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Abstract. From an IT point of view, a key objective of successful
knowledge management is o provide relevant and necessary
informarien ar the right time to support himans in accon-

pishing their tasks. This paper presents @ prototypical system

which meets this objective in un enterprise emvironment. Based

on context information associaled with the enterprise’s biisiness
processes, an imegration of workflow engine and informeation
assistant enables active preseniation of relevant information 1o
the wuser. We describe the functionality of the system and

eluborate (i) on recessary extensions to the business process
maodels, (i) the entologies used for information modeling, and
{iii) the integration of workflow engine and active information

assistant. The protofype system has been developed in the
KnowMore project of the DFKI Knowledge Management

Giroup.
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1. Introduction

Corporate knowledge management (KM) has been
recognized by many companics as i very important
objeclive. Managing a company’s knowledge assets
compriscs, among other things, (i) managing human
resources, i.e., the organization’s employees, in such a
way that they construct, renew, and try to commu-
nicate and share their tacit knowledge, and (ii)
managing the company’s explicit knowledge, i.c..
documents, formal rules, etc.—technically, informa-
tion—in such a way that the right portion of explicit
information  available in the “‘organizational

memory” is provided to the right person at the
appropriate lime.

Having a look at existing IT support for knowledge
management, one can identify two main approaches
{Kiihn and Abecker, 1998) which roughly correspond
to the above two KM dimensions:

The process-centered view mainly understands
KM as a social communication process which can
be improved by various aspects of groupware support.
[t is based on the observation that the most important
knowledge source in an enterprise are the employees
and that solving wicked problems (Conklin and Weil,
1997y is merely a process of achieving social
commitment than one of problem solving. Basic
techniques for this approach try to stimulate human
communication and collaboration, and come from
computer-supported cooperative work (CSCW) and
from workiflow management {cp. Prinz and Syri,
1998; Simone and Divitini, 1998).

The product-centered view [ocuses on knowledge
docoments, their creation, storage, and teuse in
computer-based organizational memories. 1t is based
on the idea of explicating, documenting, and
formalizing knowledge 1o have it as a tangible
ressource, and trying to present the right information
sources al the appropriate time to the user. Basic
techniques  come  {rom  document managemenl,
knowledge-based systems, and inlormation systems
{cp. Kiihn and Abecker, 1998; van Heijst, 1998).

In this paper we mainly focus on the latter
approach, namely intelligent information manage-
ment. However, in order 1o justify the terms
“knowledge management’”” and  “‘organizational
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memory’” instead of “*information management’” and
“‘information system’’, we focus on aspects motivated
by the analogy to the human memory, as well as by
practical hurdles for the introduction of KM systems
deseribed in Kihn and Abecker. 1998, Two important
aspects we  address with our appreach, are the
proactive delivery of information to the user by an
intelligens information assistant, and the idea of
assessing  task context information to improve
information retricval.

The system which we describe realizes a novel,
purposeful integration of existing, fielded techniques,
namely workllow management and knowledge-based
information retrieval. The basis of our approach is the
observation that business process models in an
enterprise can provide worthful context information
for highly-selective, situation-specific information
supply. So. we integrale workflow engine and
information assistant such that vselul and necessary
information is actively presented to support the
human wvser in performing a knowledge-intensive
activity. This approach has been prototypically
implemented by the DFKI Knowledge Management
Group in the KnowMaore project (sce also Abecker et
al., 1999a; Abecker et al., 1998h).

The overall approach of our KnowMore system is
sketched in Fig. [7 while a human user is always in the
loop of a running business process, accomplishing
knowledge-intensive tasks (KITs) is supported by
information retrieved (rom the complete organiza-
tional knowledge base. All kinds of information are
treated in a similar way thus giving access 1o
databases and retrieving informal documents, uas
well as oflering communication paths to knowledge-
ahle colleagues. Homogeneous processing  and
retrieval is based upon knowledge-bused ontological
information modefing. The running business process
is cxploited not only lor automatically launching
queries to the OM,' but also to define situation-
specific context for enabling a concise retrieval of
relevant knowledge items.

Belore discussing the technical framework for
realizing such a functionality, Scetion 2 will give an
impression of the system prototype with the help ol an
example. The necessary extensions tfo the business
process models, the ontologies used for information
modeling, and the integration of work{low engine and
information assistant are described in the subscquent
Sections 3, 4, and 5. After some remarks on
implementation issucs (Section 6), we discuss some

related and its impact on possible future work in
Section 7, and finally conclude with Section ¥,

2. A Quick Run Through the KnowMore
System Functionality

As a running example consider the business process of
purchasing goods for our research institute DFKI
{similar business processes can be found in most
public administrations). Fig. 2 gives an impression of
the formal workflow to be performed (o this end. It is
graphically represented with the ADONIS business
process modeling tool (cp. Karagiannis et al., 1996;
BOC GmbH, 1698).

A purchasing process starts with an employee
filling out a demand specification form and mainly
consists of a fairly deterministic sequence of more or
less simple admintstrative steps like checking the
budget, writing the order, or assigning an invenfory
number.

However, among such simple administrative
activities, there are a few working steps requiring
expert knowledge and purchasing experience, Some
of them are marked in the picture by a dark
surrounding circle. We will locus here on the
preparation of a detailed specification of the goods
to be purchased (which computer model from which
manufacturer delivered by which supplier?) based on
the possibly rather vague demand descriptien of the
employee who initiated the purchasing process ("'l
need some high-end PC with a good graphics card!”’).
It an unexpericnced employee should accomplish
such a detailed demand specilication, questions like
the ones shown m Fig, 2 could arise, the answering of
which would be a helpful service of an organizational
memory information syslem,

The KnowMore poject provided a framework and
toolbox which helps to easily build applications which
would actively offer to the user answers to such
questions  as  described above. The KnowMore
approach proceeds with the Tollowing steps:

1. During business process modeling:

o The application programmer models the overall
business process with @ conventional BPM/
workflow tool.

e lor knowledge-intensive tasks (KITs), the
respective workllow activities are extended by
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Fig. 1. KnowMore supports complex tasks by comtexi-specific information suppfy.

generic gueries to be posed to the OM, the
answers ol which would help 1o perform these
tasks.

. During workflow enactment, the system instanti-
ates the generic queries with context information
specific o the actual workflow instance, tries to
answer the queries through the OM. and actively
delivers {or, offers) the answer to the user.

)

Fig. 3 shows a screenshot of our system prototype,
On the left, in the background, we see an editor
window of the workflow application used to create
detailed demand specifications. The input mask
accepts up to three items to be purchased and already
comtains the itial specification given by the end
user (he needs one graphics card, in German
Crafikkarte). Now, it has to be decided which
concrete card 1o buy (the product slot in the input
mask), and from which supplier (the supplier slot in
the input mask).

