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Abstract

Subject-based classification is an important part of information retrieval, and has a long history in libraries, where a
subject taxonomy was used to determine the location of books on the shelves. We have been studying the notion of
subject itself, in order to determine a formal ontology of subjects for a large-scale digital library card catalog system.
Deep analysis reveals a lot of ambiguity regarding the usage of subjects in existing systems and terminology, and we
attempt to formalize these notions into a single framework for representing it. © 1999 Elsevier Science B.V. All rights
reserved.
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1. Introduction

There can be no argument that the wealth of information now available on-line has created
numerous problems for information retrieval. One consequence of the information age is the
promise of Digital Libraries, with on-line access not just to library catalogs, but to the documents
themselves. Furthermore, progress in the text encoding community offers the potential for sig-
nificant amounts of these documents to exist in some marked-up form (see, for example the TEI
[30], the CES [22], the MEP [8], and the WWP [13]).

Having information about the content of a document readily available in a machine-readable
format may seem to imply the ability to do document retrieval based on this content information;
the community, however, has yet to deliver tools that exploit the markup in a manner that justifies
the effort required to create the documents [22]. We have been performing ontological analysis in
the domain of library catalog systems as part of a project endeavoring to address this problem.

Many aspects of the library ontology presented here would not seem very novel to anyone
experienced with conceptual modeling and ontology building (in fact it is based on Tom Gruber’s
bibliographic ontology [16]). It is, however, a radical departure from the current paradigm in
library catalog systems whose foundation is quite clearly the need to place books on shelves in an
orderly way. Modern library scientists may find this an over-simplified and out-dated criticism of
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current library access methods, but we hope to show in this paper that it is in fact still quite
relevant.

The most interesting scholarly work that has been ongoing for many years in this effort is a
deep and thorough analysis of the ontology of subjects [38]. Subject classification can be viewed
from a variety of perspectives ranging from the purely pragmatic to the purely philosophical. The
notion of a subject is so deeply ingrained in all aspects of our culture and language that this part
of the work has been particularly fruitful and challenging. The bulk of this paper, therefore, will
deal with the issues of the representation of subjects, classification by subjects, and subject-en-
hanced retrieval.

The paper begins with a discussion of the goals of the project, and the goals of the ontology
work, then presents the new ontology for library card catalog systems. The remainder of the paper
will be devoted to the ontological nature of subjects. Elements of this paper have been published
previously in [40].

2. The axiom project

The Axiom project seeks to combine four different aspects of research into a single digital li-
brary: text encoding of non-technical (i.e. humanities) documents [8], linguistic text analysis [20],
knowledge representation [41], and user interfaces [6].

2.1. Library data

The center of the project is the Model Editions Partnership (MEP), maintainers of a large
repository of fully marked-up electronic versions of historical documents from the US Civil
War period [8]. The documents include letters, manuscripts, newspapers, and diaries, as well as
the more traditional books and magazines. The markup of the electronic documents is quite
deep; in addition to structural components (paragraphs, line breaks, font changes, etc.) and
basic header tags (title, author, date), the body of the documents include: identification of
names, dates, cross-references to other documents, events, etc. The markup is done mostly by
hand, and the development of automated tools for assisting these encoders is a topic of current
research.

The existence of the data in this structured form opens the door, at least intuitively, to the
possibility of dramatically more expressive queries than library users are familiar with today,
because it enables retrieval based on the contents of the documents. Web-based keyword
searches also permit this, yet they have no (or very little, at best) semantics, and cannot make the
simplest differentiations between word sense usage. The markup of names is of particular interest
in this regard, because in addition to being tagged as names, the tags also differentiate person
names from place names, organization names, etc. In other words, we expect to find markup
such as:

The city of <name type =city>Washington</name> was named after the first
American

President, <name type =person><firstname>George</firstname>
<lastname>Washington</lastname></name>
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Clearly this encoded information allows queries to be expressed that differentiate between
Washington the place, and Washington the person, a differentiation that keyword search does not
allow.

2.2. Project goals

We wish to use the richness of the encoded data to enable multiple modes of retrieval of the
documents. We feel that one key ingredient to accomplish this is expanding the “card catalog”
representation beyond books to support far more expressive queries, such as ‘“Publications
written by people at Vassar College”, or “Works of fiction reviewed by someone at Vassar who is
interested in AI”, or even, “‘Papers on Al published at a conference sponsored by ACM”. The
increased expressiveness should serve to enhance the utility of the card catalog for three basic
kinds of users.

1. Users with vague notions about what the object of the search is. Library users frequently do
not know the title or author of the book they are looking for, or even if it exists. For example,
someone may be interested in reading about “Formal Ontology”. Such a user has no idea what
the relevant titles or authors are. During a search for a publication on that subject, if none
were found, the user could generalize the search to, perhaps, “Knowledge Representation”. The
key to generalizing (or specializing) a search in this manner is access to the subject taxonomy,
which is normally not the case in existing card catalog systems. Furthermore, if the user was
aware that interesting research in formal ontologies was taking place at a particular institution,
the user might search for ““Publications on knowledge representation written by someone at
Vassar College”. Again, since we are dealing with a library containing potentially billions of
publications, the ability to refine a search will be critical in making the information accessible
[39].

2. Users doing scholarly research. We are working with two text-encoding groups who are in the
business of marking up historical manuscripts and making them available in electronic form.
Their primary customers are scholars who do not have direct access to the manuscripts (because
of proximity, because the manuscript is fragile, etc.), and having the data in electronic form opens
up vast new possibilities. Etymologists (people who study words) would like to make queries such
as “what is the date of the first manuscript that uses the word ‘cleave;”” other researchers might
ask for “Books by women authors in the 18th century containing mythological characters”. It
would be impossible to exaggerate the implications of this technology for scholarly research in the
humanities.

