Thius,organizatinal structuremay be a furional
hierarchy, an adhocracy, a strategic partnership, or anything else. Waogdsthatthis
perspective excludes some issues #ratimportant inorganization theory irgeneral(e.g.
organizational behavior, interactions between organizations and their environmentbetc
for the moment, it facilitates concentrating on process modeling, management, and control.

The organizational structurebuilds on four different types of agentgsingle) agents —
(informal) socialgroups — (formal) organizational units — enterprise. On this basis, (at
least) fourdifferent organizational layers can be identified (FigRyeAdditional layers can
easily be introduced, e.g. if organizational ufriecussively) includeone or more other organi-
zationalunits. Within Figure 2 the enterprise can dewed as an embodiment of a hierarchy
and inter-agent activities.

Organizational

Enterprise

QO (informal) group
() human actor
@ computational actor

Figure 2: Symbolic Representation of a 4-Layered Organization

We now turn ouiinterest to thenodelingof organizational processdsour distinct types of
processes can be identified which refer to the four organizational layers mentioned above:
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1. (Individual) scripts Sequences of atomic operations performed byiodigidual agent.
That is, human and computationaljents are script providers. Wassume that agents
primarily contribute complex scripts instead of performing atomic activities only.

2. Workflows Networks ofindividual scripts on thdevel of groups thusnvolving the work of
at leasttwo individual agents. From the perspective of the organization groups are "work-
flow providers".

3. ProcessesNetworks of workflows (thusnvolving the work of one or more groups) and
scripts (thugnvolving the work of one or moradividual agents) on théevel of a single
organizéional unit, which are assumed to be organizational fractals. They "process
providers". We further assume thaty process represenexactly one single product or
service being provided by one single organizational fractal (Figure 3).

4. Business processeRefer to enterprise-wide networks of processdsch involve at least
two omanizational units working in close collaboration. Busings®cesses are
implementing value chains. Theye the tool throughvhich customeiorientation can be
implemented across whole organizations.

Organizational Organizational
Unit A Unit B

i
N/

Organizational

%

configurable,
adaptable processes

Figure 3: Cooperating Organizational Units
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4.3 The Strategic, Tactical, and Operative Layer of Process Management

The definitionsintroduced above reveal that processes mustdaieled on different levels of
abstraction. For instance, scripts represeny detailed informatioabout single (atomic) acti-
vities, while, in general, representations of business processes need not to be operational at all.

In order toidentify the appropriatdéevels ofabstraction weapply tothe discrimination into
strategic, tactical, and operative managementth@nstrategidayer, weare concerneavith
lean management, businepsocess (re-)engineering, and procéssovation (Davenport,
1993). Thais, the focus of strategimanagement is on businga®cesses, in order imple-
ment full customer orientation across the whole enterprise. Important tagélse the
redesign of value chaintgtal quality managemenprocess-oriented costanagement, and, if
necessary, outsourcing pfocesses. On the tactidaler, management is concerned with the
modeling, analysisand reorganization of processes. One of the most impaost@s here is
to raisethe flexibility of organizations. This is particular important ihe services industry,
where a directelationship existbetween a supplierability to meet the preferences woidivi-
dual customers, and its success on the mark®illy, onthe operativéayer weare concerned
with the modéng, analysis, implementatiomnd control of (parameterized)orkflows. This
task can besupported by workflonmanagement systems theate well suited to create and
maintain formal representations of workflows, andrigger and control the operation wéll-
organized, distributed activities.

Scripts, and workflows arpart of theoperative layerof an organization, processeser to
thetactical layer and businesgrocessedelong tothe strategic layerof an enterprise. Thus,
wherever we are concerned with workflowanagement we refer the operativdayer. In
general, conventional sefare concepts angell suited to instantiate workflows according to
the requirenents of a particulasrganizatimal situation. Moving tathe tacticallayer we learn

that knowledge-based techniques are required in order to create configurations of processes, to
copewith uncertainty and incomplete knowledge, and to resolve goal conflicte#lyadrise
between different orgezational units cooperating together, or between an organization and its
customers. In other words: wdidww management providefor automation rather than
supporting organizationdlexibility, while process managemeptimarily concentrates on the
flexibility of organizaions rather than addressing the automation of processes.
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5 Cooperative Knowledge Processing

5.1 Overview

Moderninformation technologies cause a disintegration of enterpmgash requires us to

turn the attention to the (re-)integration geviously distributed organizational knowledge.

