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Abstract

The analysis of thischapter starts from organisational theory, and from this it draws
conclusions fothe design, andossible organisational appltaans, of Distributed Al systems.

We first reviewhow the concept of organisatiohas emerged from non-organised "black-

box" entities to so-called "computerised" organisationihin this context, organisational
researchers have started to redesign their models of intelligent organisations with respect to the
availability of advanced computing technology. The recently emecgedept ofOrganis#éo-

nal Intelligence integrates these efforts in that it suggégts components ofintelligent
organisationalskills (communication, memory, learning, cognition, problem solving). The
approach integratesuman anccomputer-based information processing and proldeiving
capabilities.
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As organisations ar@herently distributed thisontribution discusses furthbow Distributed
Al interactswith the different components of Organisatiomatelligence. This involves posing
three questions: What are the contribution®oganisational Intelligence tDistributed Al?
How can Distributed Al benefit Organisatal Intelligence?®hy is Organisational Intelligence
an important Distributed Al application?



1 Introduction

Today, organisations are faced wrdpidly changingnarkets,global competition, decreasing
cycles of technological innovationsiorld wide (and just in timeavailability of information,
and dramatic changes in their cultural, social, and political environments.

Most organisational strategies that have been developed to meetctimdeagesaim to
enhancehe flexibility (short term)and adaptability (longerm) of enterprises. Current "buzz-
words" such asdownsizing of organisati@l structures, increased local autonomy,
decentralisation, cooperation and teaork, businessprocess orientation and workflow
management point tthe different concepts that am@vailabletoday (e.g., se€Guilfoyle &
Warner 1994, Davenport 1998jorton 1991,Nirenberg1993). Also, most organisational
experts agree that ttability of anenterprise to achieve competitive advantagehenmarket
and to continiously survive idynamic,and even in hostile environments largégpends upon
its information technlogy infrastructurewhich isrequired toefficiently support theorganisa-
tional informationprocessing and problem solving capabilities (Blanning et9812, Ishida
1992, Marsden & Pingry 1988).

Consequently, an increasing number of organisational reseadrh@rsheir attention to the
design of "intellectual” organisational capabilities such oaganisational communication,
memory (e.g. Favela & Connor 1994, MorrisorOdiman 1994, Paradice 1988garning(e.g.
Elofson & Konsynski1993, Niwa 1992, Sunita 1992, Watanabe 1992) cognition, and
reasoning (Matsuda 1988a). At teame time they re-shapbe scope of theianalysis by
claiming to explicitelyintegrate computer-based information processing technology into the
body of organisational theorfe.g. Blanning et al1992, Favela & Connor 1994, Huber &
McDaniel 1986, Marsden &ingry 1988, Matsuda 1988a). In essence,désign of computer
based information systems has to follthe rules of organisational design, dhi$ requires as
an integrated part tfre-)desigmrmachinebased information systenfs.g. Malone 1988, Petrie
Jr 1992, Morton 1991).

Within this context, the analysis of this chapter starts fronttialenges modern organisations
are faced with, and it develogewards what we call "orggsational multiagent systems"
which are no longer a more or lepassive component @e organisational model. Instead,
organisationamultiagentsystemsare supposed tplay anactive, self-contained role, and to
form an organisational body on their own right. This differs from cuoeganisation theory in
that orgaisational multiagent systenase supposed testablish an additional organisational
subsystem which originates frdmoth thesocial subsystem arnbe information processin¢pr:
technology) subsystem tfe orgarsation (see also ACM Computing Survéy@94,Guilfoyle

& Warner 1994 Carley & Prietulal994). Based on theooperatiorparadigm they provide an
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organsational knowledge processing environment that is particulagly suited to support
intelligent organisational capiities (Matsuda 1988a, Warnecke 199%)rganisational
multiagent systemare akey technology (Kirnl995) to supporinformationand knowledge
processing activities in cooperative, networked organisations. Thisninrequiresntegrating
them with the related human organisation. Thus, organisational multiagent systems

1. must be able tadaptthemselves tdhe organisationahimsand objectivesstrategies and
operations, as well as to the organisational structures, procedures, and constraints,

2. they must actively contribute to @amganisation's "intellectual" cajdities such asorga-
nisational cognitionprganisational memonand learningorganisatioal problem solving,
and organisatizal communication skills.

With respect to th@nherent distribution of organisationsir basic hypothesis is th#tere are
a lot of interactions between Orgsational Inteligence and théeld of Distributed Alwhich
urgently need to benvestigated. This conbtiution seeks to initiate sucWwork. To this
purpose, anavith respect taur interest in Distributed Al we first revielwow the concept of
organisaions has emerged from non-organised "black-box" entities to so-called "compute-
rised" organisations (sectio). Next, we introduce the concept of Organisaldntelligence
which originates from recemtork of organisational researchers in Japan #melUnitedStates
(section3). We then ask how Orgasational Inteligence can contribute to thgesign and
research omultiagentsystems (sectiod), and how Distributed Al casupport thedesign of
intelligent organisationadkills (section5). Finally, wediscuss whyOrganisationalntelligence
is an important application of Distributed Al (section 6).