3. Users with vague recollections of the object of the search. It is not uncommon for a library user
to be searching for something they read or heard about at some time, but do not remember exactly
what it was. The more information about each publication that can be provided, the better the
chance that something the user remembers is actually recorded. For example, “The paper on KR
written in the early ‘80s by someone at BBN”, or, ““A paper on planning at an Al conference in
Florida”. This category was, in fact, the initial motivation for this research [38].

Drawing from these user types, we have developed a new paradigm for library search and
retrieval, one that tightly integrates browsing and querying of an information space that repre-
sents more than simply books, but the people, places, events, etc., that are useful background
information for supporting the retrieval process.
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2.3. New ontology for library information systems

Every library card catalog system operates on the basic assumption that the object of a query is
a document. When one types “FIND SUBJECT ONTOLOGY” in a library card catalog system,
that system understands this to mean, “find all books whose subject is ontology”. Our new
paradigm does not change the abstract interaction; the result of any search will still be a book (or,
more generally, a document). The basic revelation of this new paradigm is the recognition that in
a digital library, the object of a specific query may not be a document, but a person, place, event,
or other kind of object. These other objects, which represent what we term the background
knowledge, extend the information space defined by the catalog and add an important step to the
normal interaction between a user and the catalog system: browsing. We expect users to engage in
an iterative process of querying for information, using the query results as a starting point for
browsing, and using their browsing results to guide them in making new queries. This process
repeats until the desired documents are found. An example is provided in Section 2.4 below.

This new paradigm requires a representation that allows for the background knowledge to be
found, either through queries or browsing, and we have developed a simple ontology for sup-
porting this new style of interaction. We present the ontology here only briefly; a more complete
description can be found in [38,41].

Our ontology consists of five principal classes: documents, document modalities, objects,
events, and subjects. The objects include people, places, companies, organizations, etc. The events
include conferences, meetings, wars, battles, etc. A subset of the taxonomy for this ontology is
shown in Fig. 1. The subjects are described later.
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Fig. 1. Some of the key concepts in the electronic card catalog ontology.
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Individuals of the non-subject classes have numerous relationships through which they can be
connected. A Person can be the author-of any document, and the mere existence of such a link
implies that the person is also an author. Organizations (such as “AAAI”) can sponsor events
(such as “AAAI-97”), people can be members of organizations (“‘Lincoln was a member of the US
Government”), and can participate in events (‘“‘Sherman participated in the burning of Atlanta”™).
These links or relationships provide the basic structure for browsing the information space. In our
interface, when looking at information about an object (e.g. “Lincoln”), clicking on a link (e.g.
member-of) will move you to the object linked to (e.g. “US Government”).

It should be noted that we do not wish to create an encyclopedia here, only enough information
and background material to enhance the on-line browsing process and make the sheer magnitude
of digital library information accessible, and useful.

Instances of documents, events, and objects may be classified by subject. For a person, being
classified by a subject indicates interest in that subject. For an organization, it means an official
association with the subject, not necessarily simply the propagation of the interest of its employees
or members (Chris is interested in cars, but Vassar College is not). Subjects should be propagated
along certain relationships, but that will be described later.

Finally, we also represent the tags in the markup, and relationships between them from a se-
mantic (not syntactic) basis. We augment the existing tagset with other ‘““virtual tags” (tags that
are not present in the markup but can be derived automatically) in the representation. This allows
us to process a variety of background information. We have split our background information
ontologies, which are fairly simple objects and rules regarding the types of texts that are encoded,
into different subject areas as well.

2.4. User scenario

We believe the principal advantage our approach offers is the improvement of searching and
browsing for information retrieval. The added knowledge, resulting from both a principled ap-
proach to ontology development and the background information that ties the meanings of the
tags together, makes it possible to more precisely specify a query.

Imagine, for example, a scholar who is motivated by recent events to research how com-
monplace it was during the civil war period in American history for government officials to
mention government business in their personal correspondence.

The historian would begin by finding a digital library that includes marked-up versions of
historical documents, such as the MEP’s Civil War era documents [8]. He would then enter the
query, “Find all government officials during the years 1860-1865"", and be presented with a list of
all the government officials the system knows about. The system knows about government officials
because the markup includes tags that identify government documents, and in one of our his-
torical ontologies we have a rule that says, “The author of a government document is a gov-
ernment official”’. There are similar rules for names that appear in tags that signify senders,
recipients, signatures, etc. The system can also infer dates of service for these officials from the
dates of the documents.

The power here comes from the fact that it is fairly easy to specify such rules, and then cap-
italize on the data already in the marked-up documents. Thus, rather than enumerating all the
government officials during the Civil War, we specify the rules and let the system gather that
information for us. We have found an enormous wealth of information in these marked-up
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documents that can be exploited in this way, such that the information itself is more accessible.
Note that, of course, this information may be incomplete, e.g. if the library does not include
documents in which a particular government official is mentioned in the right context (i.e. in an
author, recipient, etc., tag), the system will not know that person is a government official.

The user’s next step is to pick a person from the list of government officials, and display the
information the system knows about that person. This will reveal to the user the kind of infor-
mation the system keeps about individual people, or in this case about government officials. The
user will find links called ““author-of, recipient-of, sender-of, member-of”’, and many others. From
these links, this particular historian would check the “author-of”’ link, and be presented with a list
of all the documents this person was the author of. The documents are listed along with their most
specialized parent (i.e. the parent concept lowest in the concept taxonomy), so the user will see a
list of document titles and document types, for example:

PERSON-102: Andrew Johnson
AUTHOR-OF: DOCUMENT-23: Public Address to Baltimore
MEMO-54: Message to Lincoln
LETTER-32: Letter to Mrs. Johnson

The user now selects LETTER-32, and sees all the information that the system keeps about such a
document, including links like “has-author” and “has-recipient”, and all the parent concepts (the
list view above reveals only one parent, but most instances will have many parent concepts in-
herited down through the taxonomy from all its immediate parents). LETTER-32 is an instance of
a LETTER, PERSONAL-DOCUMENT, HISTORICAL-DOCUMENT, DOCUMENT, MEP-
DOCUMENT, and several other concepts. The user notices the existence of the PERSONAL-
DOCUMENT concept, and selects it.