This task requires a&ollaborative, intedisciplinary effort of differentscientific disciplines, as

there are traditional and computational organization theory, comgup@orted cooperative

work, humancomputer interaction, anshformation processing technology (Simoudis and
Adler, 1992). Wth respect to suchwork, Figure 4 depicts some important topics in
cooperative knowledge processing research. These are addressed by several ambitious researct
programs, for instancevithin ESPRIT (Europe), thdntelligent Manufacturing Systems
initiative (Japan), and the DARPA Knowledge Sharing Effort (United States).

We haveargued, that, due to theherent autonomy of organizational uretsy approach to
coordnate decentted activities spposes a cooperativatyle of problem solvingFor this
purpose, andvith respect to thewumber of humans and computatiogents,six distinct
types of cooperationan be identified. Eactooperatiortype refers to alistinguishedarea of
research in cooperative knowledge processing (Table 1).

Otganizational Context Human & Artificial Actors

decentralization intelligent interfaces (HCD
increased local autonomy coopetation protocols
networking competence discovery
emergent cooperation attention focusing capabilities
business processes conflicting goals & roles

Integrating

Distributed: Expertise

Multinle Domains : Open World

common ontologies system dynamics
integration (data, functions) parallelism

multiple levels of interaction global picture?
extremely complex search space open SW architectures
uncertainty / vagueness

Figure 4: The Challenges of Cooperative Knowledge Processing
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multiple computational Distributed Artificial | Multi-Agent Decision| Human Computer
agents Intelligence Support Systems Cooperative Work

one computational agent _ Personal Assistants

(Assisting Computerg Groupware
User Agents)

traditional
Organization Theory|

no computational agent
involved

‘ no persons involved‘ one person ‘ multiple persons

Table 1: Taxonomy of Cooperation Types in Computerized Organizations

As far as knowledge processing is concerned, traditional organization theory and groupware
address cooperation betwemmmans Thus, they both are concerned with supporting coopera-
tive knowledge processingput they donot provide any cooperative knowledge processing
technology Recent work incomputational organization theory is concerned vaitiplying
agent-oriented techniques tinplementing, modeling and simulation of organizational
structures and processéSarley & Prietula, 1994; Masuch990). Research in personal
assistants (Hoschka, 1991; Bocionek, 1%#js todevelop hardware platforms and software
agents in order talischarge humans fromoutine work. This has given rise to develop
concepts of cooperation between dwenanexpert and itsntelligent assistaniStolze, 1991).
Distributedartificial intelligence, orthe otherhand, is concerned wittoopeative knowledge
processing among pure computational entities, thus dirglthumans from being involved
(Bond and Gasser, 1988). Multi-agedécision support systems, and humanomputer
cooperative work(Steiner et.al., 1990Kirn, 1993) refer to cooperation scenarios where a
group of software agents either collaboraiéh one, orwith several humans. Research in
these areasvolves perspectives from distribed artificial intelligence, (intelligent) personal
assistants, organization theory, and social sciences.

Within this paper, we arenainly interested in thoseubfields ofcooperative knowledgpro-
cessing, that involvevo or more software agents, and at least bumanexpert. We further
suppose that cooperation takglace in an organizationgontext. Thatis, the members of
such humartomputer teams are supposed to joingame organizational bodigr instance
the same company, organizationaétwork, orvirtual enterprise. We thusoncentrate on
multi-agent decisiosupportsystems and humaromputer cooperative workeing primarily
interested in the theoretical foundations, and organizatiapplications of these areas of
coopeative knowledge processing.
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5.2 Multi-Agent Decision Support Systems (MA-DSS)

Up to now, multi-agent decisiosupportsystemsare assumed being a subfield of distributed
artificial intelligence (Bond and Gasser, 1988pwever this classification is fatoo restrictive
if one applies to decision making in organizations, because of three reasons:

1. Main Research InteresThe nmaininterest in doing research in multi-agent decisaopport
systems is on decisiorugport. Thus,research in multi-agent decisi@upportsystems
addresses the integration ditributed expertise througinformation procesing techno-
logy, in order to improve human decision making.

