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TH_E RECOGNITION THAT KNOWL- To MEET THE GROWING NEED FOR ENTERPRISEWIDE
edge is one of an enterprise’s most important

assets, decisively influencing its competi-  KNOWLEDGE MANAGEMENT, THE AUTHORS HAVE DEVELOPED
tiveness, has fueled interest in comprehen- AND FIELDED A THREE-LAYERED MODEL FOR PROCESSING
sive approaches to the basic activities| of

KNOWLEDGE. THIS ARTICLE SHOWS HOW THEIR

knowledge managemeile identification,
acquisition, development, dissemination, ORGANIZATIONAL MEMORY SERVES AS AN INTELLIGENT
use, and preservation of the enterprise’s

knowledge. Traditionally, enterprises have ~ ASSISTANT AND DEALS WITH BOTH FORMAL AND NONFORMAL
addressed knowledge management from _
either a management or a technologital KNOWLEDGE ELEMENTS IN A TASK-ORIENTED FASHION.
point of view. Managers understand that the
knowledge their employees possess is ong of
their company’s most valuable assets. They
are concerned with the effective use of peraround such an OM, intelligent knowledge-expert systems, issue-based information sys
sonal knowledge and the qualitative apnananagement services actively provide théems, best-practice databases, and lessons-
quantitative adaptation of this knowledgeuser working on a knowledge-intensive opertearned archives. Gaéle Simon introduces the
toward a changing environment. Tteeh- | ational task with all the information neces-termknowledge capitalizatiofor nearly the
nological approachby contrast, deals with sary and useful for fulfilling this task (segesame process, which “allows [us] to reuse, in
questions about what information technolFigure 1). a relevant way, the knowledge of a given
ogy should be provided to support knowl- Our view of an organizational memorydomain previously stored and modeled, in
edge managemeht. grew out of our practical experiences and alsorder to perform new task4.’'However,
We find that effective knowledge man-conforms well with definitions suggested jnSimon emphasizes the exploitation of exist-
agement requires a hybrid solution, one thdhe literature: an OM’s main function is toing documents, which are based primarily on
involves both people and technoldgds this | enhance the organization’s competitivenes@naybe structured) natural language. In the
article shows, our long-term vision izar- | by improving the way it manages its knowl-long run, we feel an OM should also support
porateor organizational memorgt the core| edge. To achieve this goal, short-term effgrtnowledge creatioandorganizational learn-
of a learning organization, supporting sharshould concentrate dmowledge preservar ing.> As this article shows, an OM must be
ing and reuse of individual and corporateion,® which is based largely on explicatioanmore than an information system but must
knowledge and lessons learned. Arrangedf tacit knowledge and which is supported bylso help to transform information into action
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Practical requirements

In recent yas, we have perbrmed se-
eral case studieqrototype dgelopments,
and ealudions conceming knovledge-
based systemsif suppoting comple tasks
in technical domainssud as motor design or
the coniguration of production fcilities.
Discussions with indusal customes and
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our gowing undestanding of their paicu-
lar needs tured us way from the epett-
system pproad centeed aound the idea of
an autonomous pblem-soher. We have
moved instead to the idea of an OWwhich
emphasies the suppoof the human useyb
providing, maintaining and distibuting rel-
evant information and knwledge. We have |
also contuded thaan OM cannot simplbe
a passie information systemput must act
as an intellignt assistant to the user

Our epeiiences shwed tha the bllow-
ing requirements a ciucial for an OM5 sue

bad from its uses, who nust be enaled

to point out datiencies and sugpst
improvements without signifantly dis-

rupting the usual wrkflow.

Integration into eisting work erviron-

ment.To gain user acqgetance an OM
must tg into an oganizaion’s eisting

flow of information 3 At a tednical level,

the OM thus rast diectly interface the
tools curently used to do the @k,

Figure 1. The organizational memory assists in the basic knowledge-management activities.

son’s decision-making and @iolem-solving
sud as ly providing relevant informal knaw-
ledge in the actual wrk contet. Thus,the
madine amplifes human knwledge.

