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Abstract

Explicit modeling of business processes and their enact-
ment in workflow systems have proved to be valuable in
increasing the efficiency of work in organizations. We
argue that enacted business processes - that is: work-
flow management systems (WfMS) - form a solid ba-
sis for adequate information support in complex and
knowledge-intensive business processes.
To support this claim we demonstrate results from
two different projects: The VirtualOffice approach
employs workflow context information to support the
high-precision document analysis and understanding in
standard office settings; the combination of workflow
context and document analysis techniques allow for
the automatic handling of incoming paper mail with
respect to the appropriate workflows. The KnowMore
approach focuses on the support of people who work
on knowledge-intensive tasks by automatic delivery of
relevant and goal-specific information; the context of
the workflow, an extended process model, and a detai-
led modeling of information sources are combined to
this end. Both approaches show ways to proceed from
workflow systems towards active knowledge manage-
ment.

Introduction
Workflow Management is a widespread technology for
automating structured business processes. Today it
is mainly used to coordinate complex processes where
many activities must be scheduled and dispatched
among many possible agents. Further support comes
from an integrated handling of application programs
used in the process chain and a streamlined passing of
application data and electronic documents flowing bet-
ween different process steps.

As today’s complex business processes rely on inten-
sive information exchange with the company’s environ-
ment, they are document-driven by nature: Employ-
ees deal with and react to information and knowledge
transferred by and embedded in all kinds of documents,
including forms, letters, books, manuals, records, either
electronic or paper-based. Which knowledge and in-
formation needs to be applied to perform the activities
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in a given process step typically are not represented
in the WfMS. Nevertheless, the material is accessible
somwhere in the company’s information space, enab-
ling the employees to do their jobs. Consequently, one
would like the WfMS to automatically offer access to
relevant knowledge sources, or to even directly ’pump’
information items extracted from incoming documents
to the appropriate places in the data models of the
actual workflow instance. This vision requires an ex-
tensive exchange of information items and suitable se-
mantic annotations between workflow, application, and
information space. To realize this, the WfMS should
possess interfaces for exchanging knowledge items with
the surrounding support environment, able to bridge
between different conceptualizations and data models.

Unfortunately, such considerations are not subject of
current WfMS approaches ((Georgakopoulos, Hornick,
& Sheth 1995), (Alonso et al. 1997)). Contemporary
systems exhibit only a very thin interface for data ex-
change with other office applications such as text pro-
cessing applications or corporate data bases.

In order to overcome this limitation, this paper will
present two different solutions which describe how a
true knowledge transfer between business processes and
their surrounding information space can be established.
Both approaches focus on process-embedded informa-
tion delivery from documents and fit into a common
description frame which is sketched in Figure 1.

The WfMS represents running business processes by
workflow instances and executes them by means of a
workflow engine. The second system is the mediator
system which we call inIormation provider.

The information provider gets an information re-
quest and some additional context information from the
WfMS. It accesses the documents by some kind of do-
cument index. This index may consist of an inverted
index file as required for information retrieval tasks,
but it might be any more sophisticated document mo-
del as well. The retrieved information is handed over
to the WfMS. So the interface between the two systems
comprises three different kinds of information.

Central to all our considerations is the notion of con-
text. Since the context required highly depends on
the actual information request, the common description

53

From: AAAI Technical Report SS-00-03. Compilation copyright © 2000, AAAI (www.aaai.org). All rights reserved. 



workflow management information documents.stem prov,der
workflow in~ I

information

wo o g’

context

~[~

Figure 1: Information Support for Workflows: A Common Description Frame

frame does not answer the questions where necessary
context comes from and what it consists of. We argue
that context delivery may require different system ar-
chitectures. This statement will be clarified by intro-
ducing two different solutions instantiating the general
description frame: The VirtuatOmce project (see also
(Wenzel 1998)) integrates paper-based information into
any kind of workflow activity, while the KnowMore pro-
ject (see also (Abecker et at. 1998)) aims at supporting
so-called knowledge-intensive tasks by pro-active docu-
ment delivery. After a review of some related work in
we summarize with some general insights on possible
solutions for the questions how semantically enriched
interfaces can be established and how context informa-
tion can be dealt with practically.