The KnowMore system supports this decision in
the following way:

At the moment when the workflow cngine starts
this activity, the system takes (he information needs
associated ro the activity al modeling time, and [inds
out whether some clement of the OM can alrcady
compute a decision suggestion (i.e., whether there is
some expert system or decision support functionality
available which can rcadily be evaluated). This
suggested decision value is inserted in the user input
mask offering a proposed solution (in the example, the
suggestion is to buy a Matrox Mystique card).

Further, the system determines about which
decision variables il is able to offer some informatien,
and it inseris information buttons (“‘I"") at the
appropriate places in the input mask. If the user
wants some supporting information for one of these
decisions, pressing the *'I”’-Button staris a query to
the OM system. Such a query may retrieve several
classes ol information. Tt might vyield highly
recommended company-internal business rules for
purchasing in general or [or specific product classes,
or technical information about possible buying
alternatives; it might also produce pointers to
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Fig. 2. Knowledge-intensive taskys are often embedded nre “tame’” workflows.
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knowledgeable colleagues who are known to be
competent [or such kinds of decision—because of
their entry in the personal skill database, because of
their training records or position in the company, or
because they recently did a similar purchase. The
manifold different answers will have different
relevance in the concrete situation. So they are
ordered according to the relevance estimation com-
puted by the retrieval function, taking info account a
predefined order (specified in the postprocessing rules
of the support specification} based upon the task-
specific relevance of different information types. The
orderced list of results is offered to the user as a list of
hyperlinks in the KnowMore information browser
(Fig. 3, right side, foreground).

The vser either accepts or overwrites a suggesicd
solution. When the partial demand specification is
more detailed, or when the situation changes for any
reason, he or she might ask again for KnowMore

support via an “‘T"” button. The system then notices
the change of the state of affairs (technically, this
means, that some variable value has been modified)
and reevaluates the query against the archive system.
Fig. 4 shows the effect of taking into account the
change in the process state: in the right part of the
picture, the user has selected the Matrox Mystique
card which considerably narrows down the scarch in
the OM. Now, all documents are eliminated which
have no direct relationship to this speeilic card. What
remains are only compulsory purchasing business
rules and specific information about the Matrox
Mystigue prodect. Tf we would ask now for
information support concerning potential suppliers,
the system would yield only information about
suppliers which are known to sell the Matrox
Mystique, whereas in the previous process state (left
hand side of Fig. 4) all suppliers would be described
which sell graphics cards in general.
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Fig, 3. The KnowMore system offers context-sensitive informarion supply.

2.1.  Research topics for realizing the KnowMore
Junctionality

For realizing the described functionality, the
KnowMore system makes the (ollowing technical
provisions:

e Each KIT in a business process model is equipped
with a support specification describing the respec-
tive information needs as generic queries or query
schemes to be instantiated at runtime, together
with their appropriate preconditions and postpro-
cessing rules for the results. For this, we have (o
describe the appropriale representation means.

e [norder to instanuiate the query schemes at runtime
thus exploiting situation-specific knowledge and
context parameters, the retrieval process must have
access to the workflow parameaters, and business

process models must be enriched by so-called KIT
variables. These variables deseribe the information
flow between tasks in the workflow, and are the
communication channel between worktlow and
information retrieval agents (in the above example,
the product slet). They are embedded into a
domain ontology (cssentially, this means that
their values must be of a type defined as an
ontology concept),

The modeling of support specifications. informa-

tion needs, and KIT variables is described in Section 3.

e For cnabling precise-content retrieval from mani-

fold heterogencous sources in the OM, a powerful
representation scheme for unilorm knowledge
description must be provided. In KnowMore, we
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model structure and metadata, information conlent,
and information context of OM knowledge items
on the basis of formal ontologies.

This is discussed in Section 4,

e Within an information agent, the realization of
ontology and metadata-based retricval with back-
ground  knowledge and  search  heuristics
conslitutes a complex interaction of formal inler-
ences and informal retrieval.

Section 3 gives an impression of the implemented
information retrieval approach as well as some hints
for future exlensions.

3. Modeling Information Needs

Knowledge-intensive tasks (KITs) are al the heart of
any knowledge work which in turn can be increas-
ingly identified inside the core competencics of
modern enterprises (Shum, 1998; Cenklin and Weil,
1997; Davenport ct al., 1996). Working on KITs is not
problem-solving in the proper sense (which means
performing a well-defined scquence of steps lcading
to a clear outputf), it is mercly characterized by
unforeseeable communication, negotiation, and con-

trol flow, and ususally stops with sort of “‘social
agreement’” achieved within the project team. A
central property of all activities involved is the
exlensive dealing with acquisition, creation, packag-
ing, and application of knowledge in manifold forms.
Normally, such tasks are represented as manual
activities in workflow management systerns which
are In principle beyond the scope of automated
support.

In contrast, the basic ussumption of the KnowMore
approach is that KITs can be described (at least partly)
by (one or more) explicitly expressible information
needs which need to be satisfied for achicving the
goals of the task. Fulfilling an information need may
require actions of varying complexily, ranging from
database querics using well-defined sclections, over
access o relevant documents from the corporate
library, extended keyword retricval on the world-wide
web, up to queries passed to an expert system.

A KIT forms a unit of sense, but further details
might be given by specifying several (partial)
information needs. Each information need will resalt
in some informarion which supports a particular
aspect of the complete KTT. Tf there are logical or time
dependencies among the output of several information
needs known at process deflinition tme, they can be
represented in the KIT description. To this end, the
KnowMore system provides preconditions in the
various information needs, and processing rules for
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their results. Both influence the way (he information
needs are interpreled and fulfilled during process
exceution. If all relationships and interdependencies
between information needs were known, we could
probably represent the KIT as an ordinary workflow,
But this is per definitionem not possible for a KIT.
Hence, the unposed structure is only partial; it will be
used for more effective information search and
presentation, and not for guiding and controlling
KIT processing,

Technically, a KIT is a special case of an ordinary
workflow activily extended by a support specificalion
{containing information needs and processing rules)
which may refer to the global and local process
confext (the lower part of the task box in Fig, 5). The
support specification inside a KIT representation
cmploys a description frame as shown in Fig. 6.
This description frame specifies:

The precondition allows to restrict the evaluation

of information needs depending, e.g., on the state of

their parameters (only execute i some variables are
already non—null, or: if a specific parameter is already
known, skip this need) or on the state of the process
(skip if time is critical).

