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���3URMHFW�3ODQQLQJ�6FHQDULR

Let us here consider a common project planning scenario. The setting is given as follows: a project
manager in an IT-consulting firm has to compile a team - mostly from current employees of his
company. Thereby, he has to meet the following planning requirements:

��3DUWLFLSDQWV�PXVW�EH�DYDLODEOH�IRU�WKH�SURMHFW��

- participants should have particular technical knowledge that is needed for the project, and 

��they should have some knowledge about the client in this project or at least about a client with a 
similar industry background.

Currently, there are several approaches to handle this problem. First possibility, the team is compiled
from a set of people the manager knows by chance. This, however, means that the project starts with
handicaps that could be avoided with a more appropriate team: (i), effective techniques may not be
applied in the most efficient way - or they may not applied at all; (ii), the goal of the client is easily
misunderstood, because a deeper understanding of his background is missing, etc. Second
possibility, project listings circle in the company. This approach suffers from its incompletion, i.e.
many of the most appropriate persons may miss to read the listing, as well as from inacceptable time
lags between their initiation and their completion. Third possibility, all the information may be
maintained by a human resource department, e.g. in a central database that may be used to retrieve
the necessary informations. However, this approach requires significant overhead. Though project
documentations and human readable employee descriptions are already available in forms of
common documents, this information must also be kept up to date in the database.

For our scenario we have the following - realistic - assumptions: First assumption, the project
manager compiles a project plan that she uses to estimate the man power and expertise she needs for

the project, e.g. with a project planning software that supports the creation of network plans1,
common spreadsheet or text processing software. What is important at this point is that persons who
execute this task on a regular basis usually hold on to a particular tool and a particular way of
executing this task with this tool. For instance, it is quite common that a project manager creates a
template (or uses a template that is provided by her company) in order to execute and document the
planning task.

Second assumption, the information that she relies on is drawn from her personal knowledge, from
the knowledge of people she asks, and from the knowledge available in other project documents and
in the intranet. Naturally, the IT environment has no insight into the project manager’s mind and
communications between people may only be exploited when it happens electronically. However,

����1HWZRUN�SODQV�DUH�FRPPRQ�PHDQV�IRU�GHVFULELQJ�DQG�GHWHFWLQJ�GHSHQGHQFLHV�EHWZHHQ�ZRUN�WDVNV�DQG�DYDLODELOLW\�RI�
SHUVRQQHO�



the third type of knowledge that is available in the documents of the enterprise is the one that can
always be accessed electronically and, thus, its the one we want to exploit for our knowledge support
mechanisms. A common document describing a former project is depicted in Figure 1. Though the
example is completely fictitious - like the client company - the structure is quite realistic.

Let us now assume that a groupware platform exists that handles scheduling tasks, such as Lotus

NotesTM or Netscape ProfessionalTM. The knowledge that is necessary in order to fulfill the three
requirements mentioned at the beginning of this section can be found as follows:

��$YDLODELOLWLHV�PD\�EH�UHWULHYHG�IURP�WKH�VFKHGXOLQJ�GDWDEDVH��

��WHFKQLFDO�NQRZOHGJH�PD\�EH�IRXQG�RQ�HPSOR\HHV¶�ZHE�SDJHV

��LQGXVWU\�VSHFLILF�NQRZOHGJH�PD\�EH�LQIHUUHG�IURP�HPSOR\HHV¶�SDUWLFLSDWLRQV�LQ�SURMHFWV�DW�SURMHFW�
ZHE�SDJHV�

However, it is very tedious for the project manager to gather the information she needs from these
different sources. Indeed, it may even be difficult to find these different information sources at all.
The remainder of this paper will show how the knowledge for the project planning task can be

Figure 1: A fictitious example project page.



provided automatically, once the project planning task has been analysed and an appropriate
methodology and IT support has been introduced to the enterprise.

���2QWREURNHU�DV�,QWUDQHW�(QYLURQPHQW

Typical intranet environments comprise at least two technical services. First, they offer means to
store documents. In particular, current technology tends to make the boundary between file servers

and intra-/internet servers, on the one hand, and web pages and files, on the other hand, disappear.2

Hence, we may assume that all documents are available in the intranet. Second, intranet
environments offer technology for navigating the intranet environment and finding information.