The VirtualOfiice Scenario:
Information Support by Paper

Documents
Although the paperless office has been a buzzword for
many years now, it still has not come into reach. On the
contrary, the enactment of business processes by admi-
nistrative workflows has even complicated the integra-
tion of paper documents since such workflows require
electronic representations of all documents involved.

Such workflows are characterized by heterogenous do-
cuments which belong to one common process and ar-
rive in a chronological order. A typical example is an
insurance process with initial applications for contracts,
changes in the policies, annual invoices, and damage
claims. Another example are business trips where the
traveller has to fill out an application, the application
must be confirmed, some invoices, e.g., for plane tickets,
have to be payed in advance and, finally, several re-
ceipts must be accounted for. Certainly, there are a lot
of similar examples but within this paper we will use a
purchasing process within a company as a basis for our
examples.

The VirtualOt~ce project tackles the above-
mentioned problem of integrating paper-based infor-
mation into workflows. In order to achieve a solution,
a system for document analysis and understanding
(DAU) is used as workflow application which even

benefits from this integration: As stated in (Baumann
et al. 1997a) context information from business
processes improves the analysis of business letters and
is therefore a crucial point of our research.

In order to get an impression how document analy-
sis and understanding works, figure 2 reveals typical
analysis steps and results. Usually, DAU systems are
divided into two parts: The analysis front-end of the
system works as provider of uniform information about
the characters appearing in a scanned document along
with additional logical attributes. This information is
interpreted by the system’s document understanding
components which form the back-end.

The analysis of a scanned document starts with low-
level image preprocessing such as skew angle adjust-
ment and upside-down detection. Afterwards, segmen-
tation divides the document into geometrically connec-
ted components and identifies segments of characters,
words, lines, and blocks. Then, text recognition ex-
plores the captured text segments, generates charac-
ter hypotheses, and merges them into word hypothe-
ses. Structure classification takes this given geometric
structure to hypothesize the so-called logical objects of
a document, e.g. title, author, chapter, etc.

Within document understanding, the generated word
hypotheses are validated by dictionary look-up in the
text-based preprocessing step. Now, the content-based
part of analysis is invoked. First, the message type of a
document has to be derived (e.g. confirmation of order
by supplier xyz). This information is used to start 
more in-depth analysis for the extraction of reference
data, products, the date of the letter and so on. For
more information on DAU, please refer to (Baumann et
al. 1997b).

The basic scenario of our integration of DAU into
WFMSs fits well into the general architecture presen-
ted in Figure 1: The DAU system represents an infor-
mation provider and a company’s mail box represents
the collection of documents involved. The task which
is requested by a workflow instance represents an in-
formation need of this particular instance. In order to
support DAU in answering this request, the workflow
instance transfers context information to the DAU sy-
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Figure 2: Document Analysis and Understanding: Steps and Results.

stem. Having finished the task, the DAU system hands
over tile data requested and consequently satisfies the
information need of the workflow instance.

Within VirtualO~lice, two different kinds of tasks are
distinguished: The process identification task is stated
whenever workflows inform DAU that they are waiting
for particular documents. In this case, DAU analyses
incoming documents in order to determine the correct
workflow instance to which the document has to be assi-
gned. This scenario is discussed in the following section
and shown in Figure 3. The second task which we call
information extraction is stated when workflows request
information contained in particular documents. Then,
DAU analyses the document in order to deliver the in-
formation requested. This scenario is subject to section
2.2 and displayed in Figure 4.

Solving the Task of Process Identification

Process identification, i.e., assigning an incoming docu-
ment to the corresponding workflow instance, is basi-
cally a match of information contained in documents
with the corresponding data available in workflow in-
stances. To achieve this, the relevant data in workflow
instances have to be collected for two different reasons:

First of all, they build one kind of input for the in-
stance match. Imagine there are a lot of open instances
and a new document has to be assigned to them. In
this case, the more data we have about the instances
and the expected document (e.g, document type, sen-
der, products mentioned and even possible references
to other events within the same instance) the more ac-
curate the match can be accomplished. On the other
hand, these same data specify the analysis task for DAU
since they define which items DAU has to search for.