The tybrid approad for knovledge man

agement coresponds wll with the shift of

focus in atificial intelligence While an im
portantAl goal has been touild knowl-
edge-based systems thsolve dhallengng
problems on their wn, an intelligent-

cess in indusial practice®

Collection and systertia organizaion of
information from \arious souces Knowl-

edge needed in wk processes is cur
rently scatered among &rous souces,
such as paer and electmic documents
daabasese-mails,CAD drawings,and
the heads and ipete notes of indiiduals.
The pimary requitement br an OM is to

prevent the loss and enhance the aceessi

bility of all kinds of coporate knavledge
by providing a centalized well-structured
information depositoyy.

Minimization of up-font knaviedge endr
neeing. Even though the adntages of
having an OM ae geneally recaynized,
organizdions ae reluctant to imest time
and mong into a neel tednology whose
beneits are distant and uncein. Fur
themore, prospectve uses have little or
no time to spa for requirements and
knowledge acquisitionAn OM thus nust
exploit readily available information
(mostly daabases and eleatnic or paer
documents)provide bendfs quidly, and
be adatable to navly aiising requiements.
Exploiting useréedbak for maintenance
and evolution.As with up-fiont knaviedge
engneeing, OM maintenance fiirts nmust
be minimizd An OM also nust deal with
incompletepotentially incorrect,and fie-
guently changdng information. To keep an
OM up to dée and gadually improve its
knowledgg, is is impotant to collectéed

including word processas, spreadsheets

CAD systemssimulators,and workflow-

management systems.
» Active presentéion of relevant informa
tion. In industial practice costly erors
are often gpeaed due to an insfi€ient
flow of information. A passve informa
tion system cannotvaid this situéion,
because wrkers ae often too bsy to
look for information or dont even knav
that petinent information exists.An OM
therefore should actiely remind work-
ers of helpful inbrmation and be a com
petent paner for coopeative problem-
solving

Organizational memory
assistant systems

Our case studies undeoe the needdr
computerassisted knoledge capitalizaion.
This coresponds wil with Thomas Deen
port’s demanddr a tybrid solution br knaw-
ledge mangementinformation tedinolagy
can easy cgpture, transbrm, and distibute
large amounts of higlgl structured knavl-
edee. But,for tacit,had-to-formalize knawl-
edge thd must be intgpreted in a boader
context and combined with other types
information, humans a the'recommended
tool?”2If the efort for formalizing knaviedge
is too high,it should be left inbrmal and
processedyphumans. Havever, information

technolagy can incease the quality of a per

assistant system coopégs with a human
user in solving a mblem. It contibutes to
the solutionfor instanceby solving sub
problems,performing calculéions,or ver
ifying or ciiticizing the users solutions.

This gproac has dawn consideable
interest br a \ariety of reasonsWell-known
difficulties of comentional knavledge-based
systems sutas bittleness or limited user
acceptance calleddr adequte solutionsTo
solve impotant poblems,it is often better
to let the computer ark out wha might be
done hut to let the human user decjdleus
distinguishing verkload \ersus decision
competence anasponsibility The combi
naion of the assistant system and the us
improves both ppblem-solving caabilities
and user acgtance Frediick Brooks illus
trated this coopetion by the ormula’

1A > Al

meaning thaan intelligence-amplication
system—malgineanda mind—can beaan
Al system—a mind-imiténg madine work-
ing by itself.

Providing knowledge as a cental OM
sewice. In the bllowing, we will concentate
ofon one cenal sewice of the OM:providing
the necessgrknowledge whenever it is
neededFor this,the OM alizes an actie
knowledge dissemingon and usge gproach
tha does notely on a uses queies hut aute
matically provides knevledge useful br solv

MAY/ZJUNE 1998

41

=



[ J—[ J<—L[ J—[ K _
L 1—[ 1 LN L]
L1
Knowledge- intensive Application
Support task level

rocmeng | [

and retrieval ontology

Content ; L
Domain Description
ontology level
Structure
Knowledge & access Information
description ontology
= T
Semi-structured @,
documents /
Object
0Old business level
> process instances
Contacts to Informal
employees documents
Databases

Figure 2. Intelligent support by context-sensitive knowledge supply.

ing the task&hand The esulting system act
as an intellignt assistant tha

« accompanies thexecution of tasksand

« presentselevant information tha helps
workers do their jobs better and n@
effectively.

