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Abstract: There is a significant gap between the services provided by dedicated infor-
mation systems and general desktop systems for document communication and prepa-
ration. This situation is a serious knowledge-management problem, which often results
in information loss, poor communication, and confusion among users. Semantic desk-
tops promise to bring knowledge-based services to common desktop applications and,
ultimately, to support knowledge management by adding advanced functionality to
familiar computing environments. By custom tailoring these systems to different ap-
plication domains, it is possible to provide dedicated services that assist users in com-
bining document handling and communication with structured workflow processes and
the services provided by dedicated systems. This paper presents a model for develop-
ing custom-tailored document processing for semantic-desktop systems. Our approach
has been applied to the domain of military command and control, which as based on
highly-structured document-driven processes.
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1 Introduction

Information handling and knowledge communication in dedicated application
systems, such as accounting and planning systems, are typically designed to sup-
port users in achieving common organizational goals. Normally, such dedicated
information systems assume well-defined information processes and workflows.
Conversely, there are generic desktop applications that support users in a wide
variety of tasks such as communication via e-mail, document preparation through
word processors and information navigation through web browsers. Such general
desktop systems do not make any commitments to a particular work process.
Unfortunately, there is a significant gap between dedicated information sys-
tems and common desktop applications for everyday work. Often, users must
communicate outside dedicated information systems, for example when prepar-
ing and sending documents to one another. In case users have needs for com-
municating or storing information that cannot be managed within dedicated
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information systems, users resort to generic desktop systems. In such situations,
it is difficult to keep the activities in dedicated and generic systems synchronized.
In document-driven activities such as planning and reporting, where document
preparation and use are core activities, it is especially important to bridge the
core process of using dedicated support systems with the document authoring
task and to keep the document flow manageable.

Important elements of knowledge management are document preparation,
communication, archival, and retrieval. Many knowledge-intensive activities are
document-driven in the sense that they focus on document authoring and doc-
ument use to support human tasks such as planning, decision making, and in-
formation dissemination. Today, users take advantage of computer-based office
programs such as Microsoft office and OpenOffice to create and edit documents.
However, these document-processing environments mainly provide support for
text-based editing tasks rather than semantic services to support knowledge
management.

Semantic desktops are inspired by the semantic web in the sense that the
semantic desktop brings semantic-web technologies to the user’s desktop
[Cheyer et al., 2006, Sauermann et al., 2006, Dong and Halevy, 2005]. A princi-
pal idea behind the semantic desktop approach is to support working and rea-
soning with semantic entities that are normally scattered across several different
resources. One of the advantages of semantic desktops is that they promote both
formal and informal work processes and flexible information flows. Furthermore,
these systems avoid the rigid structures sometimes imposed by traditional dedi-
cated information systems. However, without in-depth knowledge of the applica-
tion domain (i.e., specific information about the content, structure, and purpose
of the documents), it is difficult to provide semantic services beyond general
document indexing and search.

Our approach is to extend a pre-existing semantic desktop with domain-
specific functionality that enables relevant document analysis based on both
the document structure (e.g., outline, tables, and diagrams) and textual con-
tent (e.g., keywords, terms, and distinguishing phrases). The development of
such semantic-desktop extensions includes modeling of the document workflow,
definition of domain concepts in ontologies, and implementation of document-
analysis components. The implementation of extensions to a semantic desktop
can involve the addition of domain-specific document tracking, indexing and
visualization. Naturally, it is necessary to precede this extension development
with a traditional requirements analysis identifying the relevant services that
the environment should provide.
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Figure 1: The IRIS semantic desktop model as a three-layered architecture with
the ontology at the bottom, the frameworks used to interact with the ontology
in the middle and applications at the top.

2 Background: Semantic desktop systems

Semantic Desktops [Cheyer et al., 2006, Sauermann et al., 2006] introduce tech-
nologies from research on the semantic web [Berners-Lee et al., 2001] to the com-
puter desktop with the goal to empower users through improved information-
management techniques. The semantic-desktop effort aims at managing infor-
mation more intelligently through the use of powerful logical formalisms
[Baader et al., 2003] for reasoning about semantic entities on the desktop.