The resulting scenario is an instantiation of our gene-
ral scenario and shown in Figure 3. In this scenario, se-
veral activities within different workflow instances state

the current context of these instances whenever new
context is available. All these workflow context data
are transferred to the context pool, a database availa-
ble outside the WfMS.

There, the context is stored until an event occurs
in a workflow instance which implies a response by a
document (shown by hatched oval activities), i.e., the
workflow has an information need which will be satis-
fied by an incoming document related to the event or
workflow. This information need is stated by handing
over the request of "process identification" to the DAU
system and by formulating its context by means of a
so-called expectation. It describes content and meaning
of the expected document, additional information need
such as a list of data which has to be extracted, and
some administrative data in order to identify the work-
flow after a process determination was successful. In
order to allow the DAU to interpret the expectation, it
is connected to the DAU’s document ontology which de-
scribes structure and content of the documents of the
domain under consideration. Such an expectation is
generated by using the context pool as input for a rule
interpreter. The rule interpreter uses transformation
rules which relate the context information of the con-
text pool to possible contents of an expected document.

Thus, these rules transform the data scheme used in
the context pool into the DAU domain ontology. For
instance, a rule states that the receiver of the (already
known) order is the sender of the expected correspon-
ding invoice.

After generation, the expectation is stored at the in-
formation provider’s (namely the DAU system’s) side
in a so-called expectation set. Since the expectation set
stores all expectations of all processes, it contains the
whole workflow context relevant from the DAU point
of view. Access to the expectation set is triggered by
any incoming document for which DAU has to perform
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Figure 3: Information Support by Process Identification for Paper Documents.

a process identifcation. Note that the identification
of the corresponding process takes all expectations of
all workflow instances into account. Consequently, this
task can be seen as inherent to the business letter do-
main. The result of the process identification task is
a unique process identifier and, of course, the name of
the document which is assigned to the process. The ex-
pectation of the correponding instance is deleted after
the process identification has been verified within the
instance.

This ends the process identification scenario. Data
kept within the context pool are deleted when the cor-
responding process instance has come to an end.

Solving the Task of Information Extraction

Information support by incoming paper documents is
not complete by only handing over the document to
the corresponding workflow instance. Instead, the re-
levant information contained in the document should
be transferred into an electronic representation. This
is formulated by a second task called information ex-
traction. The time for stating such an information ex-
traction task is not restricted to process identification
only. On the contrary, a workflow can also state a sepa-
rate information extraction task after a document has
already been assigned.

Figure 4 provides a conceptual view on the informa-
tion extraction scenario: In this context, only one work-
flow instance is of further interest. Within this instance,
the context pool is still updated after a process identi-
fication request whenever new context is available. If
an activity states an information extraction request, a
new expectation is generated as described above. The
request now includes a list of identifiers according to
the business letter ontology which have to be extracted
from the attached business letter. In contrast to our
process identification scenario, the DAU now has not
only the raw paper image at its disposal but it can also
access previous analysis results for this document image
such as OCR and process identification results. This is

accomplished by using an adminstrative document in-
dex.

Implementation Issues

One requirement of the VirtualOl~ce project was to use
commercial WfMSs. Therefore, we have to face some
conceptual restrictions, e.g., it is impossible to extend
the workflow model in order to provide the necessary
context information. Thus, our solution uses the inter-
faces as provided by WfMSs and adds the concept of
workflow context data. This allows us to incorporate
any WfMS which is based on the WfMC standard for
Interfaces 2/3 (Workflow Management Coalition 1998):

In order to extend a conventional workflow to be able
to get an automatic information support from paper
documents, the following working steps have to be ac-
complished: At the workflow side, the collection of con-
text has to be modeled at build time of the workflow
by including some actions which retrieve workflow con-
text data and store them in the context pool. Further-
more, the workflow has to be extended with activities
which state expectations and handle documents after
their assignment. At the information provider’s side,
the ontology for the specification of DAU tasks and the
domain ontology for documents have to be made acces-
sible. Furthermore, DAU techniques need an interface
to use information stored in the expectation set. Bet-
ween the two systems, a set of transformation rules has
to be specified.