2 Towards the Information-Integrated, Computerised Organisation

The analysis and description of organisatioranis of themajor research areasnmnagement
science. Organisatial designersshape organisatmal structures so that theesulting
organisation can pursue thensand objectives fanally introduced, negottad and decided

upon by the owners of the organisatias, members and participants. Organisational theory
has developed a diversity of organisational models, each of them with a particular research
interest, focus, and practical relevan@éithin this chapter, we argorimarily interested in
discoveringhow thedesign and research issuegolved in Distribued Al systems can benefit

from recent developments in organisa@ibtheory. To this purpose, weave selectedive
organisational models which denstrate how thentegration of information technology into
organisatioal research has changaekr the past 50-70 years. Thesedelsare: (1) the lack
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box model originating from economic theo(f) the production-orienteshodel of Gutenberg,

(3) the socio-technical approach adrganisational theory, (4) the orgasational model
originating from Management ahe 1990°s Program conducted by the Sloan School of
Business othe Massachusetts Institute of Technol¢i§yT), andfinally (5) the concept of
the information-integrated, computerised enterprise.

(1) Theblack box-modeik still in use in modern macro economic theorytaigely ignores the
internal organisational structures, procedures amipendencies. Theasic idea is that the
enterprise as such is tkeatity which decidesacts andehaves on its own, and ttiaere is no
relationship betweethe actions and thimternal structure of an organisatio@onsequently,
there is no need arel’len no means to studye role ofinformation technologynor is there
anyinterest in how thénformation technology of an organisatishall bedesigned irorder to
improve internal processes, thdehaviour ofthe enterprise or the integration of the
organisation with its environment.

(2) The production-oriented approachhas been developed as part of Guteberg's
contribution to production theory (Gutenberg 1951). The basic idea is that the enterprise is just
that location where the factors of productiwrork of various kindsincluding managerial
admnistration, workingcapital, and rawmaterials)are conbined and changed into com-
modities and serviceSpecifically,organisation is gpart of the entgriseor, enterprisehave

an orgaisation. The important contribution oButenberg was to relate thternal
organisationaktructure to theefficiency of productiorprocesses. Howevethis modeldoes

not support thedescription andanalysis ofthe motivations,aims and objectivesskills, and
actions ofhumanactors. Further, thenodel is deficient irthat it does not westgate how
information tebinology can contboute to orgaisatianal issues.

(3) From thesocio-technicalpoint of view enterpriseshemselvesare organisationsThis
includesthe view that anyeconomic activitypresupposes decisiamaking which, inturn,
requires extensive information processing capabilities (Ginsb@8y, Huber &McDaniel
1986)which compriseéhe preconditions, the inp(data, infornation, knowledge), the context
of decision makingthe phases oflecision makingprocesses, and thenplementation of
decisions. The structure and the results of decisiakingprocesses are dependent upon three
different organisational subsystems thagether constitute thgocio-technical organisational
model. They are:

a) The system of organisatioreamsand objectives integrates teénsand objectives of the
persons, groups, andrganisational bodies that anevolved in or related to the
organisation.
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b) The information processing systesapports the processing aefata, infomation and
knowledge in order to produce decisions that fit with the organmd@msand objectives.
The information processing systedoes notnecessarily involve information processing
technology.

c) In general, decision making involves more than one person. Thus, it depends goorathe
system of arorganisationj.e. the sociatelationshipsthe balance opower, theavailability
of information, etc.

These subsystentonstitute organisens as goal-driven socio-tembal systems thadcquire
and processnformation. Thus, enterprises amganiséions where humins collaborate to
producecommodities and services. It is interesting tinat socio-technicahodel provides an
"interface" tothe technigical infrastructure but, up to nowythout really integrating infor-
mation technlmgy with the socialsystem. Withinthe socio-techoal approachmultiagent
systemsare part of thenformationprocessing subsystem tife orgaisation, and as a direct
consequence, the goals antértions of the agentmvolvedarenot part of theorganisational
taxonomy of aims and objectives.

(4) However, recentrganisational research begins to acknowledge the dramatic advances of
information technology over theast 15-20 years. Thdanagement ofhe 1990's program has
revealed that computer technologiyes nobnly provide an infrastructure farommunication
anddatamanagementhut it alsoenables implementation of new organisatistedtegies, and

it even actively stimulatethe development afompletely new organisational solution. This has
already changethe internalstructures ofnanyexistingenterprises, and has resultedmajor
modifications of worldwide market relationships (Morton 1991).

(5) Recently,the concept of the information-integrated, computerised organidadi®rbeen
suggested (Tapscott & Caston 1993). Tingt area concernthe integration of human and
machine-basedlata and knowledge. It addresses tlssue that an increasingortion of
organisational knowledge s&oredin, mairtained by, and accessilileroughelectronic servi-
ces. The secondsue is taeduce thelominance othe humanfactor because due to ongoing
process of computer-basadtanation.More and more, pure computatial entities prduce
commodities and services, interact with suppliers@rsdaners, ordeliver dataand expertise
to software agentsvhich are "members" of a partnership in strategatliances, of public
authorities, orpolitical partys. Thus, the boundaries between ¢lessical human-centered
organsation and the computesystems become blurred and weay expect, that the
organisation of the 21st centuwll, as anew organsational submodel, involve artificial,
purely software-basearganisatiorwhich is strongly intertwined witkthe socialsystem of the
organisation.