2. Research PerspectiveResearch in multi-agent decisisupportsystems involveshree
distinct research perspectives:

a) Thedecision support perspectiams toimprove (human) decision makirtigrough
the integration of distributed expertiadile atthe same timepreseving the local
autonomy of "expertise-providers".

b) Theorganizational perspectivassumes that decision makingpeformed inorga-
nizations. Thusany research approach is requiredinoolve organizatimal struc-
tures and processes, hierarchies of aims and objectives, organizational behavior, etc.

c) Thetechnology perspectiveupposes information technologypport for coopera-
tive knowledge procesng. This involves atrong distributedartificial intelligence
perspective, supplemented through advandagiman computer interaction
technology.

d) Thus, multi-agent decisigupportsystems havéhree nain roots those otlecision
theory, organization theory, and distribuggtlficial intelligence.Further, the deve-
lopment of multi-agent decision support systems requires to involve deefeilgew
from the respective application domains (for instance, financial consulting).

3. Enabling TechnologyThe design ofattention (and, subsequently, knowledd@ajusing
capabilities of an organization @gne of the hardegproblems in organization theory in
general (Blanningt.al., 1992). From that perspective, distribwaedicial intelligence is an
important enablingtechnology. However, it has been @aed thatdistributed artiftial
intelligence remains to badapted morelosely tothe requirenents ofcooperation, and
coordination in (human) organizations (Kirn, 1994).
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MA-DSS Rationales

local autonomy, individual goals

self contained user agents Organizational Distributed Al
multiple domains
decentralized organizational seftings tlti-agent planning [v. Martial]
open world ntentionality [Jennings, Sunderme
nflict resolution - [Klein; Sycara
ordination [Gasset]
ecision procedures [Ginsbe
ffice applications [Hewitt, de J

IT-otiented Organization Theory

erized organization [Tapscott]
organizational intelligence [Matsudal
comp: organizational theory  [Gasser
astch, Carle

Application Prototypes (Germany)

Management of the 1 s [Mort ppointmen vSvstems _
IT for business processes [Schee [ECRC, Sieme

Drivate Bal

—— ERESCO [FUHIWes
= Magni FU:Berlin
— AlIFIWIB [Giessen/M
— MAMBA [Minster, 1

Figure 5: Rationales of Multi-Agent Decision Support Systems

It is beyondthe scope othis paper tofully develop a research agenda in multi-agent decision
supportsystems. Although, Figure 5 depicts someh& most important questions that are
currently approached by research in what avee/ call organizational distributed artificial
intelligence, andnformation technology-orientedrganization theory. In the past, th®jor
problemwas toinvolve distributedartificial intelligencetechnology into productivelecision
supportapplications. This, howevemayhave alreadgtarted tochangeForinstance, in 1992
a five years national research program has been launched in Germaagdiiesses distributed
information system applit@ns in business and management (Katigl., 1995). Thenission

of this research program is to provide solutions, that meetirgendemand of industry for
information processingtechnology inorder to support knodge processing in loosely
coupled organizations such as adhocracies, virtual organizations, and stresgicks.
Within that prgram, eightout of 22 prgects base theitechnicalapproach on distributed
artificial intelligence. However, in contrast toearlier research in distributedrtificial
intelligence, these projects are stronghpplicaion-driven. Typically, the researchteams
involve experts frommanagement science and distribugetificial intelligence,and they are
working in close cooperation with industry.
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5.3 Human Computer Cooperative Work

Evolving fromthe UnitedKingdom's mid-eighties Alveynitiatives Human-ComputeCoope-
ration (HCC) projec{Smyth and Clarke]990), theidea of integrating computational agents
with the human organization has gaingtkat attention in literature (Steiner et.al., 1990; de
Greef et.al., 1991; Kirn et.al., 1994). The goal of the HCC project "... was to devsiugea
user cooperativenechanisnwhere the generation of a satisfacteojution could be enhanced
by a machine having the ability teenerate alternative and supplementary information based on
a solution proposed by the user" (Smyth, 1994, pWhjle this earlyapproach did never aim
to develop softwaragents recent work orhuman comuter cooperation ibeing applied to
scenarios that involve multiple humaneoperating with mitiple software agents (Steiner
et.al., 1990). Within this context heresgemdairly clear that the concept bimancomputer
cooperation is of great interest émy research on computerizextganizations. However, a
brief review ofrecent workreveals important open problems, anceven identifies major
research areas that remain to be addressed.