The KnowMore Scenario:
Active Information Support by

Workflow Integration
The Virtua1Ot~ce scenario emphasized the use of
workflow-context information for improved document
analysis and information extraction. Our second
scenario has a different focus: The KnowMore ap-
proach targets on supporting a person working on some
knowledge-intensive task by actively, i.e., without an
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Figure 4: Information Support by Information Extraction frvm Paper Documents.

explicit, detailed request by the employee, delivering
context-sensitive and relevant information.

The KnowMore Scenario in an Example

To illustrate this approach we consider a snippet from a
rather simple process: managing a contact to a poten-
tial customer at our research institute. After the initial
contact (e.g., a telephone call), the relevant topics of in-
terest are identified (for instance, specific technologies
or tools potentially useful for the customer, or former
projects dealing with similar issues as the customer’s
problems) and appropriate information material is se-
lected (for example, a technology whitepaper, a bro-
chure about a specific tool, or a project flyer). Having
done this, a nice information package can be sent to the
potential customer, whose reaction will then determine
the further steps (e.g., arranging a meeting, or termi-
nating the process due to lack of interest). Most of
these activities can be considered knowledge-intensive.
It is easy to imagine useful support for these activities:
When selecting the information material to be sent ac-
tive suggestions from the system would be helpful, sup-
posed that the system takes into account the informa-
tion from the activities done so far, e.g., the selected
topics. An automatic, context-aware archiving of the
results is useful when a similar process is started at a
different time and / or location: The initial contact will
then profit from information about earlier contacts to
the same company or about similar cases.

Figure 5 shows a screenshot of our experimental sy-
stem prototype. On the left, in the background, we
see an editor window of the workflow application used
to indicate relevant information material. To do this
it is necessary to fill the text fields in the input mask.
The KnowMore system provides support in the follo-
wing way:

When the workflow engine starts this activity, the
system takes the information needs associated to the
activity and finds out whether some element of the OM
is relevant to this task (i.e., whether there is some ma-

terial which is relevant wrt. the topics identified). This
suggested decision value is inserted in the user input
mask offering a proposed solution (in the example, the
suggestion comprises documents about the DFKI, a pa-
per about corporate memories, and some material on
the ESB system which is an example of an organiza-
tional memory). The suggested information elements
are ordered according to their relevance computed by
the retrieval function as well as to a predefined order
based upon their information type. The information
elements are then offered to the user as hyperlinks in
the KnowMore information browser (we use standard
web browsers with Java applets for the user interface).

The user is free to accept or dismiss the suggestions or
to select different material according to personal know-
ledge. Whatever the choice, the system keeps track
of the solutions and the workflow, and records the re-
sults automatically together with the relevant context
information. If, sometime later, further material is to
be selected, the system remembers the results of the
earlier steps and modifies the suggestions accordingly.
Thus the system actively offers supply to the user by
providing context-specific relevant information.

Solving the Task of Active and
Context-Aware Information Supply

In order to provide the services described, the Know-
More approach combines an extended workflow model
with sophisticated information agents. As illustrated in
Figure 6, the workflow actively asks to retrieve relevant
documents. To this end, specific modeling activities are
needed at process definition time, which facilitate the
adequate enactment at runtime.

Process Definition Time

Model business processes. Model the overall busi-
ness process with a conventional BPM or workflow tool.

Extended modeling of knowledge-intensive
tasks. The knowledge-intensive tasks (KIT) among the
activities of a particular process require special atten-
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Figure 5: Active Support by Suggesting Relevant Information Material.

tion. In order to facilitate the intended active infor-
mation support, the KIT representation -- illustrated
in Figure 6 as a hatched square -- extends the con-
ventional description of a workflow activity by a sup-
port specification describing the respective information
needs as generic queries or query schemes, together with
the information agent responsible for their processing.
At runtime, the agent’s processing of the instantiated
queries will deliver relevant information which help to
execute the activity in question.