3 Organisational Intelligence (Ol)

Today, organisational experts approach the current mapiaditical and enviromental
challenges by aet oforganisationaktratgies such as dowizing of hierarchicaktructures,
decentralisation of autonomy, business processtatien, networking among more d¢gss
mutual indepedent organisational units, atfie implementation of teamwork-likeooperation
styles.

These concepts provide the groundwdrkm which current issues on Organisational
Intelligence has evolvedVithin this field two major research communities can identified.
The first one haveen establishedround theannualHawaii International Conferences on
System SciencgBlICSS), startingrom a tutorial on "Intelligent Organisations” presented by
G. P. Huber in 1987. The secohds itsroots inJapan, where T. Matsuda has developed a
holistic approach to what he calls "Organisational Intelligence” (Ol).

The reademay beaware of the grealeal of relatedvork carriedout in disciplinessuch as
organisational theory, organisational computirggfice information systems, andthers.
However,while all thesedisciplines havavorked out particular facets such as organisational
learning, bounded ratiolig, or selforganisation, thepre notproviding an overaltoncept of
intelligence for human-centered organisations.

This deficiency hasnotivated Matsuda to evolveraodel of Organisational Intelligendkat
integrateshuman, and machine-based knowledge processing and prebleimy capabilities
(Matsuda 1988a, 1991, 1992). In contrast to others he stressesatiabe intelligence is an
integral part of theintelligence of an organisan. As Matsuda points out, and aonformity

with recentwork on user agentsand personal assistantg computer science, cooperative
organisational work includes both, human beings and machine based problem solving agents.

In Matsuda view, Organisationktelligence(Ol) may provisionally(solong as it is useful for
further discussion) bdefined aghe intellectual capability of amrganisation as a whole. As
such, Ol includegwo different components: Orgsaational Intelligence as process and
Organisational Intelligence as @roduct. While Organisational Process Intelligencg..
provides theoreticahnalysis of an oganisation with aset of subprocessesQrganisational
Product Intelligence"... suppliesthe organisation with ..synthetic policy(and design)
guidelinesfor information system desigriMatsuda 1992). It is clear, and Matsuml&lines it
in detail, that these two components are mutual dependent.

Organisational Product Intelligenceonsiders how information systems must be designed with
respect to the needs @frganisational Intelence. This requires to develop Ol-orientated
information system design guidelines. This ratbesquestiorhow can Distributed Al systems
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be designedso that theyeffectively support theintellectual capabilities of organisations
(section4). On the othehand, modelingrganisational Process Intelligengeeans to ana-
lyse, design, and teffectively perform organisational knowledge aimfiormation processing
and problem solving activities. This raisefugther questionhow can Distributed Al benefit
Organisational Process Intelligengsection 5).

3.1 Organisational Process Intelligence

Human intelligence as well as machine intelligence (which includes artificial intelligence)
represents certain processes (informapoocesing activities) within arorganisation. These
processes can be characterised by three attrilmiézaction aggregationn andcoordination
Hence,Organisational Process Intelligendes been defined dthe interactive-aggregative-
coordinativecomplex of human intelligence ameiachine intelljence of the organisation as a
whole" (Matsuda 1992).

Interactionswithin an organisational body involvdifferent types ofactors (humans, and
machineagents)which serve verydifferent purposes (e.g., transfer of datal knowledge for
remote use, coordination of interrelated activities,)eWithin a computerised organisation
interactions involve

1. human intelligence vs. human intelligence,
2. human intelligence vs. machine intelligence,
3. machine intelligence vs. machine intelligence.

The aggregationof intelligence "is oberved as the processadfllection of memberproceeds
from an individual tothe entire organisatiowia various sizes ofjroups” (Matsuda 1992).
Thus,individual knowledge is iteratively transformed irgoouplevel knowledge, and in turn,
for instance by negotiation, it is transformed into organisational knowledge.

Mere human or machine intelligence ot enough. Instead, both are to beodinated
towards the respectiverganisational objectivesCoordination provides tools to control
interactions asvell asthe execution of aggregation processes. As suamyalvesthe human

and machine intelligence of an orgsation, and it aims to speed up organisational processes as
much as possible.
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Matsudadivides OrganisationdProcesdntelligence into fivecomponents: (1Prganisational
Cognition, (2) OrganisationalMemory, (3) Organisational Learning(4)) Organisational
Communication, an¢b) OrganisationaReasoning. Thede/e sub-processes can provide a set
of poweful tools toanalyseand improve organisational decision makprgcesses (Matsuda
1992).

3.2 Organisational Product Intelligence

OrganisationaProductintelligence requirethe development adesign guidelines iorder to
support thebuilding of organsational information systems. It ene of the most important
shortcomings of the work of Matsuda that it does not provide any suggestions to develop these
guidelines. This is alsthe case if we turour attention to Distributed Al. We see that there

are nodesign guidelines that help us to develop multiagent systems vadrtigular, pre-
defined profile of "organisational" characteristics.