All concepts in the ontology have brief natural language descriptions, so the user will see
something like what is below. This information is pruned a bit from the actual output:

Concept PERSONAL-DOCUMENT:
Comments: ¢‘A Personal-Document is a document, usually a letter or di-
ary entry, that was considered part of the author’ s personal 1ife. This
concept was originally disjoint with PROFESSIONAL-DOCUMENT, however
we have found several exceptions and removed that restriction.’’
Parents: DOCUMENT
Ancestors: DOCUMENT OBJECT LIBRARY-THING

The user now has learnt all the information he needs to form a more specific query, which is
essentially, “Find all the PERSONAL-DOCUMENTSs written by GOVERNMENT-OFFICIALSs
in the years 1860-1865 whose recipients were not GOVERNMENT-OFFICIALS”. The result of
this query may be quite large, but in fact is precisely what the user is looking for, and finishing the
research will involve reading through these documents.

Eventually the scenario above would be augmented by a powerful interface that assists users
with the query language. Until that time, and probably even after it, we expect that trained li-
brarians who understand the representation and the query language will assist users with this
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system. Note that, of course, modern communication technology, from phones to chat rooms to
3D web spaces, imply that the human assistance does not require proximity, and the goal of
making these new digital libraries accessible to the world is still achieved.

There are many example user scenarios that better detail the extraordinary advantages we
believe can be gained by applying knowledge representation and ontology techniques to digital
libraries of marked-up texts in [41].

3. History of subject classification

Perhaps the most interesting part of the scholarly aspect of this research has been a study of the
history of classification, and in particular the use of subject classification in libraries. One could
casily spend a lifetime trying to catch up on everything that has been written on the idea of
classification. The history of this area, as with all histories, is ripe with colorful characters, per-
sonality conflicts, love triangles, deep political intrigue, valiant and selfless acts for the ad-
vancement of knowledge, and many other factors which, in addition to being interesting, are also
relevant to understanding the meaning of any piece of work. This particular part of the research
was always done with clear project goals in mind, and frequently stopped well short of even a
substantial survey.

3.1. Etymology

One of the most useful tools in ontology building is a dictionary, and when researching
the ontology of common terms, it is often helpful to study the etymology of the terms them-
selves.

The English word subject derives through Latin from Ancient Greek, where it is the combi-
nation of the words “to throw” and “under”. The OED lists over 20 definitions of the word,
which range from the idea of a vassal or minion (i.e. “a subject of the crown’), to the meta-
physical definition of substance, to the “subject matter” of art and science (i.e. “Mona Lisa was
the subject of this painting’), to the grammatical role of words in a sentence, to the use in Logic of
an object which is predicated, to the theme of a literary composition [31].

The English word topic has a similar etymology, deriving also through Latin from Ancient
Greek. The original Greek meaning of the word is a place, or a locality (hence the use in “‘topical
ointment’).

Finally, the word about, which is normally used to relate books to their subjects, derives also
from a spatial etymology meaning “‘near” or “around” (such as ‘““scars about the face™).

The sense we are interested in for these words is believed to have been first brought into usage
by Aristotle, who envisioned topics as “places in which a rhetorician might look for suggestions
treating his theme” [31]. Subjects were things that were placed under (thrown under) these
topics. They would be the very things the rhetorician might be looking for. This implies that
subjects are not the same as topics; one is a place and the other is something located at that
place.

It is pure conjecture, but nevertheless reasonable to infer, that the very thing Aristotle was
thinking of here was a library, and that therefore the importance of organizing knowledge by
subject dates back to him.



162 C.A. Welty, J. Jenkins | Data & Knowledge Engineering 31 (1999) 155-181
3.2. Bacon’s fields of knowledge

Although undergoing steady development throughout the ages, arguably the next most signi-
ficant event in the history of classification after its invention by Aristotle was Francis Bacon’s
attempts to organize and represent all the knowledge gained by human science [3]. Bacon’s
framework was hierarchical (a “tree of knowledge’’), and drew on efforts in individual sciences to
classify the natural world. Bacon’s work was probably not notable in itself other than being
considered the first real attempt to perform this kind of analysis.

A more impressive effort, while clearly based on and inspired by Bacon, was the well-known
Encyclopedia by Diderot and D’Alembert in the mid eighteenth century [11]. Although built on
work done previously, it was the first encyclopedia. In order to organize the knowledge in this
work, Diderot (primarily, it is believed) and D’Alembert created a much more detailed and so-
phisticated tree of knowledge than Bacon’s.

3.3. Library subject classification

The Encyclopedia’s tree of knowledge is significant in many ways. We are interested specifically
in two. First, it represents an entirely practical effort. The tree was clearly meant as a contribution
to the development of the philosophy of science and the classification of knowledge; however, the
effort to devise the tree was guided by the need to organize the Encyclopedia. Many deeper
philosophical issues were passed over when they were not relevant to the contents of the work
itself.

Second, the work of Diderot was well known by an American Francophile, who used it to guide
the organization of his own extensive personal library. This American, Thomas Jefferson, was the
third president of the United States, and the founder of the US Library of Congress (LOC), whose
initial contents were precisely those of Jefferson’s library.