Attach extended information flow. In order to
instantiate the query schemata at runtime, thus exploi-
ting situation-specific knowledge and context parame-
ters, the retrieval process must have access to the work-
flow parameters. These parameters are represented in
variables which are handled by the workflow environ-
ment. As they go typically beyond what is modeled
in a conventional workflow specification we talk about
KIT variables, although there is no conceptual diffe-
rence between them and conventional workflow varia-
bles. They simply describe the information flow bet-
ween tasks in the workflow, and are the communica-
tion channel between workflow and information retrie-
val agents. In Figure 6, hatched triangles indicate ad-
dional KIT variables.

To enable the necessary reasoning for intelligent re-
trieval, the KIT variables must be embedded into a do-
main ontology (essentially, this means that their values
must be of a type defined as an ontology concept).

In summary, the KIT variables partially model the
data flow in the process and represent the relevant con-
text of the knowledge-intensive activities at runtime.

Model information sources. The information
which is actively offered to support particular tasks is
taken from a variety of knowledge sources available in

an organizational memory. These sources are of dif-
ferent nature, resulting in different structures, access
methods, and contents. To enable the precise-content
retrieval from the heterogeneous sources, a powerful re-
presentation scheme for uniform knowledge description
is needed. To this end, structure and metadata, infor-
mation content and information context are modeled
on the basis of formal ontologies. The document in-
dex in Figure 6 is thus realized as a set of descripti-
ons modeling the information sources and facilitating
an ontology-based access and retrieval.

Process Enactment Time

Enact knowledge service processes¯ Whenever a
knowledge-intensive activity is reached during workflow
enactment, the workflow engine not only starts this ac-
tivity, but in addition initiates an appropriate informa-
tion agent (which is specified in the KIT description).

The information agent performs the actual retrieval
of relevant information from the information sources.
It relies on domain knowledge - available in a domain
ontology - to realize an extended, ontology-based infor-
mation retrieval, and utilizes the context information
from the ongoing workflow -- found in the instantiated
KIT variables -- in order to determine relevant infor-
mation. Traversing the formal ontologies according to
specified search heuristics (Liao et al. 1999), the in-
formation agent is able to extend and refine the given
queries and to reason about the relevance of available
information items.

Realize context-aware information storage.
Whenever a workflow activity results in the creation of
an information item worth preserving, an appropriate
information agent takes into account the current con-
text of the process -- available via KIT variables and
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access to the workflow control data. Thus the informa-
tion is automatically linked to its creation context and
can be retrieved accordingly, should the need arise.

Implementation Issues

The concepts described have been implemented ta-
king into account the standard architecture of a WfMS
as promoted by the workflow management coalition
(Workflow Management Coalition 1999)" The KIT de-
scriptions are represented by sets of workflow variables
and thus handled by the workflow engine. The work-
list handler is responsible for invoking both the relevant
activities and the appropriate information agents spe-
cified in the KIT descriptions. In spite of the fact that
the KnowMore prototype uses a self-developed work-
flow engine, this approach is expected to be compatible
with a vast amount of existing and commercially availa-
ble workflow implementations.

Related Work

Document analysis and understanding has reached a
point where the resulting systems are successfully put
on the market. But these DAU systems are mostly stan-
dalone applications with only one task, e.g., extracting
all data from a form. Furthermore, the context used
is static, e.g., given by predefined keywords. Up to
now, the use of dynamic context as provided by busi-
ness processes is still a unique feature of the Virtua-
10t~ce project (Wenzel 1998). Although commercial
solutions provide an integration of document analysis
and imaging into WfMSs (e.g., FormsRec AIDA solu-
tion from ICR1), they only offer an isolated analysis of
documents, i.e., they do not consider any open work-
flow instances waiting for a particular document. For
example, the COI IntelliDoc solution 2 classifies docu-
ments according to a set of predefined keywords. Af-
terwards, the documents are routed to corresponding
WfMS worklists to which the keywords are assigned.