For an OM to be d&ctive, uses nmust
receve relevant information a the ight
time without being werwhelmed with a
flood of irelevant dda. Information is rel-
evant ony if usess can perdrm their task
better with this inbrmation than without it.
Thus,relevance of inbrmation is alvays
defined with espect to its useConse
quenty, actively providing information in
an OM—in contast to comentional inbr-
mation filtering—is pimarly oriented
accoding to a task model in dition to a
user model. Until nw, knowledge on task-
specifc relevance has been gnimplicitly
represented in pplication programs,en
coded in d&abase quees, or not epre-
sented #all, but hidden in assumption
undetying the actie by-hand naigation in
hypeitext information systems. Insteade
propose to gplicitly represent theelation-

s ship betveen taskapplicaion situdion, and
knowledge contat in a detarative way.
Explicit modeling &cilitates gplicaion de
velopment and maintenanaeakes aute
matic anal/ses possie, and allavs for sys
temaic evolution of the OM content and
behaior over time

A functional view

The biggest pofit from supparby an OM
will lik ely come in tasks thare comple,
difficult, and impotant by naure. To per
form these taskshe human epetts need
consideable skill and knevledge. Sut
knowledge tasksdeal with the acquisition
credion, padkaging, and gplication of
knowledge, and can be ineasingy identi
fied inside the carcompetencies of moder
enteprises® Given their bamcteistics,a
complete autontéon—or even a ery de
tailed patition into subtasks—is usuglhot
feasitbe because theris no pedetemined

5 task sequence thaf executed guarantees
the desied outcomeln fact,what we call
knowledge tasks or knowledge-intensve
tasks essentialy amount to the notion of

wicked poblemsintroduced  Rittel in the
1970s andxensvely discussed pE. Ef-
frey Conklin andwilliam Weil, in the con
text of organizaional memoies?

An OM helps a user pafm knowvledge
tasks ly actively providing useful inbrma
tion and knavledge. Knowledge tasks a
often embeded into moe “tame” work pro-
cesseayhich ae linked to them  exchange
of information, decisionsand documents.
Thus,the embeding kusiness prcesses ria
urally provide the contet for perbrming,
anayzing, and suppding knovledge tasks.
We popose a tlee-layered model as
sketched in Fgure 2,which points out the
main issues to be debssed Wen hilding a
system ér realizing contgt-sensitve, active
knowledge suppy.

Our gproat models and»ecutes po-
cesses and tasks on thgplication level.
When a knwledge worker recaynizes an
information need within the actualow of
work, a quey to the OM nust be deved
This quey is instantited and constiined as
specifcally as possilke on the basis of the
actual vork context. In the opposite ay, the
OM can also st nev information creaed
within a gven working situdion in a con
textually eniched brm sud tha subsequent
retieval processes might compathe quer
situaion with the ceaion situdion for estt
mating contet-specifc relevance

As one of man possibilities ér realizing
the gplication level, we indude cowen
tional business-prcess models andosk-
flow-mangement systems. Doing so lets u
rely on a bogt of well-undestood knavledge
alread/ formalized in entgprises and used to
guide and suppbwork processes.

Because an OMeties substantiafl on
existing information souces theobject level
is characteized ty a \ariety of souces het
erogeneous withespect to seeral dimen
sions concering form and content jpper
ties.The OM perbrms the mpping fom the
applicaion-specifc information needs to
these hetegeneous objectel souces via
a uniform access and utiliian method on
the basis of a lgic-basedknowledge-rich
knowledge desciption level.

Object level. This level compises manibld
information and kna/ledge soucesrangng
from madine-readdle formal representa
tions to humaneadale informal represen
tations. Cucial pats of coporate knavledge
to be pocessedythe computer mst be ér-
malized, whereas other pés tha need on}
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recommendation: cl
iff
then

(@)
constraint: c5
if
then
and

()

the machine-type of crankshaft is (farmer or hobby)
the weight of crankshaft should be [150 ..
“Somewhat heavier crankshafts (weighing 150-180 grams) are used in low-end machines,
since a low weight is less important for occasional users.”

. 180]

the machine-type of crankshaft is professional
the bearing-type of main-end-bearing must be full-needle
(the width of main-end-bearing)
“Only a full-needle bearing is durable enough for heavy use.”

(the width of low-end-bearing)

Figure 3. Example of () a recommendation and (b) an implicational design constraint.

be undestood ly humans might be left inf-
mal. The decision \wether to drmalize or
not rests on cost-berienal/ses stability of
knowledge, and the question ether some
portion of knavledge canreasonbly be for-
malized 4 all.