The agent-spec  description of the relevant
information is interpreted as a remote procedure call

Task

= participant
= activity _
+  input/output variables

{ Info-Need-1

Info-Need-2

axiensions

to a specific information agent. Such a software agent
is responsible for retrieving rclevant information. At
runtime, it is invoked and provided with a number of
parameters taking context information from the actual
working situation to the retrieval process.

The from description ol the information sources is
a construct occuring in the current KnowMore
implementation which might become obsolete (or,
an optional parameter} in future versions of the
systemn. In principle, determining the info sources
which are relevant for a particular information need is
a cenlrai objective of the information agent. By
computing  info-source =J  ( parameters.expected-
output callingActiviry processinstance),  the  agent
finds the knowledge source according to the goal
and contex! information. As a first step, however, we
identily suoitable info sources at process definition
time, ¢.g., the well-known databases ol the enterprise.
Thus from contains a list of relevant info sources,

The confributes-to field indicates the goal of the
particular info need: its purpose is to support the user
in finding vahues for the variables mentioned here, On
the basis of this information. the inlerconnection
between different information needs can bhe deduced
and evaluated by the system.

The processing rules govern the postprocessing of

The conventional process model provides context information

== what to do, resources ...
=~ data flow

== referring to
* process status
¢ input/ cutput variables

info-Need-n

} =~ govern presentation/computation

{post-processing rules}

P
!

— provides the information
~— variables influenced by the result

Fig. 5. Information needs refer o the current global and local provess status,
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Context information, tnherited from simple task

name, a gymbol identifying the KIT
execute, denotes the application which is supported by the KIT
input:{variable} denotes the local context of the Ki'T
output: {variable} denotes the local goal of the KIT

Process contert, provided by the runiime environment
#callingActivity, #processIn- These symbols may be used in the following to refer to
stance the relevant workflow control data. These symbols indi-

cate the actual instances of the activity which initiated
the KIT and of the process which contains the activity.
This information is provided at runtime by the workflow
management system.
Support specification,
containing a set of information needs whick detail the KIT and connect between interface
variables and information retrieval queries
local-variables:{variable} declaration of additional variables used in the KIT des-

cription

infoneeds:{

{name, a symbol

description, a comment

precondition:{ constraint-  a set of constraints on any of the variables accessible from

object} inside the KIT. The information need is only evaluated if
these preconditions are fulfilled.

agent-spec, a string, containing the specification of the information

needed which can be given at process definition time.

a subset of the relevant input variables, local variables, or
the above-mentioned symbols denoting references to the
calling activity and the process instance. The values of
these interface elements are only known at process execu-
tion time.

a set of symbols denoting info sources. This might be
omitted, if the knowledge agent which processes the KIT
is able to compute the relevant information sources.

local variables or output variables which are filled using
the result of this info need.

parameters:{variable},

from:info-source-description,

contributes-to:{variable}

) }

processing:{ if constraintobject
do action }

A set of forward rules working on the result of the infor-
mation needs.

Fig. 6. Support specification for a knowledge-intensive fask.

the retrieved information. Usuvally, the result of
evaluating the information needs is prescnted to the
user. In certain cases, however, itis possible to specily
further operations (e.g., a formal knowledge item is
used for direct computation by some algorithm). The
result of some information need--seen in meta-
information from the information assistant system—
can also trigger further operations. The consiraintob-
Ject may conlain expressions about any variable
accessible inside the KIT or about meta-information
which is provided by the system. Examples of meta-
information are, e.g., emply result or count of

o

produced information objects. Action comprises
sorting of results, calculation of values, the setiing
of variables, or the activation ol derived information
needs.

KIT modeling in the purchasing example. Coming
back to our DFKI purchasing example (see Section 2,
Fig. 2, we focus on the detailed demand specification
mentionced above (see Fig, 7).

The process starts when an cmployee indicates the
need for some product, e.g., some hardware compo-
nent, The details of this product are to be specified by
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<output>
product-name
product-id-no
price
supplier-id
</output>

Fig. 7. A section from o purchasing process.

experls in this field. As numcrous questions of
compatibility, availability, and bargain must be
considered, this is a difficult and knowledge-intensive
task, If the specification has been fixed and the
supplier 1s known, the purchasing department sccre-
tary may write the order, and the process goes on,

In order 1o provide adequate suppert we model the
knowledge-intensive task in more detail. As alrcady
pointed out in Section 3 we can assume various
information sources:

e Names of products, their technical data, and
additional technical information exists in some
database (e.g.. the PC-SHOPPING list on the
WWW).

e The product I} number and the price of the
product are taken from catalogues of the supplier.

e A list contains all suppliers in contact with the
enterprise.

e Various people arc specialists on some-or-the-
other details about particular products. Depending
or the actual product {o be purchased, they should
be asked.

& Previous experiences about products and suppliers
arc collected as written notes.

e Technical details aboul product quality, tests, and
product comparisons can he found in HTML files
on the WWW, e.g., provided by computer maga-
zines,

o Company-specific business rules arc available
text form and can somectimes—Iike the purchasing
strategy for graphics cards—be partially forma-
lized for automatic decision support.

Fig. 8 shows the respective KIT is represented as it
is unplemented in our current system prototype.

Cooperation beiween workflow system and the
KnowMore assistant system. The ceniral instance
1o work on the KIT is the hurman workflow participant,
He is responsible for solving the problem at hand.
Thus the worklist handler simply presents 1o the
work{low participant an editor window with the KIT
name and the input and output variables. The human
user accomplishes the task at hand by filling the
outpul variables.

In parallel, the KIT representation is passcd to the
KnowMore assistant systern which evaluates the
information needs and instantiates the parameters. 1t
then presents the various information needs as support
offers (e.g., “‘I'” buttons) to the user, using the name
and the comment of the information needs (cf. Fig. 9).

The usor selects interesting offers, Then, the
knowlcdge agent determines the relevant information
sources, creates suitable queries from the information
need and performs the information retrieval. The
result is presented as supporting information to the
user (cl. Fig, 3.
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KiT:
( name:
relevant-input: {product-typel},

infonesds:{
{name: available-products,

precondition:{},

agent-spec:

parameters: {product-typa},

from: {product-database}
contributes~to: {product-name}
),

(nhame: ask-specialist,
description:

precondition:

agent-spac:
{product~typel},

parameters:

agent-spec:

agent-spec:
parameters:

}

Specify-product-kit,

expected-output:{product-name,product-id-no,price,supplier- id¥,

description:"Products of the wantad type, from database",

“database-agent select $p"

"email to specialist for the wanted product"
{product-name==null} // ask only if no idea yet
'person-competence-

{enterprise~competence-base}

from:
contributes~to:{product-name,supplier-id}
)l

(name: relevant-suppliers,

precondition: {product~name!=aull},
"database-agent select($p-type,$p-name)",

parameters: {product-type,product-name}

from: {list~of-suppliers}
contributes-to:{product-id-no, price, supplier-id}
)’

{name : prev-experiences,

"full-text-retrieval keywords $*",
{product-type, supplier-id}

from: {notes-archive}
contributes-to: {product-name, supplier-id}
)
processing:{

if (price>100) propose prev-experiences
if (supplier.specialconditions) price=0,.38+price

agent”,

Fig. 8. A KIT representation [or the purchasing example.