While navigation is realized by common web clients, such as NetscapeTM, additional retrieval

facilities are given by gathering and search tools like VerityTM or Shoe [Heflin et al., 1998].

Our KM methodology builds on the framework given through the Ontobroker approach as described
in [Benjamins et al., 1998] and [Decker et al., 1999]. In order to provide a concise picture of our
approach we give an overview of the main modules and capabilities of Ontobroker, before we will
integrate these different building blocks into our KM support approach. The main components of
Ontobroker from a functional view point are the underlying ontology, the annotated document
sources and the inference and query engine. These are outlined in the following.

�����2QWRORJ\

The ontology is a specification of a shared conceptualization. As such it enables the communication
of concepts between different participants of a discourse - or between a knowledge provider and a
knowledge recipient. In our application the ontology provides the semantic basis on which we build
for inferences as well as for accessing the facts. It comprises three different types of assertions (cf.
Table 1).  
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First, a set of concepts that one talks about. Second, a set of attributes that link different concepts and
also associate concepts with properties. Third, a set of rules that define the semantics of concepts and
attributes. These rules are used to enforce a particular semantics, e.g. the symmetry of relations or
the inheritance of concept attributes from super to subconcepts.

�����$QQRWDWHG�'RFXPHQW�6RXUFHV�

Ontobroker uses the ontology as a conceptual basis for concepts and relations it can handle and
reason about. However, only the annotated document sources establish the linkage between abstract
concepts and real facts. Hence, it may be described in the ontology what a project is in general, but
the particular project ‘‘OntoIce’’ must be declared to be a project on the corresponding project page.

Ontobroker allows for three major types of declarations. First, HTMLA is an extension of HTML
that is compatible with all major HTML browsers. It allows for the formulation of knowledge facts.

An HTMLA-enhanced web page editor has been developed that supports the creation of annotated
documents. Second, RDF definitions provide a schema for meta-annotations that can also be
digested by the Ontobroker gathering engine. Third and most important here, XML allows for the
annotation of text with meta-tags. We consider that a particular set of XML-tags link text instances,
e.g. projectNames, to concept and attribute definitions in the corresponding ontology. For instance,
‘‘OntoIce’’ is defined as the name of a project (cf. Figure 1 and Table 2).

�����4XHU\�DQG�,QIHUHQFH�(QJLQH

A gatherer searches through the intranet documents, extracts all the facts stated in these document,
e.g. that a project named ‘‘OntoIce’’ exists and that it has the members ‘‘S. Decker’’, and stores
these facts in the knowledge base.

The query and inference engine then allows the retrieval of these facts from the knowledge base. In
addition, it allows to infer implicit knowledge, e.g., knowledge that cannot be found on a single web
page. Table 3 compares the types of queries that may be used with different information access
methods as well as the type of answers that may be derived from these queries. The assumption is
that the information given in Table 1 is available, but nowhere it is explicitly stated that Joe Doe has
working experience with a particular company.

7DEOH����7KH�;0/�SURMHFW�SDJH�

<project>
<projectName>OntoIce</projectname>
<projectGoal>Bringing Knowledge Management to 

<client type=„LifeInsurer“>Nordic Life</client>, Spitzbergen 
</projectGoal>

Nordic Life's problems ... 
...
The task of our team,                                                             

<member>S. Decker</member>, <member> H.P.-Schnurr </member>,                        
<member> S. Staab </member>, <leader> R. Studer </leader>, from the 
<university>University of Karlsruhe</university> was 

...
</project>



Then, the semantics of the table should to be understood as follows: Methods that are on the same
height or below of an example query can be process this query. As becomes evident, the Ontobroker
system allows for more powerful queries than either of the other three methods, while it remains
downward compatible. In addition, Ontobroker produces answers that are focused enough such that
they may be of immediate help in the knowledge management scenario sketched above - unlike the
keyword search techniques. The database approach already allows for semantic queries, but only

deductive databases might give you the same range of answers as ontobroker3. However, the
database approach would require that all the information were given in a rigidly schematized format
and this requirement can hardly be fulfilled in any realistic knowledge management setting.