On the one handn OM will have to deal
primarily with less brmalized knavledge
contained in mae or less strctured, prefer-
ably electonic documentsThese inbrmal
or semistuctured knavledge representa

tions ae well tailored to human needs.

Readily producide and easjl undestand
able naural languae, graphics,or images
can &press andxxchang various kinds of
knowledge. Lessons-leared daabases—
for example those stoed in an intanet or
a Lotus Notes edironment—ae a typical
example of inbrmal knavledge. Other fe-
quently found souces of inbrmal knawl-
edge ae human-esouce knavledge bases
about emplgee capabilities and skills.
Existing informal documents sincas man
uals of tebinical systems aran impotant
knowledge souce tha should be made
accessile through an OM.

On the other handud informal knawl-
edge can neither be otionalized for aute
matic problem-solving (subh as epet-
system ules) nor pocessed Y comple
guer-ansvering medianisms (sutas dée-
bases). Hengdts usefulnessar suppoting
human poblem-solving is limited Else
where, we presented an OM ptotype br
crankshaft designof a mamufactuer of
motorpowered tools and ehides? In this
systempatts of the comparis design knal-
edge ae formalized as ules tha are em
ployed for ciitiquing and sugesting vidle
solutions.We distinguished tw types of
design ules:hard constaints,which should
always be stsfied, and soft ecommenda
tions,which allov occasionalbeeptions.The
reasonsdr the designules,which ae impor
tant for assessing thelgtive meits of se/-

eral viable design altaraives,are atached
as néural-languae annottons talen diectly
from the &pett inteview protocols. kgure 3
shavs a ecommend@on and an implica
tional design consaint.

The costs and firt required for formak
izing major amounts of kwdedge ae usu
ally prohibitive. Therefore, an OM pimar-
ily contains inbrmal knavledge souces,
organized and made acceskliy more for-
mal notions. In this spedifexample it made
sense to drmalize the desdébed wles
because theinfluenced high} important
design decisions. Meover, because the sys
tem ony geneated adice and dtique and
was ne&er intendeddr fully automéaic oper
ation, the requirements on consisteypand
completeness of the kmtedge base were
much easier to dteve than br a cowven
tional knavledge-based systeni\lso, the
undetying knavledge-evolution gpproac
aims & a contiious knevledge cture on
the job and does notpend on a successfyll
completed knwledge-acquisition phase
before system daloyment.

Knowledge-desciption level. This level
endles a unibrm, intelligent access to a
diversity of object-l&el souces. Because
legacy information systems mst be incor
porated without modifcation, we propose
a searate, knowledge-rich information-
modeling leel. Essentiall, its pupose is
to ease

» precise selection andfefient access ta
information and knavledge recaynized
as elevant in a gven task conte and
applicdion situdion, and

* better compehension and intpretaion
by the user and the system iniaam task
and aplicaion context.

The“Information modeling”sidebar de
scilibes the opetions of this l@el in detail.

Application level. As alread/ mentionedthe
OM'’s gplicaion level links the inbrmation
model and the conete gplication situdion.
Parametes of the actual wk context map
onto epressions of the OMepositoly and
result in the ppropriate queres and asser
tions. Using this basic functionaljtye can
realizz the OMS various sevices in difer-
ent ways,rangng from dedicéed pograms,
which perbrm a paticular, well-defined
task,to flexible and unversal quey inter-
faces,which allow the user to access the
information contained in the OMAs usual,
dedicded aproades esult in tight suppar
of specifc actwities, while mote flexible
approadies coer lager aeas lt offer less
specifc suppot, thus equiing more user
interaction.

Concentating on poviding knavledge
items elevant to assist the humarpet in
solving knavledge-intensie tasksywe want
to discuss ourgproad for realizing a fex-
ible but concise coupling to an enpeise’s
actiities. This gproad relies on anxglicit
modeling of theelaion between taskappli-
cation situdion, and knevledge contet.

Business-prcess-oiented knavledge man
agement.The first prerequisite br repre-
senting task-spedifrelevance of knwledge
items is a suitale representtion of the tasks
in question. In gneal, ary patticular task
in an enteprise is par of some commhen
sive process—br example product deel-
opment.To develop a g@nerl goproac for
contet-specifc relevance assessmentge
selected bsiness-picess modeling as a
promising staiing point1°Business-prcess
models hae pioved valuable both in sk
ness-pocesseengneeing and as a basieif
dynamic enactmentybworkflow-manaye-
ment systems. B@nd the pluality of the
various systems and toolthe Workflow
Management Coalition défied a standar
model!! This widely accepted methodolgy
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Information modeling

Every informaion and knavledge item is desdbed by a umber of
attributes epresenting the irdrmation metamodelthe informaion con
tent,and the cedion and @plicaion contet. The concets for the
knowledge desdptions ae speciied in ontolgies (see gureA).