Any change in the various variables which the user
has to fill must result in a re-evaluation of the
information nceds depending on these variables.
Again, this shall be realized as a suggestion to the
user: The previcus results are marked as possibly
ourdated, but the activation of a new retrieval process
is left to the user.

As soon as the user completes the task and the
fitling of output variables, a message is passed to the
worklist handler. Automatically, the information

assistant receives # close signal for this particular
KIT, closes the display windows under its responsi-
bility, and exits.

In summary, the information necds modeled in the
KIT representation are satisfied by the information
assistant (called “‘knowledge agent™ in Fig. 9), under
control of the human workflow participant, and in close
interaction with the worklist handler. Thus, the
integralion of the knowledge agent inlo existing
workflow cnvironments only requires (i} the extenston
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knowledge-intensive task

KIT representation

worklist handier

manual activity

: knowledge agent
interface \ -
s ~  —————
BN L suppor specitication
Simple Task (infoneeds, processing
(input, output, programj..| ruies) =
¥
(instantiate interface)
__.suggest ;
< initiate —-» Cpropose evaluatlonqu
present variables perform info retrieva
to the user (call ,about’)
" post-process for
- - —.-..3upport uitable presentatio
user fills variables by info 3
changes in isten to changes

7T parameters in parameters

C return results )
Y, J
Fig. 9. KIT processing by worklist handler and KnowMore assisiant sysfem.
of the business process definitien by the KIT represent- there has not been an imporfant change in

ation, (i) the KIT variables, and (iii) the implementa-
tion of a suitable worklist handler. The remaining
workflow enactment services stay untouched.

In the support specification (see Section 3, Figs. 5
and 6) there is also somea postprocessing defined
which determines the integration of info agent resulis
mto the overall support scenario, as well as the play-
wgether of several mflo agents. In the implemented
purchasing example illustrated by Figs. 3 and 4, two
simple kinds of postprocessing were used depending
of the type of ouwput delivered by the inlo agents:

I. Computed values: Since there exists a formal
decision rule in our company staling that—il

)

technology—it should always be bought the
same card as at the last buys, it can be derived
a concrete purchasing suggestion, namely the
Matrox Mystique. Such a computed value lor a
decision variable can directly be inserted into the
user interface of the variable editor (generally
speaking, the computed value can be further
processed by the application of the current
husiness process aclivity).

. Informal material: All other material (test reports,

technical data sheets, memos of colleagues) has to
be presented to the user in the information browser.
Before, the postprocessing rules govern in which
order Lo sort the results.
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4. Modeling OM Sources

A uniform, intelligent access to a diversity ol objcct-
level sources is enabled through the knowledge-
description level, the middle-tier of our three-tiered
architecture depicted in Fig. 1. Since legacy informa-
tion systems shall be incorporated into the OM
scenario without @ need for modification, we propose
a separale, knowledge-rich information modeling
level.” Essentially, its purpose is to ease;

e Precise selection and efficient access to informa-
tion and knowledge recognized as relevant in a
given task context and application situation.

e Detter comprehension and interpretation by the
user and the system in a given task and application
context.

Every information and knowledge item® is
described by a number of aftributes for three basic
dimensions of information modeling the concepts of
which arc defined in three corresponding ontologies
(Fig. 10):

[. Information meta model.
2. The information content.
3. The creation and application context.

The distinction of three different ontologies might
appear a bit artificial. [ndecd, sometimes objects
beleng to maore than one ontology, e.g., employvees of

the company which might he aathors of some

Information

Ontology

context content

Domain

Ontology

Enterprise

Ontology

Fig. 1. Three amologics span the basic dimensions of informarion
mindeling.

documents and occur as department members in the
enterprise ontology, bul are also “‘content descrip-
tors” of their personal files thus being elements of the
domain ontology. The same holds true, e.g.. for
projects which can be creation context for some
document thus belonging to the cnterprise ontology,
and content descriplor of brochures and experience
reports, Le. part of the domain ontology.

The presentation of three ontologies instead of one
has didactic reasons, since it shows the dimensions to
care abhout. Turther reasons arc the matters of origin/
creation (e.g., thc enterprise ontology is wsually
already [ormally represented somehow in a company,
be it in a workflow system. or in an organization
handbook, whereas the domain ontology will usually
not yet exist in an explicit representation, but might
partly be hidden, e.g., in the organization schema of
the corporate library, or in the glossary of technical
documentation} and of stability {usuvally. the informa-
tion ontelogy is very stable, while the organization
ontology may be subject to regular changes, and the
domain ontology could often change, depending on
the domain). Of course, these issues do also influence
the questions who creates and updates the respective
ontologies (or parts of a unified ontology) in a real
application cnvironment,

Before discussing the question of ontology
representation, we shortly sketch the respective
content of our three knowledge-description ontolo-
gics.

Information meta modeling. The information meta
maodel describes the different kinds of information
sources with their respective structure, access, and
format properties. Besides the vocabulary for such
merely “*syntactical’” properties ol specific informa-
tion sources, the information ontology also contains
generic concepts and attributes that apply to all kinds
ol information—1ike the timeliness, the author, the
relinbility of information, or the type of statements an
information source makes; for instance, it may
express descriptive knowledge about products and
processes or preseriptive knowledge stating how to do
certain things, Murthermore. the information ontology
introduces concepts and attributes specific for certain
kinds of information sources; for instance, access Lo
an external commercial database involves costs and
time delays, whereas personal compctencies must be
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accompanied by the level of expertise of an employec
and her availability,

Essentially, the information ontology (1) comprises
mela-level aspects of information sources which do
not directly describe the content itself, but its
characteristics, (ii) it provides links into the domain
ontology used for confent description, and (iit} it
provides links into the enterprise ontology which is
used Lo describe the creation context and the intended
utilization context of information items. The simpli-
fied example shown in Fig. 11 gives an hnpression
how the several oniologies interact,