4 How Organisational Intelligence can benefit Distributed Al

Current Distributed Al is dominated by andividualistic" approachwhich mainly focuses on

the single metmer of anagent organisation and ikscal activities. As an immediateonse-
guence Distributed Al is in a position to further develop a sound understanding of what
"organisational” intelligence of amultiagent system should be, andhat the relevant
components are that contribute to thtellectual skills ofthe system as a whol&hus, we
adopt the approach @rganisational Intelligence as a starting point to eximmdresearch

into the design of intelligent group level skills of Distributed Al systems.

To thispurpose, each subsectibalow (1) first introduceghe current state of the art in orga-
nisationaltheory, and(2) secondly introduces relataslork in Distributed Al, inorder to
discuss those issues that are relevan{3pthedesign oforganisational intelligenmultiagent
systems andfinally, (4) we identify importanttasks for future research on grolgvel
intelligence in multiagent systems .

4.1 Organisational Memory

(1) Organisational Theory: Organisational memory enables anterprise to preserve,
remember and utilise its experience (informatdmoutsuccesses and failuresthre past) and,
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thus, tolearn from itsindividual history. Organisational researchers have already spgaaa
deal of efforts orthe question how can important organisational knowledgdedngified, how

it should be represented, and how an organisatiomede sure that this knowledge can, and
will be accessed in the rightvay in future. Traditionally, organisational knowledge is
represented in charts representing thesion of labour, as descriptions of pre-defined
organisational processes gmecedures, and, in addition, ataege body of writtermaterial.
Thus, organisatizal memory is completely different tbe individual memory othe members

of the orgaisation, and organisational knowledge is distinct frima knowledge of the
individuals joining the enterprise.

Sincethe mideighties organisationaésearchers have learned thetent advances informa-
tion technology change the functions, and, thus, the role of organisatierabries
significantly (Favela & onnor 1994, Morrison &lfman 1994, Paradice 1988). In future, a
broad range of different types of software systems need to considered:

1. databases and knowledge bases,
2. model bases and case bases, and
3. workflow management systems.

Apparently, these systems differ in that they diferent knowedge representation paradigms,

and provide distincttools for the acquisition, stoage, mainteance, and retrieval of
information, and implement either more pass{databases) or moractive (cooperative
knowledge bases) modes of behaviour, etc. However, during the last 3 to 5 years we have seen
a number of successfattempts taachieve standardisatiomhich hasdemonstrated thatery

different types okoftwaresystems vl be able to communicate, and evencmoperate, in the

near future.This again Wl give rise tofurther enhancehe capabilities of organisational
memories by knowledge processing technology.

(2) Multiagent Systems — State of the Artit is commonlyagreed irAtrtificial Intelligence

that the existence of a (mostly supposed: long-term) memory is a necessary prerequisite for any
type of intelligentskills such as learning, reflection, and rationality. Yiay expect thathis

holds for singleentities and organisational bodies as wHtus, it is quite an interesting point

that the questiomemains to be investigatedhether multiagent systems as such would need

any organisational memory andhat such dacility would looklike. Instead, mosinultiagent
systems only involve ahort-termmemoryfor the single agentsvolved, without considering

any memory function that stands for its own on the multiagent systems' level.
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With respect to organisationalemory westress that there is an importaiifference between

the structure of &human organisation (which has been desigtega down, andwhich
represents the — pre-defined — division of labour), and the structure of a multiagent system
which must be derived (more or ledgnamically) from the individual competences of the
single agents involvedihus, it is right so far that thstructuremay represent a subsequent
division oflabour(e.g., see (Gasser 1992)). However, as the agentsiuitiagentsystem are
autonanous, an agent may not agree to be involved in collaboration, even if she is the only that
is capable of solving particulartask. Thus, the structure ohaultiagent system as sudoes

not represent orgasationalknowledge concernintne division of labour bunly the availabi-

lity of individual competences, and their distribution across the multiagent system.

(3) Designissues:The design of an organisatad memoryfor a multiagentsystem requires a
decisionto, where the respective organisational knowledge shouldtbeed. Subsequently,
some additional questions must be adslrds Thesanvolve the formal representation of
(maybe different types of) orgsaional knowledge, the creation (and maintenance) of indexes
which support knowledge retrieval, and thaesign of knowledge accesgechanisms including
database-like transaction concepts arder to coordinateconflicting knowledge access
operations.Finally, appropriate role concepts need to be developeorder to enable the
system to update and to maintain its own knowledge.

(4) Research IssuesAs a direct consequence bt representing organisational memories,
there is no readliscussion omow multiagentsystems can exhibit higher-levatelligent skills,
such as learning or reflection. Omay feel thathis is particularly surprising since Distributed
Al researchersvidely agree thatiny multagentsystemmay also be interpreted assingle
(complex) entity! Thus, iseems thathere isstill a greatdifference betweethe definition of
intelligence in mainstream Artificial Intelligen@d in Distributed Al which urgently needs to
be resolved by future research.

Another important point concerns theaintenance of distributed knowledge bases, and the
problem of knowledge base consistency. Wwy hope that therecently increased
collaboration of the databasemmunity withresearchers in Al and CSCW (fexample, see
the Cooperative &ntelligent Information Systems Initiative, (Jarke Blis 1993)) provides

for developing transaction-like consistency-preservimgchanismsor distributed knowledge
bases.