Information metamodeling

Theinformaion metamodedlescibes the diferent kinds of inbrma-
tion souces with theirespectie stucture, accessand brmat propeties.
The wocaulaty for the inbrmation-souce metamodels come®fn the
information ontolayy, which also containseneic concets and #ributes
tha apply to all kinds of inbrmaion—sud as the timelinesthe authar
the eliability of information, or the type of stements an idfrmation
source males. for instanceit might expressdesciptive knowledge éout
products and mrcesses quresciptive knowledge stding hav to do cer
tain thingsThe information ontolayy also intoduces conges and Hri-
butes speci€ for cetain kinds of inbrmaion souces. or instanceac
cess to anxtemal commecial ddabase inolves costs and time dgks
whereas pesonal competenciesust be accompanied he level of
expettise of an emplgee and henailability.

Essentialy, the information ontolay compises all aspects of iafma
tion and knavledge souces thaare not content-spedif. It also povides
links into the domain ontolly used ér content desggtion, and it po-
vides links into the entprise ontola@y used to desire the cedion con
text and the intended utilitian contet of knovledge itemsThe simplt
fied exkample shwn in Fgure B gves an impession of ha the seeral
ontolagies intenct.

If an enteprise information ontolayy is accomplishedt should be
reusdle with only small adatéaions for most entgrises. Its conate
design is still subject to our oaipg reseach. There ae alead/ contibu-
tions for specifc kinds of inbrmation souces. fer instanceit is usual to
model Igical and Igout stucture of pinted documents. Embduhg
documents and documettw into oiganizaional conteat is investigted
in Office Automaion and Documer&nalysis and Undestanding®

Information
ontology

Context

Enterprise Domain
ontology ontology

Figure A. Three ontologies span the hasic dimensions of information modeling.

Besides the mersyntactic and contial issuesinformation metarop-
erties ae of paticular impotance or realistic gplicaions. Conceating
those hints emege in the agas of lessons-le@ed achives (br distin
guishing brm, contentand aailability as the basic kneledge-modeling
dimensiond) and lusiness-knaledge narigation (for identifying orm,
quality, and esouce constints as arcial retieval factos besides the
contentf). The retrieval system can dife just sub retieval constaints
from the brmalized quey context, thus suppding the pecise selection
of useful inbrmation.

Content modeling

For modeling the content of iofmation souces,we use tans fom a
domain ontolgy. For the design of this ontaly, we can hild upon
metamodeling méw@nisms ér daabasesformal knavledge, and tet
documents:

* Ontolagiesanddata modelsare used in kneledge-based and ¢
base systemsespectiely, to specify the basic assumptionsttha

Enterprise ontology Information ontology

Domain ontology

information%

7

company
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book;;
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Figure B. Simple knowledge-description ontologies in some more detail.
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Table A. Sample knowledge-item description.

went into the systers’concetualizaion.*

SR 6 o e R TS 6 Metaproperties Name Fti(;):ﬂlv éc;?chlevg good payment conditions
X g Inc.

ontolagies. Author James T. Kirk

Using formal ontolgjies for content Nature Activity-related advice
desciption lets an inérence component Type Heuristic, experience-based
male formal inferences wer kinds of the Form English text, MS Word source, version 28.0
represented kneledge and lets usofmulate Soqrce_ ; File E:\home\experiences\ds9-12-99pn.doc
retrieval heuistics tha exploit the domain Availability Always
structure. While most sub conceptual infor- Costs None
TEIEMTEEE EF0Ees fxte_nd el Context Creation process Project ds9 for Starfleet Corp. in Dec. '99
V\{ord-'based gontenflalactelzatlon c_’f das Creation activity Price negotiation with hardware suppliers
sical information retrieval by embedling the Creation department Purchasing dept.
content identiers into a brmal stucture,
they nevertheless ely on quite sspaisecon Content Product 20 SUN Ultra
tent dharacteization. Recent pproades Supplier Borg Inc.

have poposed mar detailed content models

Contact person

Dr. Darth Vader

tha allow precoodingtion of concets,for
example®

» Classifcation systemare used in digal libraries and document-
mana@gement systems. Class#tion systems & pagméically
designeddr optimum human ease of acce$hey do not aim ha
semanticall clear formal model.