Content modeling. For modeling the content of
mformation sources, we pursue the conceptual
mdexing (Woods, 1997} approach which is character-
ized by sophisticated models of the domain the
documents talk about and by document indexing
using pointers into these domain models (i.c., pointers
to formal ontology concepts). This approach aflows,
¢.g., formulation of domain-specific search heuristics
(Baudin et al., 1992), moerc precise query formulation
(van Bakel et al, 1996), or more comfortable
knowledge browsing for the user (McGuiness,
1998), It is a way for imtegrating information [rom
different  sources  with  dillerent  vocabulary
{(Kindermann and Hoppe et al., 1996), and also a

enterprise ontology information ontology

means for indexing non-text documenis {e.g.., video
tapes or images) (Gorden and Domeshek, 19935),
Regarding the effectivencss of information retrieval,
precision can be improved because formal models
help for the disambiguation of polysemous words, and
recall can be improved through ontology-based query
reformulation in the case of empty or small result sets.
Tn KnowMore, the latter approach is realized using
domain-specific search heuristics for finding docu-
ments loosely or indirectly relaicd to the search
concepts (Liao et al., 1999). In Sintek et al., 2000, we
discuss additional idess for the use ol domain
knowledge to improve information access,

Since an OM typically contains muoch knowledge
informally represented in lexts, we link our formal
ontology concepts to thesaurvs-like lexical informa-
tion: The concepts of the domain ontology are the
hasic primitives for the formal knowledge representa-
tion; attached lexical information aboul typical textual
expressions or occurence indicators for [ormal
concepts can help to classily (Tschaitschian et al.,
1997y, summarize (Hovy et al., 1999), and access
{Guarino et al., 1999) informal knowledge.

Context modeling.  In addition to the uswal modeling
dimensions of Infoermation Retrieval, we focus on

domain ontology
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context as highly relevant for retrieval within an
organization. Context modeling concerns (wo issues:

e (he mtended application context a document is
assumed to he usetul for, and

e the context a document was created in, which can
be exploited for an estimation ol its relevance in a
new, possibly similar, application context.

For instance, it a4 notice about some customer or
supplier has been created within a cerlain business
conlexi—Ilike price negotiations—this context infor-
mation can be very valuable to determine the
relevance of this notice in a given, new application
context. For particular kinds of information, Tike best
practice reports, lessons learned or formal design
rules, the application task can be specified in advance,
In our purchasing example, the business rules for
buying hardware can easily be marked as mandatory
10 be regarded in any purchasing process. In {Abecker
el al., 1999b}, we describe in & bit more detail another
KnowMore application example—managing cus-
tomer contacts for DFKl—where we experiment
with two sample uses of context modeling:

1. When a company contacts DFKT for some new
project, the system can search for other ongeing or
past contact processes to the same company (for a
rescarch institule like ours it is not seldom that at
the same time there are several independent
contacts to different departments of a large
international trust like Siemens or
DaimlerChrysler)  establishing a link 1o the
respective colleague, giving access to related
documents and experiences, or ensuring a con-
sistent appearance [or this customer company. This
service utilizes the idea that process instances arc
themselves also content of the OM.

2. When coming back to an acfivity already entered
one or more times earlier in a potentially
cyclic process, there are cases where the informa-
tion retrieval should tuke into account the carlier
results or decisions. For instance it might be the
case that 1t is nol appropriate Lo present documents
which have already been seen, or to suggest
decisions which were already rejected. This
requires access to the dynamic context variables.
It might also be possible that thoughls or notes
written down in the cartier cnactment of the same
stage (performed by the same or some other

employee) should be presented which requires that
the system is aware of the detailed storage context
of these documents.

In KnowMore, we describe information conlext in
terms of static and dynamic business organization
which in turn is expressed in terms of the enterprise
ontelogy. Our enterprise ontology is based upon the
ADONIS meta model (Karagiannis et al., 1996) which
is quite close (o the common notions of the Workflow
Management Cealition {The Worldlow Management
Coalition1996).

The KnowMore knowledge description language.
The expressivencss of the representation formalism
for knowledge and information modeling as well as
the inferences possible over these models play a
central role Tor the overall system functionality. From
the examples above (especially the requirement of
detailed domain modeling) it is already clear that at
least the basic abstraction mechanisms are needed
which constitute a structurally object-oriented form-
alism:  classification  of  objects  into  classes,
generalization of classes (o superclasses, ageregation
to express part-of relationships, and attribute-value
assertions to specify certain class instances. We need
also inferenfial capahlities to take into account
retriecval background knowledge, for the cvaluation
of search heuristics, or to follow links in hypermedia
documents. Further, one would like to have both a
good system performance [or large knowledge bases
and ontologies. and a well-founded semantics based
on the reguirements of information modeling and
retrieval (cf. van Rijsbergen, [989).

Recently, some authors (cf. Welty, 1998;
Schmiedel and Volle, 1996) noticed that there 15 af
least no “elegant” way for easy ontology-based
knowledge description with standard KR formalisms
like deseription logics. The main problem is the
representation ol Index concepls (e.g., Malrox
Mystigue or graphics card) in Fig, 11, When we
described non-trivial domain models for indexing
purposes there appeared soon the conflicting goals
that: (1) On one hand, we would like (o represent index
topics as concepts {(i.e., classes of the hosting KR
formalism) in order to express taxonomic relations
and to have inheritance of attributes. (i1} On the other
hand, we wanted to have indices as individuals (1.e.,
instances of the hosting formalism) in order to use
them as attribute values for the content slot, and in
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order 1o have concrete attribute values and other
meaningful relationships  like, e.g.. clectric or
hydraulic connections  between rmodules in a
machine-model {in concrete applications  such
domain-specific relations can somelimes be used for
relevance propagation in the sume way the is-a
relation is used for, typically).

An underlying problem is the usually supposed
semantics of subclass-superclass relationships in KR
formalisms which is based on o set-oriented inter-
pretation of classes and subset-supersel relationships
between these interpretations. This semantics sccms
not to be felly appropriate for index terms which often
do not represent physical entitics directly, but merely
information about physical or abstract entilies.
Further, the conlext-specific relevance of knowledge
items cannot only be propagated or inherited via the
is-a relations between these underlying entities, but
also via other relations between them.

Our current KnowMore knowledge description
formalism is an object-oriented relational algebra
(OCRA) which offers busic knowledge structuring
and simple inferential capabilities (for more details
sce Abecker et al., 1998a). One aspect ol our future
work might be a more integrated treatment ol
concepts and individuals in order {o allow for better
index modeling. Up to now, we have only “simu-
lated™ the aspects necessary in our sample
applications. To this end, we represented index
concepts as instances which can be correlated via a
general type of links {the meaning of which is “‘has-
to~-do-with’") which can be further specialized to more
specific links (like “‘is-more-specific’”, or “‘is-clec-
trically-connected™ ). Relevance propagation along
links is done by special methods associated with each
link type.