This is by no means a claim that the LOC was the first to organize material by subject. Indeed,
evidence points to attempts at such arrangements throughout history. The first surviving record of
a subject catalog was in 1483, in Melk, Austria [37]. Various other personal and public libraries
were organized by subject since then. The turn of the 19th century, which is roughly when the
LOC was created, is about the time that subject classification of books began to be an accepted
practice in libraries around the world. Until these changes were made, books were cataloged
alphabetically by author, by title, or by the first lines of text.

Libraries began to be more dependent on accurate subject classification, and while all early
classifiers were students of the philosophy of science, and therefore used the work of Bacon,
Diderot, D’Alembert and their scholarly descendants to guide them, by the mid-19th century li-
brary classification had become an art of its own, which for practical reasons had to separate itself
from philosophy. The main reason for this separation was that the subject catalog was driven by a
single goal, the placement of books, whereas the philosophy of science clearly had other desires.
“Classification”, said John Cutter, developer of the Expansive Classification system that was to be
the primary influence on the American LOC standard, ““is the process of equating subjects with
the topic contents of books, rather than with the logically derived elements of the general clas-
sification of knowledge” [29].

To further drive a wedge between philosophy and the new library science, many scholars ob-
jected to the use of a subject catalog. W. Stanley Jevons believed that such an organization, as
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opposed to an author-arranged index, supported students who did not know their literature well
enough [24]. He claimed that students should first be educated to know who was doing the im-
portant work in a field of inquiry. The well- known philosopher and logician Augustus DeMorgan
also strongly objected to the idea of a ““classed catalog”, believing it to be too much, “one man’s
theory of the subdivision of knowledge, and the chances are against it suiting any other man” [9].

Library classification ensued with its overriding goal still to place books on shelves. Whether
intentionally or not, this clearly links back to the etymology credited to Aristotle. Ainsworth
Spofford, director of the LOC during the mid-19th century, and a major historical figure in the
development of library subject classification, wrote, ““‘Places in the library are subjects themselves™
[29].

Further study of classification revealed that the most important part of the process was cap-
turing rules to guide the classifier. The earliest evidence of recorded rules for subject classification
is attributed to Adrien Baillet, who developed classification rules for indexing the private library
of Chretian-Frangois de Lamoignon in the late 17th century [37]. Accuracy was not considered as
important as consistency. Spofford’s system was not even intended to be exploited by library
users, but by trained library assistants [29].

Probably the most familiar and extensive work on library subject classification were those of
Dewey (the decimal classification system) [10], Hartwig (the Halle Schema) [28] and Cutter.
Dewey and Cutter each added two important points to their systems: the ability to add and re-
move categories, and the use of a relative index. The former was deemed critical as new fields of
science and inquiry come and go, and the latter was important because the growth of library
collections over time meant they could not guarantee that a certain subject would always be able
to fit in a certain place. This gave libraries the ability to move the whole collection without re-
quiring a recomputation (by humans) of the whole index. These two factors, plus the incredible
care with which Dewey and Cutter approached the actual contents of their subject hierarchies, are
the main reasons why both systems are still in use today, over a hundred years later.

3.4. LOC classification

Library classification is a field, a profession, requiring extensive training and experience. It
would not be unreasonable to claim that library scientists have created the first formal ontologies
to be used in systems (these systems began as printed indexes, then cards, and now databases).
These subject catalogs represent enormous amounts of human labor spread out over two cen-
turies. The accomplishment is nothing short of impressive, representing an essential blend of
philosophy, analysis, and practical compromises. We examine here, in slightly more detail, the
LOC Classification system (LCC) to gain further insight into the difficulties of representing and
using subjects.

To begin with, the LCC is a hierarchical system. Subject categories have sub-categories, and
sub-categories may have sub-sub-categories, etc. This hierarchy, perhaps due to its direct corre-
lation with the physical location of books (but perhaps not as discussed below), was considered a
mereological hierarchy, “Subcategories are more like parts of their parent categories than sub-
sets” [28].

The design of the system, initially, was not so much meant for retrieval of information, but a
way to locate books on similar topics near each other. Again, we have a throwback to the
etymology of locality. This organization supported physical browsing better than an author or
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title-based approach, something which surely any library user has experienced. If a book’s subject
and location were, in fact, the same thing, and given that a book cannot physically be in more
than one place at a time, it is no surprise that all library classification began with a, “one book,
one subject”, paradigm.

This created obvious problems, not just for books that contained information on more than
one subject, but for books whose single subject seemed to be an amalgamation of two existing
categories. Early classifiers noted the difference between intrinsic sub-category relationships, such
as, “zoology falls under natural history”, or, “crops fall under agriculture”, and extrinsic rela-
tionships, such as, “politics of agriculture”, being under either agriculture, politics, both, or
something else.

Eventually, Charles Martel of the LOC devised a strategy for dealing with extrinsic relation-
ships between subject categories, finding that there were a few (politics, history, education), that
cropped up far more often in combination with others. His strategy involved the use of aspects or
facets of a subject. Each subject category, and potentially each subdivision thereof, had seven
facets: serials, periodicals, dictionaries, etc.; philosophy and theory; history; general works; law
and regulations; study and teaching; and the subdivisions. Thus, a book on the history of
Chemistry would be classified under the history facet of the chemistry subject. A book on the
theory of Physical Chemistry would be classified under the theory facet of the subject Physical
Chemistry, itself a category in the subdivision facet of Chemistry.

Other qualities of books that affected their classification were the time of publication, the
geographical origin, and the language. Specific sequences were created for works relating to
specific persons, and for materials related to particular works (such as books about the works of
Shakespeare).

Despite the addition of facets, combination topics still presented a significant problem to
classifiers. Although Horne, working in the British National Library, had proposed classification
of books under multiple subjects in 1825 [24], by the beginning of the 20th century libraries were
still stuck on shelving as the principle factor in book classification, thus every book needed a
primary subject class. Martel observed that “countless subject combinations [were] constantly
found in new variety”’, and that transfers of books from one category to another were quite
common, as better choices for the primary subject became clear from use.