¢ Thesaur are repositoies of lical semantics. Higlglsophisti-
cated, hand-cafted thesati(suc aswordNef) capture moe
semantics than most kwa formal ontol@ies. In contast,similar-
ity thesaur, which are usualy automaically built up from collee
tions of available documentsiepresent veighted-tem associions
for use in querexpansion in inbrmation retrieval or for document
classifcation.

The intgration and conjoint use of these kinds of metelelescip-
tions poses an intesting eseath questionbecause thediffer consider
ably in their depth of modeling the wrld, the methods usednd their
typical use Because an OM contains bothrhal and inbrmal knawv-
ledge, we piopose an ingrated use of ontolgy and thesaws for do-
main modelingThe concpts of the domain ontody are the basic {pmi-
tives br the brmal knavledge representéion. In adlition, the integrated
use of ontolgy and thesawrs contains becal information for use in
classifying and accessing orfnal knavledge. For instancethe concpts
of the ontolgy are extended with equalent linguistic tems tha occur in
textual documents.

Context modeling

In addition to the usual modeling dimensions obimfiaion retrieval,
we focus on conte as highy relevant for retrieval within an ogan
ization. Contett modeling concers two issues:

« the intendedpplicaion contet of a knavledge item,and
¢ the conta&t a knavledge item vas ceded in.

For instanceif a notice dout some customer or supplier has been
creged within a cemin business conté—sud as pice neotiations—
this contet information can be ery valuable in detemining the ele-
vance of this notice in a megpplicaion contet. For paticular kinds of
information—sud as best-@ctice eports, lessons-leared or brmal
design wles—the pplicaion task can be spei@fl in adiance We sug
gest epressing inbrmation contet in terms of the oganizdional
structure and the prcess modelS hese in tun ae expressed in tens
of theentemprise ontol@y. The design of the enferise ontolgy builds
on insights and deelopments fom enteprise modelingfrom kusiness-
process modelingand oganizaional modeling in kneledge-based
systems’8

Knowledge description in lessons-learned archives

Table A shavs a sample kneledge-item desdption in kind of a fame
representéion tha was inspied by knovledge-item desaptions for
organizing lessons-leaed or best-ctice désbases:

Implementation aspects

For representing and iefing knovledge desadptions,most eseath
approades ely on desdption logics or elaional daabases and Balog;
some nerer pojects lild on Fame-Lajic. From the perdrmance and inte
gration points of viev, we pefer ddabase-oented systems with dedugj
object-orented fcilities,extended g medanisms to handle thanous
forms of uncerinty naurally coming into plg in information retrieval.
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| Knowledge task |
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to the user
Perform info retrieval
Y
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Y
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parameters in parameters
]
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Figure 4. Principal steps for knowledge-task support.

offers a detarative task epresentéion tha

can be rtended to eflect the OM-specit

needsThe d/namic &ecution of a pocess
model ty some verkflow engne ofers the
necessarhooks to ealize the actie suppar
by the OM.

Desciptions of tasks in ausiness prcess
compise the pedecessarand success®in
the pocessthe paticular actvity with tools
and esouces,and the warables tha are
accessite from the vorkflow system and the
tools. Knavledge tasks as perof a lusiness
process a not deply modeled Consider

for example the cedit piocess in a bank|

Making the decision tether a customer i
creditworthy is suely a knavledge taskThe
process modehowever, represents it as &
simple task ofifling out a paticular form.
To endle the OM to povide optimal sup
port for tasks of this degory, we developed
a representtion frame br knavledge tasks.
This representtion extends thedrmalisms
adgpted fom the lisiness-modelingm
proad: it chamacteizes a knwledge task ly
the specitation of suppoting information
that helps the human hieve the @als of the
task.To fulfill an information needactions
of varying compleity can be imgined rang
ing from ddabase quées using ell-defned

selectionsto arbitary deductions on content Extendedepresentéion of knavledge tasks.

desciptions of a document base or caleu
tions by some &pett system.