���%XVLQHVV�'RFXPHQWV�DV�.QRZOHGJH�5HSRVLWRU\

Current business documents come in many different forms: letters, faxes, order forms, notifications,
receipts, memos, private home pages, project home pages, etc. Nevertheless, it is quite common that
these different forms are not chosen arbitrarily, but rather these forms are often standardized up to a
certain point, indeed they often come with a particular semantics, such as the short notes that allow
the reader to determine sender, reader, urgency, and further actions that need to be taken with a very
short glimpse (e.g. check boxes for ‘‘please answer’’). Similarly, letters are usually not allowed to
come in a completely free form, but they are usually composed with a particular corporate identity in
mind. This corporate identity defines fonts, but it goes even further and pervades the way a company
presents itself to the outside world.

With our approach we go even one step further, since we also link these documents with corporate
identity styles to the enterprise’s ontology (or ontologies). This leads us to annotated document
templates, the and, thus, make them available as explicit knowledge repository. Beforehand,
however, we want to introduce the technical platform that we rely on.

�����6*0/�;0/�'RFXPHQWV�DV�7HFKQLFDO�3ODWIRUP

SGML (Standard Generalized Markup Language, [ISO, 1986]) and a subset of it, XML (eXtensible
Markup Language, [W3C, 1998a]), are standardization efforts that aim at a general scheme for
exchanging documents. Given the widespread support among major computer software providers

that XML has found recently4, it is reasonable to assume that the structure of any business document
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will be accessible by way of XML annotation and query tools in the very near future. In our scenario,
this is also of particular interest, because SGML/XML gives us the power to reason about document
structures and contents as will be described further down in the paper.

�����$QQRWDWHG�'RFXPHQW�7HPSODWHV

Based on the considerations from the preceding sections, we have decided to build our approach on
annotated document templates. Annotated document templates outline the general structure of a
business document. For instance (cf. the left column of Table 4), a project plan may consist of text
sections that define the author of the plan, the project participants, a network plan table that describes
the dependencies betweeen participants, the single tasks, etc. 

The (XML) annotations describe the semantics (and, possibly, some layout) of the document
structures. When the user fills in parts of the document (cf. the right column of Table 4) in order to
complete his business task, then she connects the information she provides with corresponding
metainformation.

This approach is not only viable for completely new plans. One can also build on successful previous
plans that just need some restructuring in order to make them viable for the new tasks. Hence, reuse
is supported just like the completion of new plans - which is important in the project planning
scenario, since, previous experiences are often used to estimate costs for new projects. In spite of this
structuring, the templates leave a lot of leeway for user adaptations that may become necessary to
describe the plan any further, e.g. with text, tables or even figures.

In order to provide a thorough use of document templates in an enterprise, similar measures have to
be taken as for introducing a corporate identity, though at a greater, and therefore more laborious,
level of detail.

In the next section we will discuss how these document templates can be connected to the business
process analysis and the support function for the knowledge worker.
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���%XVLQHVV�3URFHVVHV

In this section, we consider some related work on business processes with a (comparatively) rigid
structure that we build upon. This work adopts a formal high-level Petri net point of view.
Particularly interesting for our approach is the use of document contents for controling the business
process in a special version of Petri nets, viz. so-called SGML nets.

�����5LJLGO\�6WUXFWXUHG�%XVLQHVV�3URFHVVHV�DQG�6*0/�QHWV

Petri nets are a well-known, well-founded formal notation to model the behavior of a dynamic
system. Due to the possibility of visualizing the dynamic aspects of business processes as well as
changing the level of abstraction, they constitute one of the major formal methods for modeling

business processes5 (cf. [van der Aalst, 1998], [Weitz, 1998]). The basic Petri net concept is
represented by a triple N = (P,T,F), where P is the set of places (passive elements) and T the set of
transitions (active elements). A place (represented by circles in Figure 2) may be interpreted as an
object store and a transition (rectangles in Figure 2) specifies a class of operations on its adjacent
places. The flow relation F is a set of directed arcs leading either from a place to a transition,
constituting an input arc, or vice versa, constituting an output arc.

A marking of a net N assigns a set of tokens to every place in N. It can be interpreted as a global
system state. When a transition occurs, tokens are removed from the places connected to this
transition via the input arcs, input places, and inserted into the places connected to this transition via
the output arcs, output places. Thus, for each transition pre- and postconditions can be formulated
and, hence, sequences, alternatives, concurrency and iteration can be modeled. 