Finally, if one implements organisational memory within a multiagent system,dthes not
only affectthe static anadlynamicstructure of thavhole system. It also effectie design of
role defintions, and of coordination echanismsThus, global searctprocesses i change
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significantly. Thisalso gives rise to a number of new questions that haven'taoeleassed in
the recent Distributed Al literature.

4.2 Organisational Cognition

(1) Organisational Theory: According to Matsuda, thecollective cognition of an
organisation is essentially composed of four components (Matsuda 1992):

1. Organisational Perception: Environmental monitoring and self-monitoring by the
organisation.

2. Organisational Comprehensioffhis includesauto-evaluation in thenvironmentaketting,
evaluation ofother organisations, and, in general, thealuation ofthe environmental
structure.

3. Attention Focusing (Matsuda: Mastery Perceptiodis is the "mind's eye" of an
organisation, namely the analytic eye for the relevant process, and the transcendental eye for
the "unseen" opportunity.

4. Generation of premisesfhese argremisesfor decision makingij.e., theyinclude both,
value premises and factual premises.

Within this context theinformation processing activities of an enterprise need to be
coordinated towardsrganisationahimsand objectives. As the attentidocusing capabilities
are the real scarce resource of an organisganning et al1992), it is of particular
importance tadentify and retrieveall information which is releant to aproblem at hand, and

to integrate thisnformation inorder todeveloptowards asatisfactory solutionEspecially for
large organisations this has proven to be a nearly unsolvable challenge.

(2) Multiagent Systems — State of théArt: Distributed Al still lacks anoperational
description of what the notion aftelligencecould mean to agroup of interacting agents.
There is no explanation of what cognition woat@anfor a multiagent system. If we thus
apply it tothe taxonomy of Matsuda then way feelthat, up to nowpDistributed Al has
mainly corcentrated on thability of comprehension (provisionaltyefined as ability to analyse
and intepret) and on the attentiofocusing capabilities of multiagent systems. Littlerk has
been carriedut onperception whichmaynot be samportant for multiagensystems than for
human organisations.
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(3) Designlissues: Cognitive abilitiesare quitewell suited to design roleoncepts and to
assignthese roles to agents. Dependingtioa requirements of the respecteygplication one
may startfrom comprehensive, or perceptive capabilitiespoe may primarily apply to the
design ofattention focusing capdities of a multiagent system. By this wexpect that
multiagent systems might be bettadapted to(or even embedded into) theturrent
environment. This, irturn, couldsignificantly improvethe chance to implemenprodudive
multiagentsystems applications, especially in domains like busimebstics, and computer-
integrated manufacturing.

(4) Research IssuesFrom the perspective of future research wecarevinced thaprimarily
the perceptive abilities of a multiagent system should be addressed. This wourdasothe
question of how perceivedataandinformation can bevaluated and interpretaadternally in
such a way that ransforms intdhe organisational knowledge of thaultiagent system. We
further believe that enhanced peptive capabilities iV significantly improve the self-
adaptation capabilities of multiagent systems.

4.3 Self Organisation, and Organisational Learning Skills

(1) Organisational Theory: Organisational learning refers to an organisatioa[sability to
identify and tostoreknowledge derived fronboth individual and organisational experiences,
and to modify its own behaviour according to feedback received from its environment
(Teramoto 1992Tsuchiyal992). Thus, orgasational learningupposes that an organisation
is able tocontrol its behaviour witliespect to its owmimsand objectives, to perforrself
monitoring activiies, to filter out the relevantinformation from envirormental scanning
processes, and to adapt itself to changes in its social, economic, and political environment.

Organisational learning is performed thmee interactindevels. Individual (human) learning
may contribute to an organisation if it ot obstructed by org#sationalconstraints, such as
responsibilities or well-established informatigorocessing procedures. On thaicro-
organisational leve(the group ével) themembers of an organisatioregotiate and integrate
their individual experiences iorder tobuild up goup level knowledge. The results dhis
(permanently evolving)process, i.e., whether the gropprforms better than the best of its
members largelgepend upon both the intra-group and the inter-grelgtionships within an
organisation. It is important to notkat, to alarge extent, micro-organisationkdarning
evolves informallyj.e. not primarily determined by fixed organisational rulesd procedures.
Macro-organisational learningevolves on an organisation's macstructure, i.e., its
performance, successes and faillaeslargely determined byhe structure ofts inter-group
relationships.
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The ability of an oganisation to learn from individu&nowledge and botindividual and
organisational experiences assumes that:

1. Knowledge to be learned is described in terms of a common ontology.

2. Conflict resolving mechanisms help to decide whicbwledgeshall be included into the
body of organisational knowledge, and which knowledge shall be excluded from it.

3. Knowledge managemetudols are neededhich guarantee, that organigmal knowledge
is accesible to (and wil be accessed by) exactlhosemembers of an organisation who
need it for doing their work.

4. Pieces of organisational knowledge must be related to ether by a network of
relationships inorder to provide for organisational reasiag. Theseare the basic
mechanisms within aorganisation(such as forward or backwaghaining in rule-based
systems) from which more complex organisational problem solving procedures are created.