Figure 1 presents an overview of the semantic-desktop model. It is based
on the notion of an underlying formal ontology, which contains concepts and
relationships that pertain to the use of a computer desktop environment. The
concepts in the ontology describe interacting with applications, opening and
editing files, reading e-mails etc. Also, it contains concepts that relate to semantic
entities people refer to in their daily work, and which is what the semantic
desktop is built to support. To give an example of such a semantic entity, we often
refer to a person, although on a computer desktop, a person may be manifested in
e-mails as the sender or recipient, in documents as the author, and in calendars as
the participant in an event. All these application-specific references are identifiers
of the same semantic object, however.

IRIS is a semantic-desktop environment [Cheyer et al., 2006] that contains
functionality for harvesting references such as people, tasks and other common
concepts from desktop resources. However, the flow of information between parts
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of an organization may contain much richer semantics than that which can be
described using such general concepts. Especially in highly-regulated activities,
such as military command and control and medicine, additional information can
be inferred from the context of work.

Like many other semantic-desktop environments, IRIS is an extensible frame-
work where functionality can be added at all levels. To support the use of ded-
icated information systems along with generic desktop applications, the envi-
ronment needs extensions primarily in the layers concerned with managing the
ontology and ensuring that the semantics in the document flow is merged with in-
formation from dedicated information systems. The semantics of documents can
be retrieved by injecting a context-aware IRIS plug-in that responds to events
on the semantic desktop, such as the arrival and submission of documents via e-
mail, and the creation and modification of documents. Together with a workflow
model based on domain-specific documents, we propose to use semantic desktops
as the foundation for new methods of merging and reasoning with information
sources.

3 Document workflow modeling

The document flow within an organization is an important part of the knowledge-
management process. Figure 2 illustrates the information flow between two levels
of management. Both levels of management work in parallel to evaluate and plan
activities, as well as monitor their progress and coordinate common resources.
One way to characterize the interaction and workflow between these levels of
management is through the documents that are created, modified, and accessed
as part of the process. All traceable actions can be described as communication
acts with specific senders and recipients within the organization, or with specific
documents as attachments to e-mail communication. Moreover, for each specific
domain, the contents of the documents communicated can be described in more
detail, such as the character of the situation brief submitted by middle man-
agement. In the command-and-control domain, such situation briefs can contain
descriptions of the current restrictions related to geographical, logistical, legal,
and temporal conditions as well as medical restrictions. Also, the directive pro-
duced from upper management may contain a decision table with references to
objective specifications, due dates for individual tasks, and allocated resources.

In domains where regulations or prevailing practice stipulate a well-defined
structure for documents and communications, along with current trends towards
standardized formats for documents such as OpenDocument and the prolifera-
tion of powerful toolkits for information extraction [Cunningham et al., 2002], a
semantic desktop can be augmented with functionality that takes advantage of
this structure and uses it to facilitate consistent and efficient use of information.



80 O. Leifler, H. Eriksson: A Model for Document ...

[ Upper management ]
E4 v

. .
/ z
L 4 . .

‘\ directive -- revision ~ - - ~b-| directive

\ 7/

i ) . A
situation N implementation I
brief “\ reports S
N .

[ . middle management .’ J
time line ;" >
[ Semantic Desktop J

Figure 2: Document flow as part of the collaboration between two levels of man-
agement. The documents involved in this communication carry auxiliary infor-
mation, such as specific file names, structured content, format, author, sender,
and recipients. This type of information can assist the information-extraction
process.

4 Domain-specific semantic desktop information management

Recent standards in document formats (e.g., the OpenDocument and Office
Open XML formats) along with advances in natural-language processing simplify
the inspection of generic desktop documents. Today, it is a relatively straight-
forward task to recognize the structure of a document and use that structure
to harvest information on its contents. In addition, natural-language-processing
tools can classify words and phrases as being references to specific semantic enti-
ties, such as people and locations. Together, these advances corroborate the case
for the semantic desktop as a viable support tool for knowledge management.

The use of domain-specific information can support users with reconciliation
of resources, efficient information navigation, and improved communication in
the following manner:

— Reconciliation of resources can be performed using the mechanisms already
in place in semantic desktops for reifying information
[Dong and Halevy, 2005], with the only addition that the source of the in-
formation must originate from the dedicated information system as well as
text documents. The IRIS environment in particular is designed to act as an
open platform that merges semantic references from other applications and
other computers through the use of web services.

