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1 Introduction

The AXIOM project is a collaboration between
researchers in knowledge representation (KR),
markup languages such as XML, linguistic
analysis, text encoding, databases, humanities
computing, and other related fields, whose
goal is to develop technologies that will enable
a large scale digital library. The central theme
of the project is the exploitation of "intelligent
tools" and "intelligent texts." The project also
includes several large text encoding projects
associated with existing libraries that have
been diligently encoding "humanities" data
over the past ten years.

2 Knowledge Representation for Card
Catalog Systems

Among the many places we are applying KR
techniques is in the evolution of existing card
catalog systems. While improvements to the
existing systems are easy to envision, library
scientists are deeply motivated to proceed
carefully and thoughtfully, and do not make
changes lightly.

From a KR perspective, library scientists are in
several ways the perfect collaborators. They
are probably, as a profession, the first practic-
ing ontologists, as evidenced by the dewey
decimal system and other similar classification
systems. They are accustomed to taking a prin-
cipled approach to representing information,
and are always concerned about having things

in the right place. They are also accustomed to
thinking taxonomically, again as evidenced by
the dewey decimal and subsequent systems.
They do not, as a result, require any convinc-
ing that the right way to extend the card cata-
log system is to carefully model all the
information that will be represented.

There are many KR issues involved in the evo-
lution of card catalog systems, and principle
among these is representing the variety of data
a digital library may be expected to contain.
The present technology centers on things that
can be shelved, principally books, and these
systems are being severely taxed by the addi-
tion of electronic source material. Marked up
texts, which offer the potential for truly
advanced and expressive queries, are not
exploited any more than printed materials.

There are many KR issues involved even in
this more focused view of dealing with these
broadened data types, see [Welty, 1994],
[Welty, 1996], [Ide, et al., 1997], and [Welty
and Ide, 1998]. This paper focuses briefly on
the work we have been doing in developing an
ontology of modalities for libraries. This ontol-
ogy is founded on a simple, yet profound,
observation: many of the different entities
within a library will be versions of the same
thing. Some of these may simply be identical
copies of the same book, journal, etc., but even
in the present day the majority of these cases
are different modalities of the same thing.

The prototypical example was formulated in
[Welty, 1994]. A paper in the library, which
has attributes such as author, abstract, date,

86

From: AAAI Technical Report WS-98-09. Compilation copyright © 1998, AAAI (www.aaai.org). All rights reserved. 



what it was published in, etc., may be available
in several formats, such as HTML, Postscript,
PDF, etc. The key here is that the postscript
file, the HTML file, and the PDF file, are all
the same paper. They have the same author,
abstract, etc., yet there are attributes of the dif-
ferent formats that are distinct, and are mean-
ingful in the role of those files as different
views of the paper. Obviously each has a dif-
ferent location in the filesystem, in addition the
HTML file may have an html-version attribute,
the postscript file may have a "translated by,
attribute, etc. Finally, the paper may well exist
in paper form as well, and this is merely
another view of the paper. The paper form
would have attributes like location (such as it’s
library catalog number - perhaps inherited
from the book or journal the paper was pub-
lished in.

This has important implications for the card
catalog system. Many views of the same docu-
ment can be stored in the catalog without
requiring different entries. A search for the
paper will have a single result, and then give
the user the option of "delivery formats". In
fact, part of the AXIOM project includes
research into a query language that will allow
users to construct new documents from parts
of existing ones (this is enabled by the deep
markup of the texts).

Of course a digital library will have many dif-
ferent information formats, or modalities, that
information may be stored in. 1984, for exam-
ple, is a book that is available in printed form,
on audio tape, as a movie, and in a variety of
electronic formats including fully CES (Cor-
pus Encoding Standard) compliant marked up
texts in ten languages, accomplished by the
MULTEXT project [V6ronis, 1996].

The goal of the library is obviously not simply
to represent the different modalities, but to
deliver them, when possible. This requires that
the interface to the library be able to exploit
modality information intelligently. In some
cases, delivery through the interface will not

be possible, e.g. if the user is interested in the
printed book, or the VHS videotape version of
the movie, and in these cases the interface
should provide information about the location.
This and other knowledge about the forms of
interaction will need to be specified as part of
the modality classes.

The modality ontology has not been the central
focus of our KR efforts, and we have at this
time we have only a rough ontology. Our main
interest in this workshop will be to explore
aspects of different interaction modalities to
augment the existing ontology. An outline of
the current ontology is provided below. It is
important to keep in mind that these are
modalities for the objects we would expect to
find in a digital library, where the principal
type of object is a document.

3 Ontology

There are two major (disjoint) modality types:
internal-modality and external-modality. The
internal and external are with respect to the
digital library system: an internal modality is
one for which the interface can deliver the
object, such as a postscript paper or an MPEG
movie. An external modality is one that the
interface can not deliver, and thus must present
access information to the user.

All modalities are also broken into four basic
types: text, graphics, audio, and video. A
modality of a particular object must be classi-
fied under one of these four types and must
also be either internal or external.

Internal text modalities come in two types, for-
matted text (such as HTML, RTF, Postscript
and PDF), and unformatted text (such as plain
ASCII). In addition, all the internal text modal-
ities fall under one of the following types:
source text (such as HTML, RTF, and ASCII),
and image text (such as postscript and PDF).
The purpose of the latter disjoint categories is
to distinguish text that can effectively be
altered, perhaps by the software itself, from
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that which can not (or isn’t really supposed to
be). The source text category is actually fairly
deep, with a complete taxonomy of all the
mark up languages (including HTML).

The internal graphics formats are GIF, JPEG,
TIFF, etc.

The internal audio formats are WAV, real
audio, etc.

The internal video formats are AVI, MPEG,
etc.

The latter three categories are not well thought
out at the time, since we have principally been
dealing with text data.

The external text modalities are of two types:
bound (such as books, proceedings, journals,
etc.) and loose (such as letters, manuscripts,
etc.).

The external graphics modalities are photo and
microfilm.

The external audio modalities are cassette, CD,
record, etc.

The external video modalities are VHS cas-
sette, 8mm film, 16 mm film, etc.

Again, the latter three categories are not well
thought out, and in general we have not spent a
great deal of time yet with the external modali-
ties because the focus of the project is elec-
tronic texts. Our ultimate goal, however, is to
fully integrate a digital library with a conven-
tional print library, and the external modalities
will be important to complete.

At this point, identifying the modality types
and getting a few examples is as far as we have
come. While it is clear that the different
modalities will have their own attributes, such
as the publisher of a bound external text or the
URL of an HTML file, we have not analyzed
the domain for a complete set of attributes.
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