The scheme in use always favored primary classification by the orientation of the author, which
while helpful in resolving many classification problems, propagated the secular nature of schol-
arship. This factor was also clearly heuristic, and could point evidence in entirely the wrong di-
rection at times.

Biographies were handled specially and normally placed in a special area of the history facet of
the subject that the person the book was about was associated with. This was not usually done
uniformly and depended on the existing structure of the history facet. Some subjects had very
limited history facets because they were new.

Literature, fiction and poetry in general, were classified by author, requiring new categories to
be created every day.

Letters, collections, and essays were considered the most difficult to classify, and each was done
in a manner that seemed appropriate at the time.

Most of these principles are still in practice today. The biggest paradigm shift has been towards
retrieval and access and away from locating books on shelves, and the COLON classification
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system is probably the most modern approach [1]. The COLON system emphasizes facets more
directly, with a richer set of facet categories than the LCC, and was developed by Ranganathan to
address the rapid growth of human knowledge, and the rather natural observation that multiple
subject headings for a book was the rule, not the exception. Ranganathan did not believe any
book should have a primary subject, but eventually relented in this requirement of his system,
admitting that the books had to be placed somewhere [34].

3.5. Thesauri

The COLON system also added the notion of relatedness in subjects, and this idea along with
facets has been adopted by the thesaurus community [7]. One term is related to another if they are
normally associated with each other, and one is not more general than the other. For example,
“airplanes” is related to “‘air mail service”. Thesaurus structures do not specifically represent
subjects; the goal is to provide relationships between terms used in any setting, but there is sig-
nificant overlap in the problems of thesaurus representation.

Thesauri typically have four kinds of relationships between terms: synonym, broader, narrower,
and related. E.g. “plane” is a synonym with “airplane”, broader than “jetliner”’, narrower than
“vehicle”, and related to ““air mail”’.

The addition of facets as a relationship between terms is fairly new, and has been driven by the
same problems described here: specifically that it is frequently the case that one term may appear
prima facie to be narrower than another, but further analysis reveals that is not quite right. For
example, it is not truly the case that “cloning” is a narrower term than ““biology;” in some ways it
might be considered broader: with moral, political, religious, economic, and other aspects. With
facets, however, we can keep cloning a subtopic of biology and add facets to biology (and cloning)
for politics, ethics, etc.

4. Ontological analysis of subjects

In the course of this research, we have investigated the notion of subject hierarchies from
many different angles. The main motivation has been the belief that digital libraries imply a
profound shift in certain assumptions that have guided library subject classification since its
inception:

o Digital documents do not need to be shelved, and can appear in many ‘““places” at once. Modern
library classifiers are trained to classify books under as many subjects in the catalog as appro-
priate. It cannot be denied, however, that the book must have a primary classification so that it
can be shelved, and that the basic classification scheme itself was designed for the purposes of
shelving, not retrieval.

¢ In the card catalog ontology outlined in Section 2.3 above, the object of a search does not need
to be a document. We want to be able to classify people, organizations, conferences, etc. by sub-
ject as well. Library classifiers, as mentioned earlier, actually do use information they know
about individual authors to help determine the primary subject classification of a book, how-
ever this information (about the author) is not recorded. Furthermore, we want to be able to
employ rules of inference about the classifications that are made explicitly in order to propagate
the classifications to other types of objects.
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It should be noted that the purpose of this work is to provide an extensive card catalog system,
that supports browsing and retrieval as described in Sections 2.3 and 2.4. Our goal is not to create
an encyclopedia, in fact we hope to be able to stop a long way short of Cyc [27], while still
providing a significant advance in usefulness over existing card catalog systems.

4.1. Previous work

This work in subject classification has been ongoing since 1994. The following sections outline
other approaches to modeling subjects we have investigated.

4.1.1. Object-based subject taxonomies

An essential ingredient in all systems with subject classification, from Bacon, through Diderot,
LCC, Dewey, COLON, and even Yahoo!, is a taxonomy or hierarchy of subjects. This notion
seems inexorably tied to subject classification. Our work actually began with the ontology for
digital library card catalogs [38] implemented in a description logic [5], and because description
logics are particularly good at representing taxonomies, adding a subject taxonomy seemed a
trivial and useful additional feature. Five years later, the card catalog ontology has been stable for
four years and subjects are an open area of research.

Our main reason to use a subject taxonomy is to narrow a search. This has proven particularly
effective in web catalogs such as Yahoo!, but it brings up an important point: library subject
catalogs, as mentioned in Section 3.3, were developed as a cataloging and shelving method, not
for retrieval. Many of the problems we faced, and solutions we experimented with, took a different
turn since shelving was not of concern to us.

An initial and recurring obstacle we encountered when trying to add a subject taxonomy to the
card-catalog system was in trying to capture the power of description logics to do subsumption
over the subject taxonomy. A more complete discussion of description logics can be found in [5], a
formal treatment in [2], and a comparison to first-order logic in [4]. A brief overview of the nature
of subsumption reasoning in description logics follows, but the reader is strongly encouraged to
review the referenced literature.

A description logic concept describes a set in such a way that membership can either be stated
explicitly or computed. For example, if we define the concept BIRD to be any animal that has
feathers, and define an individual Harry to be an animal that has feathers, then a description logic
will derive that Harry is a member of the set BIRD. Like many representation systems, description
logics make a syntactic distinction between concepts and individuals. In addition, unlike many
representation systems, description logics are capable of reasoning at the terminological level. For
example, if we additionally create a concept called EAGLE to be any animal with feathers and a
sharp beak, a description logic will derive that EAGLE is subsumed by BIRD. While taxonomic
relationships are a fairly common element of most representation systems, description logics
permit describing why one concept is more specific than another. Finally, most description logic
implementations deal with taxonomies very efficiently by caching all subsumption relationships;
as a result, retrieving the individuals of any concept (i.e. the members of any set) is a simple
memory access and requires no computation.