— Efficient information navigation can be supported by IRIS through generic
views that present information about the objects on the desktop, such as
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people and tasks. However, because IRIS is an open platform, it is possible
to add views for displaying and navigating among references to locations,
resources, teams, and so on. Furthermore, developers can connect these views
to the ontology via specific events that inform each view of updates to the
specific kind of semantic entities that the view manages.

— Improved communication can also be supported by the semantic desktop by
using the shared knowledge base. The knowledge base is set up to be shared
over a network, along with an event-driven architecture that provides users
with notifications of changes or additions to specific categories of semantic
entities.

5 Implementation for command and control

To demonstrate its viability, we have successfully used our approach in a military
command-and-control scenario, where we harvest domain-specific location refer-
ences from standard OpenOffice documents and provide navigation among those
references via a map-based user interface that supports information navigation.
As another example, we have identified documents with a specific structure and
purpose!, and extracted domain-specific references to tasks in those documents,
based on the structure of the document and the existence of a tabular definition
of tasks and responsibilities, to reason about temporal dependencies between
tasks. Furthermore, we are currently employing our approach to facilitate com-
munication analysis by modeling the transactions between members of staff.

6 Discussion

The use of semantic-desktop environments promotes interoperability across or-
ganizations because most of the information interchange is based on e-mail and
standard document formats rather than dedicated protocols. This design enables
tracking and analysis of documents from outside sources and collaboration part-
ners. In a way, the documents act as user interfaces to the tracking and analysis
programs because they affect the actions of these systems.

In this work, we have addressed the analysis of standard documents. However,
we believe that it is possible to augment documents with additional metadata to
achieve semantic documents [Eriksson and Bang, 2006, Eriksson, 2007]. Such se-
mantic document can contain ontologies with concepts that are linked to words,
sentences, paragraphs, and other parts of the document. It is possible to add
this information to standard document formats, such as PDF, to allow analysis
programs to access metadata directly without extracting them from the docu-
ment text. For example, by representing the content of decision tables in the

! to synchronize the use of resources over time during a mission
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documents as ontology classes and instances, a semantic-desktop environment
could compare documents directly by performing ontology matching. In other
words, semantic documents have the potential of retaining semantic information
available at the time of document preparation.

A long-term goal for domain-specific semantic-desktop approach it to make
it available to a broad range of applications by lowering the effort to custom tai-
lor the environment. In the area of knowledge acquisition, researchers have de-
veloped metatools for instantiating domain-specific knowledge-acquisition tools
from high-level descriptions [Gennari et al., 2002]. A similar approach could po-
tentially be used to create domain-specific extensions for semantic-desktop en-
vironments. For example, we believe that a meta-level tool could generate a
domain-specific extension from a combination of domain ontologies and docu-
ment templates. Naturally, there are many design alternatives for making domain-
specific commitments in future generalized semantic-desktop environments and
for developers to specify the domain-specific aspects.

Our evaluation of semantic desktops as a viable approach for supporting
document-driven staff work has currently been conducted through technical im-
plementation work, based on analyses from participating in and observing actual
staff work. The results of our work indicates that semantic desktops can be used
successfully to extract and reason about information critical to commanders and
represented as parts of the contents or the structure of documents. In military
staff exercises, we have identified issues related to the management of tempo-
ral and spatial information in documents that was a major cause of concern.
Since effective sense making is crucial to a staff, and since that process implies
primarily interpreting information jointly, means for organizing the desktop con-
tent according to semantic entities instead of the physical structure of documents
would make valuable contributions to the work environment of commanders.

7 Conclusion

Semantic desktop systems have the potential to enhance document-driven know-
ledge-management processes through more effective management of semantic
entities in documents and communications. One of the main advantages of the
semantic-desktop approach is that it supports the users in their daily activi-
ties without introducing traditional application systems that require separate
streams of information handling. To maximize the benefit of semantic desk-
tops, however, we believe that it is necessary to adapt these systems to the
knowledge-management environment of the users and the tasks that the users
are performing daily.

A remaining challenge for domain-specific semantic desktops is to find ways
to customize the system to the documents and work patterns particular to the
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application area. Specifically, it is important to streamline the adaptation of
document analysis for new document types.
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