Research on humamomputer cooperative work @arriedout in numeroudisciplines, such as
computer supported cooperative wookfice information systems, intelligentser interfaces,
artificial intelligence,and, in particular, distributedrtificial intelligence. There is a great
awareness, regarding the importance of dointerdisciplinary research across these
disciplines.However,only little work sofar has addressdtbw to coordinate distinct research
approaches, and how to integrate results that emerge from different fields of interest.

As part of the ESPRIT Il project Imagine, first steps have been undertaken developing towards
a framavork of human computer cooperative work. Byhis work, human computer
cooperative workhas been defined "... loosely asoperative worknvolving many human
agents and many system agerit Greef et.al., 1991). first reviewedthe respective theore-

tical foundations such as organization theory (Mintzb83,9), human-computer interaction,
structuredanalysis(Yourdon, 1989)Jinguistic approaches (Cohen and Perrault, 1984in
andMoore, 1977), matheatical gameheory (Axelrod, 1984), and distributextificial intelli-

gence (Bond and Gasser, 1988). On Heais, aset of research perspectivess been presen-

ted, as there are a task oriented perspective, a communicative and / or tool perspective, an eco-
logical perspective, a democratic perspective, faildre explanation and previéon. At the

end, the approach identified three orthogalesign dimensions that spas@ace irwhich any
system could be represented as a point (Figure 6).

The cooperation dimensiomefers to concepts of cooperatianthin software-baseanulti-
agentsystems emerging from distributadificial intelligence. Thisalso involveghe question
how appropriate usanterfaces can be developed that fit wille interaction requireents
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imposed by a humactomputer cooperative woscenario. Theupervisor dimensiopoints to
thecommand andontrol agent(s) of aumancomputer cooperative wolystem Finally, the
tool dimension can bassociated witlsupport forhuman-humarcooperative work, like as in
the domain of computer supported cooperative work.

>

cooperation dimension

tool dimension

Figure 6: Human Computer Cooperative Work Design Dimensions

There has beengreatdeal ofwork in different scientific disciplines addressing isstlest, in
some way, relate ttiumancomputer cooperative worlBesides developingowards new
information processing technologies, tiasic motivation in doing sucWork is mainly to
support hurans being employed imore orless computerized enterprises. Amdhg most
activedisciplinesthere are computer supported cooperative waidtributed artificial intelli-
gence, anthumancomputer interaction. In contrast, theremy little (if any) work in organi-
zational research that addreskess computational (knowledge-based) agents could be incor-
porated, on a human-like level, intoganization theory. A closer loakeveals that software
agents arsubsumed undehe information processing system, which is assumed to lback b
box-like passive component tife organization. In thirst view, thismay bereasmable from
the perspective of organizations in that it keeps the focu® onrelations among humans.
However, this approach is a major drawback ofirrent research, because it impedes
information processing technology to becoming closely cdedeavith organizational
research.
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6 Organizational Applications

Applying to the emergentelevance of information-integrated enterprisesaneenow going to
discuss some applications of cooperative knowledge processing in computerized organizations.
Most olganizational activities require to select, evaluate, @mndessndividual and organiza-

tional knowledge. We thuspply to a decision-orientegpproach (Kirn, 1992) iorder to
classify knowledge processing activities according to the phases of decision making:

1. Problem Identification The first phase requires organizations to focus their attention
towards the most important tasks, and problems.

2. Knowledge DiscoveryThe second phasevolves to identify, and seletihose capabties
that can effectively support solving the problem at hand.