Given a representation and reasoning tool like a description logic, creating a subject taxonomy
seems prima facie simple. We encounter, however, three main problems when trying to integrate a
subject taxonomy with our card-catalog ontology:
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1. In a description logic, subsumption is only computed for concepts. In order to exploit the ex-
isting power of these systems, the objects to be arranged in a taxonomy must be concepts. A
subject taxonomy must, therefore, be a taxonomy of concepts as shown in Fig. 2.

2. The only kind of relationship permitted between a concept and an individual is instance-of (i.e.
member-of). This derives from the interpretation of a concept as a unary FOL predicate, and
an individual as an FOL object symbol. The only way to link a particular book to its subject
would be by making the book an instance of its subject, as shown in Fig. 3.

(seienee ) (e )
NS

(" comsci ) ( opera )
NN

=i ) ( arama )
N S N

Fig. 2. A concept taxonomy of subjects.

PERSON Chris
T

"Book-1l is an AI?"

Fig. 3. Individuals can only be instances of concepts, which has an accepted linguistic interpretation.
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3. Most library electronic card catalog systems treat subjects as attributes of books, e.g. a book
has an author, publisher, etc., and a subject. Role (attribute) values must be individuals, which
would require that subjects be represented as individuals, as shown in Fig. 4. This, too, derives
from FOL; roles are binary FOL predicates, and a concept (as a unary predicate) cannot itself
be predicated, therefore it cannot be the value of a role. From the perspective of our ontology,
treating subjects uniformly as individuals would allow other individuals to be subjects. A book
review article, as shown for example in Fig. 4, is about the book being reviewed — the subject is
another book. This is obviously ignored by existing library systems, and web catalogs like Ya-
hoo! do not treat subjects as attributes, but merely as a taxonomy.

In a subject taxonomy, when we try to classify a book under a particular subject concept, for

example in Fig. 3 we represent “Al” as a subject, then in order to identify Al as the subject of a

particular book, BOOK-1, we have to make BOOK-1 an instance of Al. This seems simply un-

natural from an ontological perspective; no book is an instance of Al. The problem here stems
quite simply from an attempt to overload the instance-of relationship to mean has-subject.

Further analysis reveals what may seem like a trivial solution: concepts in description logics are
epistemological primitives that denote sets. What we mean by the concept Al, therefore, is the set
of all things whose subject is “Al”. The confusion with calling BOOK-1 an instance of Al is no
more than with choice of names: “AI-BOOK” would better reflect the ontological interpretation
of this concept.

Taking this conclusion further reveals something about our electronic card catalog ontology
(described in Section 2.3). We claimed this ontology was a “radical departure from the current
paradigm in library catalog systems”, and now we begin to see why. Our ontology does not deal
only with books. It deals with documents in general as well as with people, places, events, or-
ganizations, etc. We would like to classify all these types of objects by subject: businesses in Al,
people interested in Al events (such as conferences) on Al, etc. Renaming the concept, then, does
not solve the problem unless we create a duplicate subject taxonomy for each thing that can be
classified by subject; e.g. as shown in Fig. 5 there would be an entire subject taxonomy for people
that included the “Al-Person” concept, and also hierarchies for companies, labs, events (like
conferences), etc. In addition, these subject concepts are all connected in some way. The concepts
“Al Book™ and “Al Person” are related, yet there is no way in general to say “x Book” and “x
Person” and “x Company”, etc., are all related because they all have to do with x as a subject.

Chris

interested-in

about

Book-1 article-4

about

Fig. 4. When subjects are attributes, it becomes possible for objects other than traditional subject categories to be subjects.
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C science-book ) Cscience—person) C science-org >

( compsci—book) (compsci—person) ( compsci-org )

? ?

( ai-book H ai-person H ai-org

Fig. 5. Alternate naming scheme requiring multiple redundant taxonomies.

Again, this problem does not appear in libraries, or even in Yahoo!, for the simple reason that
they are only concerned with books (or web pages). Note further that these problems are not
merely created by the choice of representation system. Representing the subject hierarchy as sets
and subsets in FOL would have the same drawbacks, unless one chose not to represents sets in the
traditional way (as unary predicates).

4.1.2. Concept-individual pairs

After encountering these initial obstacles, the next approach we experimented with was to have
every subject represented by a concept-individual pair (for those versed in description logics, note
that this is not a “meta-individual” [5]). At first glance, this seems to solve our problems: objects
are no longer instances of their subjects, and the individual part of a represented subject can be
predicated. It creates a problem, however, because the subject information is not passed down the
hierarchy as one would expect.

We would expect, for example, a query for “Books about Computer Science” to return a list of
all books about computer science, and also any books about any of the subjects below computer
science in the taxonomy, including books about Al. In order to achieve this, either objects must be
restricted to be about only one subject (which is not desirable), or the description logic would
require the SOME operator [33] (which many do not provide due to its complexity). With the
SOME operator, this query would be:

(AND BOOK (SOME ABOUT CompSci))

The problem would then become that, while some of the subjects of an object would appear as
role values, the “inherited”” ones would not. In the example shown in Fig. 6, AI-IND and
PHYSICS-IND are the fillers for the about role on Book-1, however COMPSCI-IND is not, even
though Computer Science should be considered a subject. Queries, therefore, would need to take
this into account and not use the role values at all, which puts us back to using the concepts and
treating individuals as instances of their subjects.
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Fig. 6. Representing subjects as a concept-individual pair does not cause the expected inheritence of more general categories.