as theglobal contet of the knavledge task,
as the pocess ultimtely descibes the
objective of the task sequendduring en
actment ly the workflow systemthe in
stances of theariables form thelocal con
text of the paticular task instanggroviding
the necessgrinformation eout the eni-
ronment br the actual actity. This is com
pleted ly a \ariety of workflow contol data
tha the workflow system dfers and tha
inform aout the stee of the paticular
process instance

This integration of workflow-relaed infor-
maion into the knavledge-handling melga
5 nisms povides anwers to thee guiding
questions thigplay a cucial ole in efective
1 suppot:

« What is the werall goal of a paticular
activity, and which suppot is needed?
(this is epresented in the pcess model)

¢ Wha conttual information is alead/

ansvered by the workflow actwity in-
stance)and

« When is the suppbgppropriate? (when
the actvity is stated duing workflow
execution).

aTo realize the concpts just discussedve
extend the epresentéion of a knavledge

known & this paticular instance? (this is

We intepret the complete pcess model

task bgond wha is usualy represented in @

business mcess modelyo

e A set of inbrmaion-need desdtions.
Ead information need beara name and
is chamacteized ly a set of peconditions
(goveming when the inbrmation need has
to be considad),a paametized infor-
maion retrieval quey, and a delaration
of the local gals to vhich it contibutes.

* A set of postpscessingules thainflu-
ence the prsentdon of nonbrmalized
information or guide the mcessing of
formalized dda. Results of these @r
cessing stes might tigger preconditions
of some inbrmation needs.

This modeling of some kmdedge task
occus duing process defiition. The human
expett creding the etended pocess model
formulates inbrmation needs tharesult in
relevant informdion & runtime

Processing a knaeledge-task modelThe
evaluaion of the &tended epresentéion of
a knavledge task aruntime lets the OMaat
ize its 0le as an assistant system. Colted
by the workflow enactment sgice, the acti
vation of a knavledge task stas both the
corventional gplicaion (for example an
editor with a rm needing somed¢ data and
a decision wether the a@dit should be
granted) and an aitional knavledge agent
(see kgure 4).The ldter evaludes the pe-
conditions and dérs the aailable informa
tion as possile suppor to the userOn the
users demangdthe system instanties the
cumrent paametes and pedrms the inbr-
mation retrieval. The postpocessingules
detemine the pesentéion of the esult,
which finally enales the user to pceed in
the knavledge task. If the user decides tha
the task has been completedntol trans
fers bak to the vorkflow system.

Knowledge acquisition and
maintenance

Knowledge acquisition and maintenance—
the main easons Wy knowledge-based sys
tems so oftendiled in industial practice—
also pose a seus halleng for OMs.As our
industial case studies sh@d minimizing
costs br up-front knavledge endgneeing is
critically important. Futhemore, an OM
resides in ayhamicaly changng erviron-
ment and is thus subject te@fuent banges
and adptations.
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Enteprises can successfyltievelop and
maintain an OM b adheing to the 6llowing
principles:

» Exploit easiy available information
soukes.

» Forgo a completedrmalizaion of
knowledge.

» Use automtic knovledge-acquisition
tools.

» Encouege user éedbak and
suggestions 6r improvements.

» Chek the consistencof nevly
sugested knwledge.

Numeious &peliences hae shaevn tha
for reasons of cost-Btiency and pactica
bility, knowledge acquisition and mainte
nance shouldaly as little as posslb on
human epetts. Our pproad thus elies
mostly on documents and thibasesas a
cheaq, plentiful, and easi} available souce
of informaion. More expensve user éed
bad should be used spagly to detect miss
ing, invalid, or outdaed knavledge.

In the Pllowing desciption, we distin
guish between tebniques 6r extending the
object-level knavledge and the ontolgies.

Updating the object level. As we've dis
cussedfor every document adied to the OM,
a knavledge desaption must be aded Gen
erating knaovledge desdiptions for textual
documents can be supped by document-
classiication and inbrmation-extraction
techniquesThe desdption of the documen
conteniin pat can be etracted automically.
In our deoattment,we developed document
analsis tetiniques theextract elevant infor-
maion, leam gppropriate dasses of docu
ments,or dassify documents acating to a
given set of lasses? Some of the tdmiques
are specically qualified to etract informa
tion from pinted documents and thus allo
the leuse of akad/ existing documents in an
OM.