(2) Multiagent Systems — State of théArt: Quite similar to organisational theory,
Distributed Al distinguishes betweehort termand long-term organisational learninghile

the former concerns organisatioriéxibility, the latter deals with the modification of
organisationabtructures as a result ohanges in thenvironment (Gasser 1992). The most
important approachesork towards self organisatioskills of multiagent systems (Corkhill
1982, Ishida 1992, Ishida et al1992, Sugawara & Lesser 1993Yithin suchwork, most
researchers argrimarily interested in how thossystems can be enabled to reorganise
themselves in order to meet changing problems or dynamic environments.

However, there is no body afork within Distributed Al which deals with organisational
learning as such. This is surprising because a numbstpoftant Distributed Al applications
such as business, offiggoceduresgecisionprocesseshumancomputer cooperatioheavily
involve the issue of organisational learning.

(3) Designlissues: To implement organisational learning into a Dimited Al system a
designer would need tcreate agentwhich areresponsibldor meta-level capabilities such as
self-monitoring and self-control. One further needs to develop (explicit, or heuristic)
reorganisation strategies, and the respective control and coordination knowledge. Then, two
major questions need to be addressed:

1. What kind of knowledge can, and shall, be learned on the level of the multiagent system?
The most important uses are: successedailudes inthe past, theisefulness of different
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pieces of knowledge withespect todifferent tasks and situations, the competences and
accoumability of other agents in the system, the relationships between the mulsggiemh
and its environment, etc.

2. What type of learning strategies need to be developéd?may dividebetweenlearning
through interaction an@karningthrough introspection, awell as between inductive and
deductive learning.

(4) Research Issuestn organisational theory thatistinction betweeindividuals, (formal and
informal) groups, and organisations is fundamental for the description and analysis of processes
of organisational learning. Up to notinere are ngimilar three-level architecturesvailable in
multiagent systems. However, veee convinced thathe concept of partiaglobal planning
(Durfee & Lesser 1987)yvhich dividesbetween nodes, acquaintances, and the winol&-

agent organisatiomayprovide a platform fromvhich one carstart to work towards similar

static anddynamic architecture. Further, if we compare tldéscussion on learning in
mainstream Artificial Intelligencand Distributed Al it seems théte body of knowledge on
learning within Distribute Al still remains to be integrated with the knowledge aleaaaitable

in mainstream Atrtificial Intelligence.

4.4 Interactions between Multiagent Systems and their Environment

(1) Organisational Theory: Organisational communication refers tioe total amount of
exchange oflata,informationand knowledgevhich evolves amonthe human andnachine-
basedactorswithin anorganisation and between an organisation and its environrmefiti-
dual and organisationatommunication differ in thatthe latter pdorms as aset of
unobservable processes tine human brain only, whilghe former occurs asbservable
interactions among machines, humagrsups andlivisions of an organisi@n, using classical
communicatiorstructuressuch as sender, receiver, messages,chadnels§Matsuda 1988a,
1992).

Dynamic environmentsequire an organisation to permanently monitoremwironment, to
filter and to assesthe informations received, and to distributee results othis perceptive
activity to othemembers othe organisatiofHammer & Champy993). Thusprganisational
comunication is closelyelated to the status (and @kanges ovetime) of the organisational
envirorment. On the othdrand,organsations are supposeditdorm their environment about
past and futuractivities, about their internatatus (e.g., accounting, profaad lossesetc.).
This, inturn requireghem to represent and store therespective knowledge in such a way
that it can be retrieved and accessed quite easily at any time in the future.
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(2) Multiagent Systems — State of thért: Research in Distriied Al mainly addresses
the interactions between the agents aghatiagent system (some exampha® included in
(Bond & Gasser 1988)). Howeverery little work has addresseitie issue of communication
between amultiagentsystem and its environménA well-known example ighe unsolved
problem of designingser interfaces for cooperative problem solvers. Another paihaisin
general, a multiagent system can be viewed as a community of intesgimi, or as single
(complex) entity, depending dhe current focus of interest. However, from the perspective of
communication betweenraultiagentsystem and its environmeaonly the former of these two
views is supported.

It may beexpected, however, that the integratiomrmafltiagent systems intother disciplines
such as ComputeBupported Cooperative Work (CSCW), intelligent user ag@ressonal
assistants) and decision support systems may help to address this issue.

(3) Design Issues: First of all, any interactions between a multiagent system and its
environmentsuppose that thevailability of a canonicalinteraction language. Such an
interaction language needs to providata and knowledge communicatioffacilities,
explanation facilities, and fine-grained dialogue mansg@ support. Further, if the user of the
system is a humaexpert, he oshe might wish to be actively involvedtime global reasoning
process. Thus, it becomes evident that we need to develop a "well-shaped" role concept for the
multiagent system which also needs to be able to assiggmto the actors in the veronment

of the multiagent system.

(4) Research IssuesThe ability of a multiagent system to effectively communicate with its
environment i©one of the most importamsuedor developingsuccessful applications. This is
particular true for any applications thaaim to supporthuman experts' intellectuaivork.
Further, we can see today that research on interaction architectures and laaffeadgs
involve standardisation issueSwo prominent examplesire the CORBA standard of the
Object Management IGup, and the Knowledg&haring Effortwhich has been launched by
DARPA in 1991. Ithas been argued that an integrationthe research, development and
standardisation efforts in the relatgelds of informationtechnology Wl significantly increase
technological competitiveness (Davidow & Maloh892, Guilfoyle & Warner 1994 Kirn
1995, Petrie Jr 1992, Warnecke 1993).