An SGML net (cf. [Weitz, 1998]) comprises the basic concepts of Petri nets, but instead of just a
flow of atomic markers it also allows the modeling of a flow of SGML documents. In addition to
simple transition rules that delete markers from input places and insert them into the output places of
a transition, the transition rules perform operations on the SGML documents, such as checking off a
text passage or iterating over a list. These kind of transition rules are defined by way of match
operators that make use of the structure provided by SGML.

5.  Informal methods for workflow models include, e.g., data flow diagrams (cf. [Georgakopoulos et 
al., 1995] for a survey on methods and tools).

Figure 2: Workflow Defined by a Petri Net Model.
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Still, the way SGML nets are defined only captures the (comparatively) rigid parts of the workflow.
From the system’s point of view the less rigid parts are equivalent to transitions with non-
deterministic, since exogeneously triggered, operations. The selection of an appropriate transition
operation is delegated to the user. In order to support her decision making, we want to present
appropriate knowledge from the document repository of the enterprise. This purpose is realized by
context-based views that use pattern-matching on XML-structures.
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In our model, the state of the system is given by the combination of a state variable (corresponding to
places in the SGML net) and implicitly through the way SGML queries match certain semantic

predicates6. Depending on this state, the system may either initiate a new task (a transition in the
SGML net) or it may display context information, like the fax number of an addressee.

The kind of help that could be useful is defined by the state that the document is in and by the task
which is executed on it. Thereby, tasks and states are interrelated. The states determine whether a
task may be executed and the executed tasks (together with the intitial states) determine the state of
the document. It is common to annotate transitions with logic predicates that define when a transition
may be executed. In addition, we define logic predicates at transitions and at places that define
context-based views.
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This process and knowledge management integration will be implemented in F-Logic [Kifer et al.,
1995]. F-Logic rules describe what help to offer depending on the facts that are stated in the
document and the state that is currently reached by the document. By this way a flexible, declarative
mechanism is exploited that might be easier to maintain than hand-crafted imperative code. In
addition, we rely on a methodology already used for the inference engine and, thus, avoid an
abundance of technologies.

Figure 3: A knowledge worker’s daily IT-environment.

Figure 4: Integrating workflow and context-based views.
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For the future, we think of four major extensions: First, plan recognition techniques (e.g., Bayesian
Networks [Charniak & Goldman, 1993]) could try to determine the overall task that is currently
executed in order to help the user in completing this task. Second, planning techniques could
determine whether the current state in combination with the tasks executed so far still allows for a
viable prosecution of the business process [McAllester & Rosenblitt, 1991]. Finally, learning
techniques could observe persons at work and learn automatically how to help them (Comparably to
[Barnekow et al., 1999]).

���0HWKRGRORJ\

With our methodology we approach an integration of the knowledge management and business
process aspects described in the preceding sections. As is widespread practice, we distinguish the
phases of building and using the IT support environment (cf. Figure 5). Furthermore, we divide the
first phase - as is also common - into analysis and design.

During the knowledge management preparation phase (build), existing business structures, i.e.
processes and documents, are analysed. The results are used to design the knowledge management
support structures. During the execution phase these structures are given life and, by the way of
everyday work, the knowledge repository fills up. These three phases are now elaborated in this
section. 

�����3URFHVV�DQG�'RFXPHQW�$QDO\VLV

In this first step of the build phase, we focus the analysis on processes which should be supported by
the Knowledge Management system and on documents, playing a key role in the business process
and the knowledge process. Keeping in mind that weakly structured processes are in our scope, a
modeling approach such as applied in common workflow management systems is too rigid and
therefore not applicable to a knowledge management setting. Nevertheless, our assumption is, that
knowledge work, though often unstructured, still involves a large amount of subtasks parts of which
are stable over time. 