Another problem with this approach is that it is not entirely clear what things are. The instance
parts of the subjects (e.g. AI-IND) are instances of SUBJECT and so perhaps they are the subjects
themselves, but what are the concept parts? Are they simply taxonomic placeholders or do they
have some meaning beyond that?

This representation would be quite a bit less efficient than the first approach in focusing a
search on objects in a certain subject area. Despite these drawbacks, this is a possible solution,
given the SOME operator.

4.1.3. Subject-based instantiation

Another alternative is to alter the syntax and semantics of description logics to include a
special relationship between individuals and their subject concepts, as shown in Fig. 7. Again,
description logics define only one link between individuals and concepts, the instance-of link. This

instance

Chris —
has-subject-class

Fig. 7. Creating a special syntax for subject classification.



C.A. Welty, J. Jenkins | Data & Knowledge Engineering 31 (1999) 155-181 171

link is part of the syntax of the language, and has nothing to do with roles, which can only link
individuals to each other. A special has-subject-class link would require fairly extensive modifi-
cations to the language, since operationally it would behave precisely as the instance-of link with
respect to subsumption, yet would need it’s own record keeping and so forth within the imple-
mentation.

This approach lacks the ability to deal with the third problem above (treating subjects as values
for the about role), and like the others pushes a lot of interpretation onto the user interface. We
are not currently considering it due to the complexity of the implementation changes required.
Other groups may be trying this approach [25].

4.1.4. Subject things

The next solution we considered, and actually are still using due to its simplicity (see [42]),
returns to the basic idea of the first approach (Section 4.1.1). Recall the observation that what we
really mean by a particular subject concept, e.g. “Al”, is the set of all things whose subject is AI, be
they books, web-pages, people, organizations, etc. The problem, then, may be no more than one
of choosing the proper name. While “set-of-all-things-whose-subject-is-Al” is operationally a bit
cumbersome, “AI-THING” seems to fit the bill.

In this approach, a book on AI becomes an instance of both the concept BOOK and Al-
THING, a person interested in Al becomes an instance of both PERSON and AI-THING.

Through experimentation, we found this approach also allows the succinct expression of rules
for propagating subject information. For example, it makes sense to say, “A person who writes a
book about Al is interested in AI”. It is difficult to express this rule using the previous techniques
(see [40]).

This solves the first and second problems by slightly altering the way subjects are considered
and pushing any interpretation onto the user interface. It does not deal with the third problem of
individuals as subjects at all. We cannot make a book, or a person, the subject of anything.

4.1.5. Subjects as instances

We then considered making a rather major shift in our thinking by focusing on how to solve the
problem of allowing individuals to be subjects as well. There are numerous reasons to do this,
such as a book review article whose subject is a book, or a biography whose subject is a person. If
our ontology is to be consistent, then if it is possible for a subject to be represented as an indi-
vidual, all subjects should be represented as individuals. If subjects are individuals, does this mean
that they exist, the same way that a book exists?

These considerations led us to initially conclude that, in fact, the subject of a book does exist
and that all subjects should be individuals. We think, in this approach, of subjects as individuals
that correspond not to concepts in a taxonomy as in the Concept-Individual Pairs approach, but
to each item to be classified by subject. That is, for each individual that has some sort of subject
classification there is an individual that represents the subject of that item.

We then represent a hierarchy of subject types as concepts. In previous approaches, these
concepts represented the subjects themselves; if a book was about “AI”, then the book would be
an instance of the Al subject concept. In this new ontology, the concepts represent categories of
subjects, and the individuals represent a thing that the book is about. This has a similarity to the
etymology for subject and topic discussed in Section 3.1; the concepts in the hierarchy are what
Aristotle called topics and the individuals are the subjects, which are “thrown under” topic
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headings. The objects (books, people, etc.) themselves not classified directly by subject, but have
an about (or interested-in) link to their subjects. Any object can be a subject, as well.

A simple example of classification in this manner is shown in Fig. 8. In this example, Person-1 is
Ernest Hemingway, Book-2 is The Old Man and the Sea, Book-1 represents a biography of Ernest
Hemingway, and Person-2 is the author of the biography. Each book has an associated subject
that it is about. The subject is always an individual, and will be an instance of all the concepts that
represent topics under which the subject falls. In the case when a book or (as in this example) a
person is the subject, the object that represents that book or person is the value of the about role.
This condition is sufficient to make the object an instance of the concept SUBJECT; in other
words, if x is about y, then y is a subject. This inference is shown as a dotted line in the figure.

What first prevented us from representing subjects as individuals was that we wanted to exploit
the power of description logics to deal with our subject taxonomy automatically. One of the
principal reasons for representing the subject hierarchy, as mentioned in Section 4.1.1, was to
enable the user to narrow a search based on the subject. It seemed that representing subjects as
individuals was mutually exclusive with maintaining a taxonomy of subject concepts. This on-
tology seems to account for that in an elegant way, and seems to address all the problems of the
previous approaches.

This is a very different approach than any of the others we tried, however, and led to an in-
teresting issue: is the subject of each object unique? If so, then how do we represent the fact that
there are many books about the same person? If not, how do we represent the fact that a book
may be about more than one person? A related issue is, when a book is about more than one
thing, does it have more than one subject?

These questions led us to drive the topic hierarchy deeper into more fine-grained areas. For
example, if we take the position that a subject need not be unique for each object, then it is clear

{ document ) object

{ book ) person
author

R i \

I Book-1 ‘ Person-2 o \Y__, //
]
I

| N/
l about :
:
Book-2 Person-1 f-----------"
author
about

Fig. 8. Creating a unique subject for each document, and classifying the subject under a taxonomy of topics, which allows for other
individuals to be used as subjects.
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that all books about Hemingway have the same value for their about role. It is not clear what
happens in the case of multiple books about Al: do all such books have the same subject, or is
each one different? For this issue, we believed perhaps it was a question of granularity; it is
probably not the case that two books about Al are about the same thing (as giving them the same
value for the about role would imply), but if we had more specific topic concepts representing sub-
fields of Al, perhaps it would make more sense to share subjects among multiple objects.