5. Processing Information Needs

In this chapter we will show how several kinds of
represented knowledge interact in order to fulfill an
mformation need. Fig. 12 shows an overview of the
actions performed by an information agent to answer 4
query. Fig. 13 instantiates this scenario by a concrete
example. The chosen presentation particularly sepa-
rales out the several processing steps and sources of
background knowledge typically mixed together and
intertwined in human information gathering or

specialized performance support systems, The aim
of this component-based view is to suggest the way
towards a generic, widely usable, modular sofltware
architecture on the basis of integrated processing ol
formal and retrieving of informal knowledge.

As described in Sectiton 3, an info agent can
become active in a given application situation—if the
preconditions arc valid—and has uccess to the
especially created KIT wvariables (which kind of
product shall be purchased? what concrete product?
at which price? from which supplier?) as well as to the
global and local process context (overall business
task, activity performers and their respective roles,
time conditions, etc.).

First of all, the preconditions are checked. In the
KIT example of Fig. 8, we used only simple
conditions, e.g.. whether there already exists a value
for a given KI'T variable or whether such a value is in
a certain clags of the domain ontology, or not. A more
complicated precondition would be, e.g., 1o detect an
important purchase depending on the sum of the
expected prices, or on the type ol goods to be bought.
It our machinery is fully elaborated. we will also
altow preconditions which are evalualed using local
and global process parameters (e.g.. whether a given
purchase is considered te be important can also
depend on who initiated the purchase). As another
example take the delivery of pointers to knowledge-
able colleagues by querying a skill database/yellow-
page system. Since these colleagues may spend their
time for helping the actual user, such an information
service might only be appropriate if the actual user is
unexperienced. Finding out whether this is the case or
not could ke done by another info agent which, c.g.,
seeks for other similar purchases performed by the
same employee, or looks up when this cmployee
started working in the company.

Now, we go further into the details of the info
agent’s core functionality. Therefore, we have a look
at Fig. 13 which shows how an instantiated version of
the processing schema presented in Fig, 12 would be
handled by the appropriate info agent. Essentially, we
can identily three main processing steps:
Map  application  sitnation  onto  retrieval
concepts.  Since our systemn dircefly takes its query
input from the application program (i.c. the product
specification editor), it cannot he guaranteed that the
user/employee filling out a demand form exactly uses
the ontology concepts which arganize the knowledge
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archive. Thus, we have a thesaurus system linked
together with the domain ontology which ensures that
other synonymous or similar terms possibly used in
the application can be mapped to the appropriate
query concepts. Currently, the thesaurus information
mainly deals with multilingual use (German vs.
English), different writing (data base vs. database),
and different naming conventions (lerminological
logic vs. description logic vs. KL-ONE-like system).

Of course, such problems could simply be resolved
offering to the user a selector box which displays the
available ontelogy concepts, instead of free text felds.
However, intcgrating  thesaurus-like  structures—
which maintain sets of cvidences for each ontology
concept—provides interesting perspectives for further
developments. First, it is easier to use than navigating
in complex ontelogical structures; it s also possible
without any cooperation between application program
and assistant system because the information assistant
could analyze the documents created by the applica-
tion, or even watch the keyboard aclions wailing lor
triggers which activate an information need. Then, the
chosen approach works also in non-interactive
scenarios, for instance, if customer error reports
coming in per e-mail shall actomatically be assigned
to certain problem classes with their respective
answer documents.” In such a scenario, a browsing-
like approach would he inappropriate for another
reason, too: Customers and diagnosis experts often
think in dilferent conceplual structures and terms such
that also presenting an ontology-browser would not
necessarily be useful. For such problems of vocabu-
lary and ontology mapping, statistical technigues
from thesaurus generation, as well as machine-
learning methods from automatic text classification
[Junker and Hoch1998] can be employed in the future.

Perform  knowledge-based  query  expansion.
While the above first step is concerned with a
potential terminology mismatch between application
or user language and query vocabulary, the second
step deals with malching query concepts with index
concepts used in the repository. Here, the core
problem of information retrieval occurs: information
necds are often only vaguely specilied withoul clear
knowledge about what knowledge sources will really
be useful; document indexing is uncertain as well,
because documents are often “‘more or less™” relevant
for specific topics in a given situafion; moreover, it
will often be the case that no document in the archive

exactly matches the actual information need; in such a
case a human information searcher would try to
slightly reformulate the queries in order to (nd some
answers {o the “‘second best question”” nstead of ne
answer to the best one.

Enriching, substituting or reformuluting the query
concepts is done in the second step. As already
pointed cut in Section 4, we assume that general, as
well as task and domain specilic search hevristics are
needed which exploit the structures specitied in the
underlying entologies. Nowadays it is commonly
accepted that subconcept-superconcept relations of
index concepls deseribed in domain ontologies should
be utilized to support precise-content retrieval in
digital libraries (see e.g., Welty, 1996) and OM
systems (see e.g., O'Leary. 1998), or the Internet (see
e.g., McGuiness, 1998). However, beyond this very
general statement, most approaches use only very
simple search heuristics (like, “‘[f' there is no
document about x, then search for one about super-
concepl(x).”), or rely on manual browsing through
the ontology.

Though such general search heuristics may be
valuable, we see a cleur need for more powerful
heuristics expressions to be evaluated at runtime, e.g.,
taking mlo account actual situation parameters. For
instance, If you are scarching for business rules
concerning the purchase of a graphics card, all
business rules about purchase of any superconcept
(hardware, any good) are also applicable, but it makes
no sense to look for a business rule about purchasing u
Matrox Mystique. On the other hand, it you are
looking for a competent colleague, anvone how
bought any graphics card recently {(a Malrox
Mystigue as well as a Matrox Milennium) will have
some basic experiences about graphics cards and
purchases in general. On the other hand, if the
performer of the actual worklow activity is a
hardware specialist himself, it probably makes no
sensec to point him to another emplovee known to be
competent in hardware questions, except the expertise
of this colleague 1s more specilic and betfer suited Tor
the actual case.

Things get still more interesting when switching
[rom our purchasing example to some other applica-
lions. Consider, e.g.. the machine model of a complex
engineering artitact as the domain of discourse used
for indexing machine diagnosis experiences (see
Berardi et al., 1998¢c; Bernardi et al., 1998a for a
fielded application of this idea). Here, when searching
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for observations concerning a certain machine part, it
is often a goed idea to take into account observations
associated with another part of the same machine
module, since there are mechanical and functional
influences. From the query point of view, this means
to search not enly for the given concept, but also for
other subconcepts of its superconcept in the part-of
model of the machine, The analogy in our purchase
domain woukl be o search not only for technical
documentation about graphics cards, but also for
material abeut network cards, which is nonsense in
the general case. Another example are electrical or
hydraulic connections represented in  additional
models of the machine which are useful for query
expansion in some cases {(depending on what kind of
machine faiture is examined), but not in others.