3. Planning The third phase develops an appropriate organizational praaleing straegy
(plan), allocates the resources required,idedtifiespotertial coordinationtasks.Planning
may beperformed by one singlmember, or by a collaborative effort of severembers of
the organization.

4. Plan ExecutionThis requireshe members of organization fwocess theindividual tasks
according to the plan to which they have applied.

5. Evaluation of Resultdn the last phase, results are checkedrder toterminate problem
solving, or to trigger a new problem solving procedure.

To varying degreesall these phasesvolve cooperative knowledge processing. We, thus,
examine inmore detailthe relevance of cooperative knowledge processing to ordg@omah
attentionfocusing capabilities, knowledge discovery, and process management. The latter inte-
grates the tasks gflanning, and plarfprocess) executiorkinally, it is discussed hoveelf
organization skills can be introduced into process oriented, computerized organizations.

6.1 Attention Focusing Capabilities

It has beerargued that the real scarce organizational resource is the one of ati@risng
capdilities (Blanninget.al., 1992). Theelevance of this problem is directly related to the
degree of decentralization, the acceleratiomfairmation flow, andhe everincreasing dyna-
mics and complexity of the environment of organizations.
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The capability of anorganization to focus its attention on the most important problems, and
events dependd) upon thaespectivandividual capabilities ofts members, an(2) upon the
organizatimal capability tocoordinatendividual behaviotowardsglobal goals. The capdity

of individuals to focus their attention involves two distinct issues:

1. Taxonomy of local goalsin an organizationalkcontext, individuals pursue informal
(private), andormal (organizationalyjoals. In general, it is assumed thratividuals aim at
maximizingtheir local utility that issupposed tdeing positivelycorrelated to the degree to
which they achieve their locgoals. An importantimitation has been identified that of
bounded rationality (March and Simon, 1958).

2. Information filtering In order to approach thdwcal goalsndividualsneed to filter, and to
assess incoming informatioBue to theincreasing availability oklectronic mediaknow-
ledge workers are suffering from informationoverload. Thus, informatiorfiltering
mechanismsre required throughtwvhich the limited informationprocesing capabilities of
humans can be allocated to the most important tasks and problems.

This has given rise to develop information filtermgents (ACM, 1994). These arapable to
evaluateinformation with respect toocal goals,for instance through search fpredefined
keywords, role desiptions, deadlines, contextual information, or wiéspect to deemodels
of an application. Above all, information filtering agents relate to personal assistants.

In an organizationatontext, humansre cooperating, and collaborating withers of the
same, and obther enterprises. Thus, attentimeusing capabilities alsovolve anenterprise-
wide perspectiveywhich requires informatiorfiltering agents to collalrate in order to adapt
their filteringwork to their organizational environment. This,turn, requireghem tocoordi-
nate local goals towards global aims and objectives, to collaboratiesityfy importantglobal
problems, and to draw appropriate cosmas forthosefiltering criteria theyare applying on
their local level. In this viewgcooperativeinformation filteringagents either relate taulti-
agent decision support systems, or to human computer cooperative work.

6.2 Knowledge Discovery

The second phase of organizational probkstving requires tadentify, and selecthose
pieces of knowledge that can help to sdille problem at hand. In general, a diversity of
knowledge sourcesilivbe able tocontribute to a particular task. bur contexthere, know-
ledge sources amssumed to be under decelited control, aiming tocontribute to a maxi-
mum of global organizational productivity (benevolent agents).
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This scenario inherently involvésowledge processing, andniécessarily requires @opera-

tive style of problem solving. Since long, distributetificial intelligence techniques have been
employed toapproach theproblem of knowledge discovery in decentralized environments
(Kirn, 1992). More recently, therapidly increasing availability ofnformation within the
internet hasttracted people tdevelop knowledge discovery agents that brothsentemet.
Again, these agenftsstly relate to the area of personal assistants. However, due to the com-
plexity of the internet (andimilar knowledge sources) future knowleddjscovery agentsiill
perform their work in parallel, and cooperatively. Thisilwtransform the concept of
knowledge discovery agents into that of a multi-agent decsigportsystem, where the
different knowledge discovery agents perform their search in close collaboration

6.3 Business Process Orientation

There is already a large body of literature originating from organization theory amhea
ment science as well as from Distribd Al, which argues that numerous problemsusiness
andorganizaions could be quite naturalgddressed by a multi-agent systapproach. Some
prominent exampleare thevirtual enterprise (Davidow and Malonk992) and thdractaliza-
tion of organizations (Warnecke, 1991), thedaling and simulation oénterprises (Fox,
1981), the efforts towards an integrated coordination theory (Malone, Xepport ofbusi-
ness processes and workflows (Malone et18B3), and enterprise integration (Petire,
1992).