4.5 Organisational Reasoning

(1) Organisational Theory: Organisational reasoningoes notonly include organisational
problem solving, it also involvestrategies such as fnlem avoidance, problem evasion, and
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problem encapsulatiofMatsuda 1992)Typically, organisational reasoning appliesdne of
the following basic strategies:

1. Process-orientated reasoning performed on the bases of pre-defirmgjansational
workflows and well-established algorithms, etc.

2. Case-based reasoningckles a problem by accessing a solution that has ptmeéfualfor a
similar problem which has been solved in the past.

3. Heuristic reasonings used to approach a problem whiérenecessary information is not
available, uncertain, or possibly false.

4. Explorative reasoningncludes searcktrategies (goal driveratadriven), trial-and-error
concepts, andreativity generating methods such as brainstorming, scenario technique, and
delphi, etc.

5. Structural reasoning (adaptatiorgvolves whenever an organisatiomdifies its internal
structure in order to fit better with (identified or anticipated) changes in its environment.

Organisational problem solvirgupposes a set basictools such as probleranalysisand the
selection of critical succes$actors, the exploration andidentification of wellsuited
organisational competences amdources, the processes of coordinating these resauthes
respect to thegroblem at hand, anthe ability to focus the attention on the mastievant
processes at a time, to name a few.

Thus, it iscommonly agreed in organisational theory that thbkility to design efficient
organisational information processing and reasoning capabilitie®nes of the key
characteristics of successful enterprises.

(2) Multiagent Systems — State of thé\rt: Reasoning processes within a multiagent
system can be studied framvo different perspectives. The external perspective considers the
multiagent system as a single entity, and it gives descriptiomsvothesystem behaves in its
environment. Incontrast, theinternal view focuses othe description anénalysis of the
internal processes. This perspectrepresents thenainstream ofvork on multiagentreaso-

ning processes (Singh 1990b, Stephens & MEJ®9). As a result, weave availabléoday a
large body of knowledge omooperation strategies (Durfee et al 198Epordination
mechanismge.g. seeFickas & Helm1991, Malone 1987, Malone & Crowston 1993, v.
Martial 1992, Smith 1979), conflict resolving mechanismspncepts for mageling intentions
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and commitmente.g. see€Cohen & Levesque 1987a, Cohen & Levesque 198&mings &
Mamdani 1992, Jennings1992, Singh 1990a) and, forexample, dependency relationships
between different agents of a Distributed Al system. However, on the other hand we still lack a
sufficient understanding dfow the design and processing of interpabcedures relates to the
behaviour ofthe whole system. It is important to realise that this question is of prior
importance forany decisions within arenterprise thatnvolve investing money into the
development of a Distributed Al system.

(3) Design Issues: From the above considerations Jearn that wheever we design a
multiagent system we should carefully thiakbout adding anorganisational layer to the
architecture of thesystem (Kirn 1994). This organisational layer should include at least the
organisational knowledge, trset of available problem solvingtrategies and the respective
mechanisms ta@ontrol and monitor cooperative processgthin the multiagent system. We
also see that this again ad&s the development of appropriate role conceptsotimer words:

step by step we discover that role concepts are of prior importance fdeglyn offine-
grained internalstructures ofmultiagent systems. — It should bw®ted, that the
organisational layer need not necessarily be a centralised resourcethathystem, it can also

be decentralised.

(4) Research IssuesThis subsection hademonstrated the importance of amanisational

layeri togethemwith the respective role concepts for thesign and, asne may want to add,

for the expectedcommercial success ahultiagent systemsWhile the demand for an
organisational layer is new in multiagent systems research, significant research has already been
carriedout (unfortunately, in splendid isolation) dhe development of role concepts. Thus,

we still lack anintegrated,holistic approach todesigning an overall model of roles in
multiagent systems irorder to provide for a systematicapplication-driven design and
implementation of future Distributed Al systems.

5 How Distributed Al can benefit Organisational Intelligence

There is already a large body of literature originating fitwoth, thefield of organisational
research and management sciencevel$ as fromthe community ofDistributed Al which
argues that a lot obusiness anarganisational problemscould be solved quit@aturally
through amultiagent systenapproach. Some promineakamplesare thevirtual enterprise
(Davidow & Malone1992) and thé'fractalisation” of organisations (Warneck®93), the
modeling and simulation of enterprigg®x 1981), the efforts towards an integrated theory of
coordination (Malone 1987%upport ofbusiness processes and worflows (Malone &988B),
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and enterprise integration (Petrie Jr 1992). As wesiow, thesame holddor some of the
components of Organisational Intelligence.