Databases a a second soce of useful
knowledge. Knowledge discerery from dda-
bases or da-mining tetiniques use tools
fromAl, mahemadics, stistics,and visual
ization to extract knavledge from opestional
daabases or da warehouses. & example
classifcation tedniques let ussrextract cus
tomer pofiles from sales dabases.

Exploiting automatic thesaurus genera-
tion for ontology construction. Agreed-
upon domain ontolgies do not ist for

|documents”databases

thesaurus
generator

similarity
thesaurus

interactive
knowledge knowledge
engineer acquisition

and
update tool

ontology/

thesaurus,

knowledge
base

Figure 5. Thesaurus generation as the basis for conjoint
ontology/thesaurus evolution.

mary domainsTherefore, the deelopment
of domain ontolgies and d& models tas
place pior to filling in the object-leel infor-
maion (with possite iterations). It con
sumes a considasle potion of the total
development dort. Hgure 5 shavs a poce
dure for knovledge acquisition and mainte
nance thais based on the $& pinciples.

For exploiting the inbrmation from docu
ment collectionsye developed an autontia
thesauns-genestion tool tha combines se
eral stae-of-the-arthesauns-genestion meth
ods.To focus the thesauss-geneetion process,
a list of keywords might be supplied thare
known to pley an impotant iole in the espee
tive gplicaion domain. Sue keywords ae
usualy available from daabases gin the case
of an updée, from an &isting OM.

The thesawrs genestor extracts elevant
terms and elations from the gven set of doc
uments. Egn though cuent tetiniques ont
allow the automtic extraction of similaity
relations (or more precisey, “has-to-do-
with” relaions),the so-obtained simildy
thesauus shavs in a condenseaifm mary
interesting elaionships betwen impotant
domain tems. By adjusting gnegtion pag-
metes, we can &tract diferent kinds of
terms and eldions, without haiing to read
the lespectie documents.

As compaed to a manal knovledge-
acquisition-fom-text approad, in which a
domain epett or a knavledge engneer eads
selected tets to identify elevant pieces of
knowledge, automdic thesauns genegtion
is paticulary effective when lage amounts
of text are available. These tgts might @en
be of ether poor quality and contain a mi

ture of rlevant and irelevant information.

This is often the case with documentsttha

are routinely creged dumg work processes.
But, high-quality documents summizang
the essentials thanight be useddr a man
ual knavledge acquisition a often not aail-
able or ae not detailed enough to beatly
useful.

The knavledge engneer then intgrates
the information obtained fom the thesauis
geneator into the OM semiautontiaally,
scanning the similéy thesauus and decid
ing which relaions should bedrmalized and
added to the knaeledge base or ontolyy,
which should be inladed in the thesaus
integrated with the ontolgy, and which
should be ignad

Because a maral inspection andassii-
caion can ony be perérmed br a limited
number of similaity relaions,a tool suppds
the knavledge engneer tha highlights the
most pominent eldions not ¥t knavn in
the curent oganizdional memoy. This tool
also lets him specify actions based anous
criteria, which ae then autontecally applied
to the other tens and elaions in the simi
larity thesauus. The desdbed knavledge-
acquisition and upde piocedue can bee-
iterated d regular intewals when a sufcient
number of nev documents or dabase
enties hae accued

WHILE THISVIEW ON ORGANF

zdional memoy covers the necessastes
to realize an actie assistant systerorfpro-
viding and manging contet-sensitve infor-
maion, it is by no means alased or com
plete pesentéion of the topic In geneal,
organizaional memoy cannot be undstood
as a bsed eseath ara of its an; it meely
grows out of a ppgméic integration of man
ifold Al—and other—tehniques diven by
an ambitious pplication goal. Fgure 6
shavs a umber of impotant ieseath aeas
that contibute to OM tebnology, organized
accoding to our thee-lgyered viav on OM
realizaion. Dan O’Leay presents a fiher
idea of possile protagonists in this domaif.
Our view of OMs gew out of industial
experiences and is constagptichedked
against eality by application projects tha
use and dticize our basiceseach results.
Important aspects of the ipciples we've
discussed hae beenealized for example
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Intelligent information retrieval

Electponic performance support systems

Personal assistants

Workflow management

Active,
context-sensitive

knowledge supply
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knowledge
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evolution

dge acquisition
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Document analysis
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Information flltering
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Figure 6. Several research areas contributing to an OM technology.
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