6.3.1 Overview

The organizational model presented abapplied to astatic, and alynamicperspective. The
static organizationatructureestablishes durable relationships between humans, and computa-
tional members of anrganization. Thalynamicperspective is process-oriented, thus descri-
bing how hunmans and computationabgents cooperatend collaborate iorder toachieve at
common goals. The question spw this affectsthe concept of process orientatioNith
respect to the type of agents involved, three different process scenarios can be identified:

1. Humansonly areinvolved. This scenario refers the currentdiscussion irthe literature.
Software systemsmay be involvedalso, supposed that they dot apply to an organi-
zational role (for instance text processors, electronic spreadsheets).

2. Humans and computationalgents arenvolved. This providegor partially computerized
processes and workflows. It requires us to integnatean anccomputer-based pbtem
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solving (human computer cooperative work), to desigglligent user intéaces inorder to
enable humans collaborating with computatioagkents, and to provideoomination
mechanisms being able toope with interactions between hwams and self-contained
software agents.

3. Computationahgentsonly are involved. Thus, processes and workflavesully compute-
rized. The main concern, thus, is on representatiorgnagement, and control of software-
based processes (Kirn et.al., 1994).

Referring to Table lthefirst point is a subfield of traditional organization theory. Due to the
dominant role ohumancomputer interfaces, the second point relatesarily to the field of
personal assistants. Further research tap@grelate either to multi-agent decisisapport
systems, or to humatomputer cooperative workinally, the third point refers tdistributed
artificial intelligence. Thisarea is ofincreasing relevance becausetbé evolving compu-
terization of organizations. Two questions arise:

1. How cancooperationand collaboration between sucbhmputationalagents be related to
process-oriented models of organizations?

2. How can distributedartificial intelligence cotribute to adapt and creategodinae, and
control computerized processes that are embedded into an organizational context?

We have argued elsewhere thfa first problem can be approached by taking advantage

the conceptual similarity between processes (and workflows), and multi-agent plans in distribu-
ted artificial intelligence (Kirnet.al., 1994). We are aware thaven onthe conceptuakevel,

there are still some differences between these two concepts. Nevertheless, mutiiaageny
provides powerful techniques byhich processes and workflows can be represented,
evaluated, and controlled.

The second poininvolvesthree distinct topics: customization of processemdination of
interacting processes, and organizational flexibility.

6.3.2 Customization of Processes

Thebasic idea behinthe shift to businesprocesses is that of enterprise-wide customer orien-
tation. Customer orientatidirstly requires enterprises wassifytheir customers with respect
to the preferencethey exhibit. Then, they shape néeor redesign existingproducts so that
the preferences of @gpical customer in suclgroupscan best be addressed. Adiogly, the
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respective processes need to be (re-)designed with respect to the entarpresesl objec-
tives.

However, in order tasurvive on dynamienarkets enterprises neéeing able tocustamize
their products, and, thugheir processes to new, changingcustomer demands.uStomi-
zation of a process can be achieved either by adapting a single processdwithel prefe-
rences of a particular customer, or by creating configurations of processefeinto meet
more complex preference portfolios. Thistumn, requiresorganizations to provide set of
well-shaped processes representing elementary proteanspfocessggogether with a set of
powerful operators bwhich customizegrocess cdigurations émart process managemgnt
can be provided. Further, process customization doesSralsmle to discover, evaluate and
resolve interactions between distinct processes that perform itepd&edcess customization
is performed on the operative layer of process management.