Figure 5: The methodological dimensions of our KM approach.
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Our approach employs a division of processes into tasks and subtasks. The context is analysed and
typical questions one might have at a particular point of work are compiled. Thus, one may find the
interdependencies between the subtasks and the document-part-based representation. The analysis of
these subtask and document structures is supported with the MIKE tool [Steinberg, 1999]. MIKE
(Model-based and Incremental Knowledge Engineering) [Angele et al., 1998] is an approach for
developing knowledge-based systems. MIKE integrates semiformal and formal specification
techniques together with prototyping into a coherent framework. All activities in the building
process of a knowledge-based system are embedded in a cyclic process model. For the semiformal
representation we use a hypermedia-like formalism which serves as a communication basis between
knowledge worker and knowledge engineer during knowledge acquisition. The semiformal
knowledge representation is also the basis for formalization, resulting in a formal and executable
model, specified in the Knowledge Acquisition and Representation Language (KARL; cf. [Angele et
al., 1998]). Since KARL is executable, the model of expertise can be developed and validated by
prototyping. A smooth transition from a semiformal to a formal specification and further on to
design is achieved because all the description techniques rely on the same conceptual model to
describe the functional and non-functional aspects of the system.

�����.0�6XSSRUW�'HVLJQ

In the second step of the build phase, we design the Knowledge Management support system. This
support system contains a domain ontology describing the content of the documents, a context-
model with an overview of context-based views and samples of annotated templates (cf. the basic
dimensions of ontological modeling: enterprise, information and domain ontology in [Abecker et al.,
1998]. These knowledge descriptions are generated according to the task and document structures in
the process analysis phase. The transition of the formal specification defined with the MIKE tool in
the first step of the build phase into annotated templates, context-based views and domain ontologies
in the second build phase is supported with ProtegeJava [Eriksson et al., 1995] and OntoTemplate.
ProtegeJava is a suite of tools to model a domain. It contains a graphical editor to model ontologies.
The formal specification, viz. the process and the document structures, acquired with the MIKE tool
in the process analysis phase, constitutes the input to ProtegeJava. By this way one may smoothly
integrate existing ontologies with the new domain model or integrate the new domain model into
upper ontologies. For the future we want to extend ProtegeJava such that the creation of rule
descriptions and rule hierarchies is also supported. In a final step, we want to add facilities for the
definition of work views. 

�����([HFXWLRQ�3KDVH

As already indicated people use annotated templates that are then filled during the course of regular
work. The user may add further annotations if she wants to, but is not obliged to do so. The
environment is embedded in common standard software that may become even more accessible for
the programmer of such environments, since XML has gained widespread popularity among major
suppliers of standard office software. The knowledge management environment we provide is
geared towards natural and convient use by the knowledge worker. In particular, this environment
realizes one of the major ideas of knowledge management, viz. that an IT tool may only act as a
facilitator for sharing, creating or retrieving knowledge, but never as a key player in creating,
evaluating or contributing knowledge. Hence, the use of our support environment should never be
made obligatory. Rather, the intention is the provision of active help for the user by push
technologies - without annoying the user. 
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The IT architecture of our approach is summarized in Figure 67. On the right hand side

one finds the On2broker parts8 that form the backbone of our knowledge management
system. We here only describe the coarse modules, detailed descriptions may be found in
[Fensel et al., 1999] and [Decker et al., 1999].
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The extension we show in this paper is depicted mainly on the left side of Figure 6:
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Our whole approach is based on an ontology as its underlying skeleton. The ontology
establishes a common vocabulary and enforces semantic relationships between concepts
and, thus, provides the means for communication between the different modules.

����1RWH�WKDW�GLUHFW�LQWHUDFWLRQ�EHWZHHQ�ZRUN�GRFXPHQW�DQG�GDWDEDVH�DV�GHSLFWHG�LQ�)LJXUH���PD\�KDSSHQ��
H�J��LI�WKH�ZRUN�GRFXPHQW�LV�D�GDWDEDVH��EXW�WKLV�ZLOO�QRW�KDSSHQ�YHU\�RIWHQ�

����2Q�EURNHU�LV�DQ�LPSURYHG�YHUVLRQ�RI�2QWREURNHU��FI��>)HQVHO�HW�DO�������@��

����7KLV�DXWRPDWLRQ�PD\�HYHQ�LQFOXGH�FRPPRQ�ZRUNIORZ�PHFKDQLVPV�



Figure 6: The principal IT architecture.
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Our starting point has been a common intranet environment, in which all documents are
put such that they are widely available for reuse and general information. The requires a
rather open minded environment, but this policy of open doors is not too seldom
nowadays [Sellens & Wilson, 1998].