Distributed Al offers interesting advantagesai@anisational designers whicim toimprove
the intelligence of theirorganisations, and who agree apply agent-orientednformation
technology. On a more abstraetel we mayarguefirstly that Distributed Al provides techni-
cal facilities (coordinationprotacols) that supporinteractions among aet of information
servers. Secondly, it contributes knowledge discoveoys assisting users tmlentify, select
and access information relevant to thesk at hand. Thirdlymany applicdons require the
ability to selectdatafrom different nodes of a ngbrk and to corbine themwith respect to a
particular "problem profile'(for instance, a&et of custmer preferences). Weillvexpand on
the above discussion in more detail below.

With regard toorganisational memoryve feelthat, at themoment, Distributed Amay have
little to contribute. Howeverthis may change in future, foexample ifone starts to integrate
results from case-based reasoning.

Distributed Al can benefibrganisational cognitionn that it provides easy-to-use knowledge
exchange facilities and collective reasoning capabilities. This, however, involves the question of
how to integrateproblem solving athe human level(for example, sedNewell 1972) with

problem solvingorocedures at theachine level, omoreprecisely: Distributed Al technology

can be used only if it does not bless the organisational procedures and dependencies that are in-
volved. The reader Wremenber that this point wathe motivationbehind our notion of
"organsational multiagent systems".

Distributed Al methods can also contributeotganisational learningon both the micro-orga-
nisational and orthe macro-organisationd¢vel (Nunamaker et al 1988, Teramoto 1992,
Tsuchiyal992, Yamamoto et al 1992)Vhile, primarily, the lattermay besupported by the
instantiation andnaintenance of inter-groupelationshipsthe formermay be suported by
single- and multistage negotiation, by the instantiationnasidtenance ahtra-group relation-
ships, and by the availability of sophisticated conflict resolving mechanisms.

Further, we would like to stress that computerising an organisation also effects the
performance of organisational learning. As far as hunaaasconsideréd individual leaning

can be supported by local "personal assistants". Thus, organisianalg within agroup of
software agentsnay also contribute to thendividual learning ofthe human users. As
organisational learning amomsgftware agents is part (dnd controlledy) thoseorganis#éo-

nal processes that have been establistoeghally, the transfer of the knowledge back to
humans estdishes a kind of individual learning which 'lsupervised" by organisational rules
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and proceduredhis is a major issue also withine new offield of Human-Computer-Teams
(Kirn 1995).

Typically, Distributed Al systems exhibit more or less decentralised organisatietaicture.
Thus, they can also contributegeeatdeal toorganisational communicationrThis holds for
conventional, human-centered organisatidng, its effectiveness is directly related to the
degree of computerisation of the enterpii&nsberg1987, Numaoka 1991). Bsible low-
level communicatiorsupport sarices may include retrieval anddentification of addresses,
knowledge-based intra- and inter-network communicananagemenffor instance, routing),
and intelligent communicatioocontrol facilities. On asemantically higher levetheseservices
include amongsbthers, group-leveinformation filtering, appointment system applications,
tools for distributed interpretation, contextodelling, knowledge discovery bwhich the
coherence of interactive activities can be improved. As some of these services can also be
provided by conventional softwarethers wouldbenefit alot more from Distributed Al
methods (for example, knowledge discovery).

With regard toorganisational reasoningDistributed Al provides several quite usefabls
wherever an organisational problem requittesinvolvement of distribute@xpertise, to focus

the attention of distinct organisational units on a particular task, or if distributed interpretations
are to be supported (fexample, see (Ginsbel®87,Guilfoyle & Warner 1994Kirn 1995,

Kirn et al 1992) All these problems assura#ficient coordination bywhich the varioustypes

of uni-lateral or bi-lateral dependencies amadaiifterent tasksactivities, objects, andctors

can bedetected andnanaged. Wdeel thatcoordination techniques of Distributed Al are
particulaily well suited inall cases where theystemsupport of the coordination task is
required, and workflow management technology is too rigid.

6 Organisational Intelligence: An Important Application of Distributed Al

The above discussion developed from organisational theory suggékfinigat research in
Distributed Al can benefit greatdeal from organisational intelligence, andtumn, (2) that
Distributed Al methods can contributegaeat deal to implement intelligent organisational
skills in human organisations.

From our perspective, this point is quite important for application-oriented Distributed Al
research. Currently, enterprises worldwide have begun to re-engineer theal iptecesses,
and to adapt their structures to tbleallenges of worldwide compigon, and therapidly
increasing dynamics otheir political and econanical environments. These long-term
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perspectives have already begun to result in a widespread decentralisation of entehicises,
more and more consist of self-contained autonomous organisationdbeingsgloballydistri-
buted. Such an organisational approaciolvestwo major problemsefficient coordination
without having sufficient globalknowledge available, andthe need tointelligently adapt
organisational procedures in suctvay to changing environments thiae long-termaims and
strategies can still be pursued.

Thus, the third important result @fur discussion is that Organisational Intelligence is an
important application for Distributed Al in that it provides k&y technologyfor the
competitiveness of smart, information integra@daniséions in the future(Kirn 1995).

References:

I Another point which is not mentioned here are the interactions of agents of a mukiggemwith their
environment, or with the environment of tvbole systemE.g., see work orcomputationakcosystems by
(Glance, Hogg & Huberman 1991).

il see also work of (Stary 1998hd Stolze 1991)

i this represents the traditional approach of organisational theory, see (March & Simon 1958).
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