These examples show that simple generic search
heuristics are not sullicient for complex scenarios. Tn
Liao et al., 1999 we discuss heuristics formulation
over domain ontologies as currently implemented in a
prototypical personal competence search tool for our
research group.

Retrieve information from various sources. The
last step concerns retrieval in the narrower sense, At
the moment, query concepts and query constraints
(i.e., restrictions formulated over metadata like
answer time, access costs, or information reliability)
are pul into a selection statement for the object-
centered relational algebra. Qur current retricval
machinery basically realizes some deductive database
functionality.

This retrieval functionality then delivers knowl-
edge descriptions ol possibly relevani sources. The
knowledge descriptions specify how 1o access the
content of these sources. In our demonstration
protolype we just assumie that all sources have a
URL which can be linked into the information
assistant’s result HTML page.

Again, we have an inferaction of retrieval and
lormal inference, since values for query constraints
can be formally derived, or delivered by embedded
info agents. For instance, it we have an urgent demand
(this can be determined with the help of the global
business process parameters) it makes no sense to list
pointers to colleagues not immediately available.
Whether some colleague can immediately be callad,
can in turn be determined (at lcast partially) by
checking the vacancy and the business trips databases.
During postprocessing, for sorting out some, or at

least for ordering the pointers to colleagues, the
cnterprise ontology can be taken into account. For
example. if might be wished that people working in
the same project are preferred o people only in the
same department or at the same site of the company. [t
might also be preferable not to present people which
are above the actual user in the organizational chart
(because asking them costs more money than finding
out the information by himsell).

6. Implementation

Fig. 14 pgives an overview of the client-server
architecture of our system prototype which is
implemented in JAVA, The KnowMore server holds
all relevant data, ie., the business process model
enriched by KIT variables and support specifications,
as well as the OM archive together with the respective
knowledge descriptions and the underlying ontolo-
gies. Business process models can be designed using
the ADONIS commercial BPM ool (the KnowMorc
specific extensions are modcled as comments n the
activity descriptions), and are later parsed into the
KnowMore representation  formalism OCRA, the
basic inferences of which are mapped onto conven-
tiona! relational database queries (the RDBMS is
coupled with JAVA via JDBC 1998). In particular,
classes arc mapped to relations, and objects to tuples,
while embedded objects are represented by their
object identifiers. This mapping onto a relational
DBMS provided us with innovative expressivencss at
the knowledge representation level while profiting
from the professional services of a state-of-the-art
industrial strength databasc system. In the experi-
ments already made with the system, the approach
was [ast cnough for our purposes.” Of course, for
future applications with huge amounts of documents
10 be managed and complex link structures hetween
objects, it might be appropriate to consider the
question of grounding the OCRA implementation on
an object-oriented database (QODBMS).

The KnowMore server both hosts the workflow
engine and the knowledge-based refrieval machinery.
Workflow enactment involves two parts: the server,
implemented as a JAVA  application, and client
worklist handlers, implemented as JAVA applets
which connect to the scrver via standard TCP/IP
sockets. The architccture and communicalion proto-



Comtext-Aware, Proactive Delivery of Task-Specific: Information 271

Business Process | _____ l:j
Definition Tool Adonis

WF Control
l generates Data

!

interpreted by

A\

sunits

Workflow
Engine

remployees

sroles

sbusiness
processes

WF Application
Data

1

provide Kiowledge
terminc- Suppliar
—_—— logy
Competences
Product Data ¢
Sheets
Test Reports inference
Ruias Engine
Server

i kes
| Worklist | _nvokes . Applications
Handler
A
1
1
I
I
]
1
1
1
1
1
1
I
i
< i
request infos |
1
orovide infos E
1
Excel
Netscape
Java Var. Editar
Clients

Fig. 14, The KnowMare sysiem is implemented as a Weh-enabled client-server architecture.

cols are designed as compliant as possible with the
Workflow Management Coalition standards (The
Workflow Management Coalition, [996). 5o, later
on, when the scenario is more stable and proved, we
will consider switching from our ‘“‘homemade™
KnowMore workfow engine to @ commercial one.
Besides these system core functionalitics lor
contexl-aware delivery of knowledge items during
workflow enactment, it should not be neglected that
our scenario requires manifold modeling activities
during process definition time. [ig. 15 gives an
overvicw of our comprehensive tool suite for
facilitating these modeling efforts. The tools are
described in a bil more detail in (Abecker et al.,
1999b). However, some of them are still in an
experimental stadiwm and will require further work.

7. Related & Some Future Work

7.1, Overall system approach

The idea of coupling a user observation or lask
management system with a sophisticated informalion
retricval tool for proactive and context-sensitive
information support is becoming more accepted in

the last few years. Budzik and Hammond, 2000
present an architecture for Information Management
Assistants (IMAs) which shall observe users inter-
acting with everyday applications and then anticipate
their information needs using a model ot the task al
hand. The idea of assessing the user’s work context
for starting active delivery and for enhancing
mformation retrieval quality i3 very close 1o owr
approach. The KnowMorc system can be seen as an
™A In the authors” sense. Unfortunately, the
ANTICIPATOR module of their systemn—which
shall anticipate the user’s futare information needs
on the basis of the actual work context and the stored
task model—is not discussed m depth in their
published work. It seems that the authors mainly
build upon rather shallow, static context models which
roughly determine the area of work in order to
dissolve linguistic ambiguitics in text retrieval.
Natural-language aspects play a more important role
in their work than worked-out task models as formal
ohiects of consideration. Their WATSON system
{Budzik and Hammond, 1999} observes interactions
with everyday applications like word processors and
web browsers, and tries to find out linguistic context
ol occupation. This appreach is focused on the
personal context rather than the dynamic task or
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workllow context. It would be interesting for the
future to have a multiagent information assistance
scenario with task agents—which capture the work-
[low context as proposed in KnowMore—cooperating
with personal agents that hold personal activity
context and user profile.

The main focus of our work is on modeling the
formal task and work(low context in the sense of just-
in-time knowledge delivery as suggested by (Cole et
al., [997): a user is always given cxactly that kind of
information he needs in a specific situation so that he
never needs to ask [or il. Systems aiming at this goal
by maintaining a deep understanding of the fask at
hand are called electronic performance  support
systemn. An excellent example is the EULE2 system
for knowledge-based assistance in insurance office
work (Reimer et al., 1998). This system boilds upon a
deep, formally represented knowledpe-buse about all

“ information
ontology

Ontology
Editor

YT

TRex — Similarity
Thesaurus Generator

relevant concepts to be known and dealt with when
working on the insurance office tasks considered.