Figure 8 demonstrates tlbasic idea behingrocess customization: Fromsat of available
scripts, workflows and processes those are selected that can contribtiéskabhand. The
second stepnvolves to create (andoptimize) a process configuration that ceificiently
address a complex portfolio of preferences of a particuistomer. The third step, then, is to
operatethis process configuration. This, tarn, involvescoordination in order to detect, and
to resolve inter- and intra-process relationships.

Pattern Matching:
e, compotencel..) consulation
reporting procedures process
success criteria management i o
disposition Goals:

Constraints:

customer
profiles

2
2
S

customized business
process

_loose _| product rewarding cooperation
coupling prafiles systems intelligence \

cooperative information system

Figure 8: Customization of Business Processes
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In contrast to traditional approach@sg., Gaitanides)process coordination is chargedth
adapting scripts, workflows and processes to the preferencegmiuf@ of) customers, rather
than dealing with interdependencies that exist between small subtasks being under the responsi-
bility of distinct organizatimal units. This requires organizational fractalsetdnibit extesive
coordinative capabtlies. Thus, going far beyond todagancept of workflowmanagement,
future processmanagement systems must be capablefficiently supportorganizational
flexibility through a diversity of methods of process customization. It has beeedargcently,
that this carefficiently besupported by methods afulti-agent planningor moredetails, the
reader is referred to recently published work (Kirn et.al., 1994; v. Martial, 1992).

6.3.3 Coordination of Interacting Organizational Processes

Typically, within organizations a large number mfocesses angerforming in parallelDue to
interacting goalsgonflicting resource allocations, and thiee, these processes cannot be ope-
rated in isolation. Processemy further interact with their environmentgiteractions between
processes, or between a process and its environment, ctasdedthrough threealistinct
dimensions:

First, process interactionsay be classifiedvith respect to the consequences thiage (v.
Martial, 1992):

1. Positive relationshipThere exists a positive relationship between two processes A and B, if
andonly if eitherthe result of A, or the outcome of B, or the outcome of both processses
being improvedhrough the interaction of process A with process B.

2. Neutral relationship There exists a neutral relationship betweeo processes A and B, if
and only if neither the result of A, nor the outcome of B, nor the outcome of both processes
in combination will be affected by the interaction of process A with process B.

3. Negative relationshipThere exists a negative relationship betwemprocesses A and B,
if and only if eitherthe result of A, or the outcome of B, or the outcome of bothgsses
gets worseéhrough the interaction of process A with process B.

Second, four distinct process interaction types can be identified:

1. Goal conflicts Goal conflicts arise from local autonomy. Resolving goal conflicts requires
the agents(or omanizational units) involved to apply sophisticated conflict resolution
mechanismdior instance negotiation-based approaches (Kuwabara and Lesser,[l&90),
coordination (v. Martial, 1992), or persuasion (Sycara, 1985).
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2. Shared objectsAn objectO is shared bytwo or more processes, D is concurrently
accessed (read, write, delete) through these processes. Shared objaestsiragsl to be
non-consumable. However, thaye bottle-necksvithin a system, in that thesequire to
sequentialize partiaprocesses, workflows, andctivities thatare underdecentralized
control.

3. Shared resourcesShared resources atensumable. Thus, whenever a shaesburce is
accessed by a proceshis process consumes a portion of thasource. As there is no
unlimited availability ofresources, the order mwhich processes have access to shared
resources affects directly the efficiency of the whole system.

4. Environment Each process is operatedthin a particularprocess environment. From the
perspective of a single process, some parthisfenvironmentre statiowvhile others are
dynamic. It has beeargued, that processesy also change their environments, which, in
turn, may affect their own behavior in subsequent periods.

Third, interactions can also being classified with respect to the time dimension involved:

1. Static process interactions, that are detected, and resolved before execution time.

2. Dynamic process interactions, that are detected before, and resolved at execution time.
3. Dynamic process interactions, that are detected, and resolved at execution time.
Evolving fromrecent work indistributedartificial intelligence, severatloordination nechanis-
ms have beesuggestedvhich all apply towidespread decentralization of the whelstem,
and which sustain the local autonomy of each agentved. Examplesre partiaglobal plan-
ning (Decker and Lesser, 1992plan coordination (v. Martial, 1992; Sycara, 1989), or

persuasion (Sycara, 1985). Each of these coordinatgmhanisms habte potential taesolve
the one, or the other of the interaction types described above.