lhttp://w~.icr.de
2http://v~.coi.de

Concerning Organizational Memory based support
for running workflows, there are two interesting rela-
ted projects. (Staab & Schnurr 1999) present a pro-
ject conducted at the University of Karlsruhe which is
very close in spirit to the KnowMore approach. Com-
pared to our system, they explore in more depth the
inferential power of ontology-based retrieval on top of
the Ontobroker software (Fensel et al. 1998). They in-
troduce the notion of context-based views for coupling
workflow and retrieval which is the analogue to our in-
formation needs. The approach presented seems to be
more developed in some respect than ours, for instance
concerning XML-based document representations, or
a deeper conceptual integration of workflow and ser-
vice process. However, they make strong assumptions
about the underlying ontologically annotated Intranet
information sources, and it seems not completely clear
how far their implementation is already. Another very
interesting approach is the one by (Kaathoven et al.
1999) who describe the mechanism of knowledge flow
chunks for synchronizing a conventional WfMS schedu-
ling activities with a concurrently running OM-based
task support system assisting in enacting specific acti-
vities. Their general considerations about conventional
WfMS machinery and external knowledge services com-
plement our interfacing ideas. But, they also seem to
be still at the conceptual level of their work.

Conclusion
We demonstrated that the combination of business pro-
cesses and their enactment in WfMSs with the infor-
mation space of an organizational memory can lead to
effective user support. Two different approaches have
been presented to illustrate this claim:

The VirtualOt~ce project basically aims at impro-
ving the company’s information logistics by a smoother
transfer of information contained in paper documents
into the electronic workfiows. Thus its service can be
applied virtually throughout the whole process and in
each process which has interfaces to the external envi-
ronment of the company where media breaks occur. It
supports the business process object level where paper
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documents are an integral element.
The KnowMore project is not so much focused on the

object level optimization of whole, and arbitrary work-
flows. Instead, it concentrates on knowledge-intensive
core processes of a business, and knowledge-intensive
tasks at the heart of those processes. Not the proces-
ses themselves are improved, but a meta-level is added,
an additional knowledge-service process which helps the
user working on her tasks.

Both examples emphasize the use of the business
process models and their enactment in the WfMS as
indispensable source of context information. Further-
more, we observe that successful coupling of workflow
and knowledge-intensive application requires some for-
mal semantics as the basis of communication. That is,
we need a mapping from the context information mode-
led in the workflow to the ontology of the information
provider. The examples illustrate two principal approa-
ches to this end:
¯ When the workflow modeling is extended especially

with respect to the support of knowledge-intensive
activities, it might be possible to consider the availa-
ble ontology already at process modeling time. The
resulting KIT representation is then well-grounded in
the ontology of the information provider.

¯ On the other hand, if the already-defined workflow is
to be left untouched, it is possible to add the ne-
cessary semantics by defining transformation rules
which map the terms already used in the workflow
model to the onto|ogy of the information provider.

To effectively access the workflow context informa-
tion it seems useful to treat the workflow instances as
first order citizens in the information world, as demon-
strated:
¯ The explicit modeling of context information in KIT

variables extends the data flow model in the work-
flow. This is suitable if the workflow engine controls
when and what is transferred outside.

¯ The handling of a separate context pool is suitable to
deal with situations where a large amount of workflow
instances provide volatile context information which
is required by activities outside of the workflow’s in-
fluence. The continuous collection of context infor-
mation and its organization according to the needs
of the supporting application (e.g. the DAU com-
ponent) even allows to handle context information
which the WfMS only creates temporarily and which
otherwise might not be available when needed.

In summary, the extension of the workfiow scenario is
a suitable way to provide active and extended services
and to transform available information into process-
oriented actionable knowledge. Some of the sketched
solutions seem still a little bit clumsy. However, our
observations might indicate some further work worth
investigating which might result in suitable adaptati-
ons of future WfMS in order to ease the utilization of
workflow context information.
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