An mteresting propesal for OM-based support [or
running  workflows, is presented by ({Staab and
Schouwrr, 1999). Their ideas are very close in spirit
1o the KnowMore approach. Compared to our systemn,
they explore in more depth the inlerential power of
ontology-based retrieval on top of the Ontobroker
software (Tensel et al., 1998) and introduce the notion
of context-based views for coupling workffow and
retrieval, which iy the analogue to our infermation
needs. They build on a conventional workflow para-
digm extending the well-known Petri Nets approach.

7.2, Information modeling: content and
represeniation
With respect to the content of information models (or,

knowledge  descriptions), the comprehensive  3-
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dimensional approach of KnowMore seems unique in
the literature. However, up fo now, we have jusl
modeled small metadata sets, which was sufficient for
our demonstration examples. In order to provide a
metadata sct suitable for real-world applications, one
necds to have a very close look inte the intended
application environment. We will do this in a new
project funded by the Furopean Commission (the
DECOR preject) which started in summer 2000.
Contributions for the design of such knowledge-
description ontologies come the areas of lessons
learned archives {sce van Heijst et al., 1996 who
distinguish form, content, and availability as the basic
knowledge modeling dimensions) and business
knowledge navigalion (sec Steier et al, 1993) who
identify form, quality, and resource constraints as
cricial retrieval factors besides the content). In the
arca of digital libraries the standardization of
metadata  sets  still  gains  considerable interest
(Dublin Core, 1997).

Regarding representation of information models,
domain modeling languages for conceptual indexing
usually provide some tuxonomic and, very seldom,
mercological notions (i.e.. is-a plus part-of relation-
ships). Technically, almost all systems rely on
description logics (DL). We are a bit skeptical about
the performance of DL-based systems in real-world
applications, although, e.g., the SHOE project builds
apon a high-performance DL system (Heflin et al,
1999). For information retrieval purposes Fihr, 1995,
showed that DL systems and deductive databases
provide comparable functionalifies. Our object-cen-
tered relational algebra is oricnted towards the latter
approach. The Ontobroker system employs F-Logic,
an object-centered  deductive  database  approach
which might also be a busis for our future work
(Fensel ct al., 1998). Concerning the represcntation
and interchange of ontologies and ontology-based
information models, the recent developments in epen
Internct standards cannot be ignored for all upcoming
projects (in particular cp. XMI (Object Management
Group (OMG), 1998) and RDF Schema (W3, 1999a;
W3C, 1999b}.

Regarding indexing complexity, nowadays most
systems just describe a document by one or more links
to concepts of the domain ontology. Few authors
proposed more detailed content models allowing, e.g.,
to express precoordination of concepts (vander Vet
and Mars, 1996), or composite topics {Schmicdel and
Volle, 19963, respectively {see Abecker et al., 1998a,

tor more details about differeat indexing approaches).
The notion of index topics and the expressiveness of
indexing scem to be promising arcas for usefut future
waork.

The same holds true for uncertainty handling
which is often not dealt with in the area of
ontology-based IR from the Internet. In KnowMore,
except for some basic considerations (Wirtz, 1997),
the topic was not yet in the center ol our interesl,
However, it seems a central guestion to us for pon-
trivial scenarios, since IR problems are fundamentally
characterized by usually vague user queries as well as
rough document-index mappings. In  traditional
information retricval, approaches for a well-founded
treatment of this topic are typically based on
probabilistic extensions of description logics or
deductive databases (Meghini and Straccia, 1996¢;
Réileke and Fuhr, 1996). Maybe promising ideas for
quantitatively dealing with uncertain and  fuzzy
aspects of retrieving information can come from the
area of casc-based reasoning (CBR) which 1s based
upon the notions of similarity and utility.

8. Conclusions

In this paper, we presented the KnowMore proetotype
which is designed as a knowledge delivery sysicm
cxploiting formal representations for automatically
finding and presenting context-specitic  informal
knowledge documents within a running workflow.
From the technical point of view, it faces the
lollowing challenges:

e Heterogeneiry of manifold possible, distributed
OM sources is handled by a uniform knowledge-
description level.

o Difficuli precise-content retrieval is realized by an
information retrieval approach on the basis of
ontologies and meladata, employing search heur-
1stics and background knowledge.

o Active support and context-exploitation  are
enabled by declarative modeling of information
needs coupled to cxtended workflow medels via
the KIT variables and the underlying domain
ontelogy.

Parts of the software and ideas developed in
KnowMore found already industrial applications or
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were tested in industrial case studies, in particular the
OCRA object-centered relational algebra formalism
and the retrieval machinery on top of it (see Bernard:
ct al, 1998b; Sintek et al., 2000; Apostolou et al.,
20005,

To realize the total KnowMore solution in a
company requires considerable modeling efforts, for
ontologies and knowledge descriptions as well as for
exlended business processes and information needs.
In Section 6. we briefly mentioned the actual (ool
support for some of these modeling tasks. However,
both tool and methodologicul support for these tasks
must be further developed, This shall be done in the
upcoming European DECOR project already men-
tioned above which aims atf the development of
pragmatic solutions for husiness-process oriented
knowledge management. The wea of ontology
acquisition and maintenance—taking into account
already existing knowledge sources, especially in
form of text documenls—requires more  basic
research, as well as thinking about new organizational
roles for knowledge management.
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Notes

[. Since we address only technical support for Knowledge
Management, we will use synonymously the terms OM and
OMIS, for orgamizations] memory and organizational memory
information system, thronghont this paper, But please keep in
mind that implementing KM and OM solutions in an
organizaiional application context must cover manifold non-
techntcal issues, such as, e.g., organizational aspecls of KM
processes.

In contrast, many recent annotation-otiented projects propose
o inserl semantic tags info Internel documents in order to
facilitate ontology-based retrieval (such as SHOE {(Luke ct al,,
19971 or Ontobroker (TFensel et al., 1998)).

-2

3. For the ease of notation, we will call these sometimes i the
following just ““documents’ adopting a generalized view of a
document as an arbilrary knowledge container.

4. This last scenario s motivated by an indusirial application
praject (DEKID GmbH, 1997} which initiated our work in
automatic thesaurus construction (see Abecker et al., 1998h).

5. The KnowMore OCRA iz heing used in the indusirial
application. system described  In Bernardi et al. 1998a;
Bermardr er al., 199%c,
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