The next step has been an integration of distributed factual knowledge with an ontology
as its conceptual backbone. Thereby, we relied on the system ontobroker, but similar
systems like, e.g., Shoe [Heflin et al., 1998] could be used in a very similar manner.
Indeed, [Benjamins et al., 1998] already outlined how Ontobroker could be used for
knowledge management, however in their approach the user had to bear all the burden of
doing the right things at the right time, while our approach goes in the direction of telling
the user what might be useful for him in his very next task.

A central point in our approach is reasoning about document structure and contents. Here
we take over W. Weitz’s view of SGML documents in a workflow process [Weitz, 1998],
but extended his approach to include the knowledge management side and the weakly
structured parts of processes. Our considerations also fit well with ones by [Abecker et
al., 1998] about the nature of processes and documents in the processes. However, with
our approach we breathed life into these formerly rather abstract notions.

Nearest to our integration of workflow and knowledge management aspects are works by
[Huber, 1998], [Reimer et al., 1998], and [Wargitsch, 1998]. [Huber, 1998] builds on a
Lotus Notes intranet environment that lets the user define a simple ontology and small
workflows. However, his approach is less principled and does not lend itself easily for
modeling and process planing goals. In particular, he cannot query facts, not to speak of
implicit knowledge, but only documents.

[Wargitsch, 1998] describes an approach that puts elements of a process management
system into an organizational memory. However, his purpose lies not so much in
supporting the knowledge worker in his processes, but rather in supporting the process
manager in adapting and optimizing the workflow. Hence, his knowledge management
goal has a very particular scope. Ultimately, one should be able to integrate his approach
and ours in order to provide adaptation possibilities based on workflow structures and
based on underlying background knowledge.

[Reimer et al., 1998] supports the user with particular tasks. For this purpose, they use
rather rigid process structures that are build from declarative business rules. We, in
contrast, leave all the decision with the user and try to provide him with information that
might facilitate his problem solving.

Based on the same principle idea, viz. the use of document oriented work, a comparable
tool, which is however less sophisticated in terms of generality and outreach to the
intranet, has successfully been used for re-engineering specifications at SD&M (the



corresponding methodology for document-based software engineering is described in
[Denert, 1991]).

Our approach builds heavily on considerations by [Abecker et al., 1998] who establish a
common grounding for documents, organization and knowledge (reflected by their
information, enterprise and domain ontologies, respectively), but they do not go as far in
drawing inferences and using this knowledge for a push technology and a tight
integration of workflow and knowledge management, such as we do.

���&RQFOXVLRQ

We presented an approach towards supporting the knowledge workers in an enterprise
that is based on the tigth interconnection of documents, knowledge, organization and
processes. In order to make the system practicable, we circumvent the knowledge
annotation bottleneck by providing templates that are filled anyway in the course of the
work process. In order to succeed, however, we plan to support the user in his own setting

(i.e., framemakerTM, lotus notesTM, wordTM, etc) and though this will take some pain to
achieve it will be a must for successful KM technology.

Our approach still shows several loose ends that need to be tied up by further research:
First, we will have to take care of mappings between multiple ontologies or mappings
between XML structures (DTDs, document type definitions) and ontologies, because
different departments in an organization will not be willing to commit themselves to a
standard vocabulary. This problem worsens with a tightly knit value chain that includes
several companies or with virtual enterprises.

Second, we did not consider the boundary between the single workspace and the overall
business process. There one has to find a way to provide flexibility beyond the single
knowledge worker. Sharing complete documents is certainly a first step, but not the last.
We imagine a technology that gives BP and KM managers full control over the rigidity of
the work process. A sliding scale should allow the choice between common workflow
techniques, models such as presented in [Reimer et al., 1998] and - at the other end of the
spectrum - our approach. On this scale, this we think is a trueism, the process should be
made as flexible as possible and as rigid as necessary.

Third, we envision a solution for the security problem that arises when all documents are
accessible a priori. This may be solved by distributing the inference engine. Different
inference servers allow for different types of access. Data that are private may not be used
for inferences otherwise privacy is not secured. 

Finally, we still must elaborate on the formal basis of the integration of workflow aspects
with knowledge management tasks. The non-deterministic operations we model in
SGML-nets still lack any formal grounding.



Nevertheless, our approach provides a new, we believe promising, way towards an
integration of knowledge and business processes. A research prototype is currently under
development and scheduled for the end of July. We hope we can give a live presentation
at the IJCAI workshop.
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