6.4 Self Organization Skills

According to recentliscussions irthe literature (Warnecke, 1991), thbility to reorganize
structure, and behavior is one of the most important skills of future organizations.

The organizational model presented above bals upon the concepts of computerization, ra-
dical decentralization, anglocess orientation. Weave already mentioned that self-contained
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organizational unitare process providerg/hile process customization referred to thditgbi

of fractals toadapt their processes tbanging customer demandise ability of anenteprise

to reorganize its structures, and (buss)eprocesses refers to dility to integrate processes

of different organizational units iorder to(re-)design its enterprise-wide organizatibcapa-

bilities. Figure 9 demonstrates the basic idea that stands behind the idea of process integration.

Applying to computational agents, distributedificial intelligence has alreadgddressed a
greatdeal ofwork towardsdeveloping self organizatioskills of multi-agent systems (Corkill,
1982; Ishida, 1992; Sugawara and Lesser, 198d% work was mainly concerned withself
organization on the level of single atomic activities and (re-)design of organizasionetures.
Within our context, selforganizationprimarily addresses processes, thus referring to the
tacticallevel of process management. It Hasmen demonstrated recently, tsetf organzation

of systems of computational agents can also be designib@ basis ofprocesse¢Kirn et.al.,
1994).

set of available scripts, dynamically created
workflows, and processes cooperative process

current
situation

current task

Figure 9: Integration of Business Processes

7 Summary

There is a growing understanding that today's organizatiorseaoeisly challenged by just-in-
time availability of inform#éon, worldwide competition ordynamic markets and the ever
increasing complexity of political, social aedolayical settings. In order to copsith these
challenges a variety of organizatiorgtrategies has been develop€@lt of them, radical
decentralization and busingz®cess orientation are the most prominent ones. Thenmaple
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tation of these strategies is accompaniedubgamental advances in information technology,
and, in particular, in informatioprocessingtechnology. The Management tfe 1990's
program has revealed that these advandesiave major impacts otine definition, structure,
function, and capabilities of future organizations.

Drawing from these understandings, the paper assumes that future organizétmnsigwifi-
cantly computerized, and widespread decentralized. On this basis, we first rekimwede
integration of information processing integanzation theory has evolvedhis has revealed,
that we still lack a comprehensivategration of research in information processing and
organization theory. This impedes modern informagpiatessingechnologies fronefficiently
contributing to meet the challenges today's organizations are faced with.

Next, businesgrocess orientation hdseen addresseghich is perhaps the most important
organizational strategy today. An agent-oriented approabligimesgprocess orientation has
beenpresentedwhich firstly regardedeach organizational entity (human orngautational
agents, organizatnal units) as a provider of sequences aativities (scripts, workflows,
processes) rather thapplying to anapproach of task decomposition aaltbcation. In this
context we demonstrated that coordinating sequences of activities¢hatder decentized,
(more or less) autonomous control necessitates cooperative styles of problem solving.

According to thenumber ofagents, cooperative knowledge proaggsan beclassifiedinto

six distinct areas. Due to recent progresaetwork technologies, wieaveargued thamulti-
agentdecision support systems and humaoomputer cooperative work are phrticular
interest in organizational setting3oth fields utilize techniques developedithin distributed
artificial intelligence, by which software agents are enabled to collaboratively work on common
problems in order to achieve at global aims.

Finally, several organizational applications ajoperative knovwedge processing technology
have been discussed. These addressed important issues sitteimtaen focusingapabilities
of organizations, knowledge discovecystomization of processes, coordinatiomnddracting
processes, and self organization skills of process-oriented, computerized enterprises.

The discussion of thisaper has demonstrated that cooperative knowledge processing techno-
logies exhibitquite ahigh potential for future organizations, for instance in that telyance
intellectual organkational skills, improvehe responsiveness of enterprises to thegiviron-

ments, and efficiently coordinate decentralized activities towards global organizational aims.
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