In pursuing this course, we encountered numerous problems as our topic hierarchy pushed
down into more fined-grained levels. We found that the representation becomes incredibly messy,
and the taxonomy loses cohesion. Is, e.g., “ontology” a sub-field of “knowledge representation”
and ““philosophy?” Is “formal ontology” a sub-field of “ontology”’, or vise-versa? Are “ontologies
for part-whole relations” really “ontology” or are they “epistemology”, or both, or neither? Our
experience has been that the LCC, Dewey, and Yahoo! subject hierarchies are so coursed grained
for good reason: it is incredibly difficult to push these structures past a certain point.

4.2. Other views

At the time of the Formal Ontology in Information Systems (FOIS) meeting in Trento, we were
experimenting with the ontology in the form described in the previous section (see [40]). At that
fruitful meeting, and afterward through email, we benefited from exchanges with other experi-
enced ontology researchers. Some of their informal observations are quoted below.

4.2.1. Subjects as social artifacts
In the course of attempting to draft a taxonomic index of Al subjects for AAAI, Jon Doyle
commented:

It became clear to me that the main organizing principle for indices, at least for most people,
is sociological. That is, one structures the index not to reflect conceptual relations, but to re-
flect things like what populations of people like to work together, what do they think of as the
current main topics of interest, etc. [12].

This is similar to the sentiments of DeMorgan [9], and also sheds light on the problems we were
having in pushing the topic hierarchy down into more specific areas. In addition, as a consequence
of the social nature of topic organization, the stability of a particular section of the hierarchy
seems to be directly tied to the field’s maturity.

David Israel had a similar intuition:

[Subject] phrases like “‘universal algebra,” ‘high-energy particle physics,” ‘vertebrate zoology,’
have the logic of mass nouns — like ‘mud’ — not count nouns or sortals. Note also they’re am-
biguous as between the topic/subject/field and activities engaged in the topic/subject/field
(E.G., ‘He been doing a lot of mathematics lately.”), and that activity words are also mass-
noun-like (E.g. ‘He is been doing a lot of walking lately.”). Put all [this] together and what
you get is: [subjects] are rooted in the ontology of activities [23].

Existing libraries have recognized the social aspect of subject categories in a limited way.
Charles Martel, mentioned in Section 3.4 as the developer of the rules for the LCC, acknowl-
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edged, “When in doubt for a primary classification, we often classify books based on what the
author does...”” [29] One motivation for Ranganathan’s COLON system was apparently the need
to represent the changing nature of subjects over time [34]. Recent research in citation and co-
citation indices also acknowledge that a “field” of study is defined by the activities of the people
who are in the field.

4.2.2. Subjects as qualities

Another important aspect of the ontology in Section 4.1.5 is the claim that the subject of each
book exists. Nicola Guarino has done seminal ontology research into the nature of object qual-
ities, such as color, size, etc., and observed:

From the philosophical point of view, the idea [of a subject as an extant object] is similar to
the choice of admitting individual qualities, i.e. instances of determinables like color, size,
and, in this case, genre and subject, which are unique for each particular object. This has been
recently proposed in [17]. However, the problem in this case is that subject and genre do not
seem to be true determinables, in the sense that they rather express a ‘full-shaped’ relationship
between books and areas of knowledge. The problem is similar to that of choosing between
attributes and relations in an ER diagram: is subject an attribute of a book, or a relationship
between two independent entities, namely the book and something else?”’ [18].

Most implemented systems that do deal with subjects have chosen to make subjects attributes
(in an ER sense) instead of relations, however our ontology makes about a full relation, and this is
similar to the claim that the color of each rose exists. In the latter case, the color of ROSE-1 (a
particular rose) is COLOR-1 (a particular color), which is an instance of the quality RED-
COLOR. The problem with this analogy is that a subject instance (SUBJECT-1, an instance of
CHEMISTRY) is not clearly a determinable quality the way COLOR-1 is.

4.2.3. Subjects in CYC

Outside of the library community the only other group we found that is investigating the
formalization of subject classification is at Cycorp. Cyc ontologies contain axioms for deriving
subtopic relations in order to answer queries. We should note again that our purposes are clearly
different; while Cyc seeks to provide access to the information content of documents, we seek to
provide access only to the documents. Going back to our scenario in Section 2.4, our system
provides the information to help a user find the documents that may contain answers to the
question, “Was it common for government officials during the American Civil War to mention
government business in personal correspondence?”’ Cyc, on the other hand, would seek to answer
the question.

This may seem like a dramatic difference in ontology goals, however it is actually just one of
granularity. Our claim that this is a card catalog for digital libraries, and that we are incorporating
SGML (or XML) markup into our ontology in order to be able to deal with document parts,
implies that we may have to consider classifying these parts of documents. For example, a book
with several chapters, each of which is a separate paper treating a subtly different topic, should be
represented as the aggregation of the different chapters each with its own subject. If that is the
case, it might be desirable (or even necessary) to represent sections of each chapter with unique
subjects, or sub-sections, or paragraphs, or even sentences.
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We are endeavoring to avoid extending the subject representation to such a level, but avoiding

this may not solve any problems. Cyc, obviously, does not avoid this issue, and Fritz Lehmann
has some experience with axiomiatizing the derivation of subtopic from parts of a document:

Subtopic is like part, but the subtopic relation is a very specialized kind of part relation, if it is
a part relation at all. Subtopic is of at least two kinds, task-related and general. A topic may
be a relevant subtopic given a certain task; or, there may be a general subtopic as in the Dew-
ey Decimal System, LC, COLON, Bliss classifications, thesauri, etc. The latter kind is also
task/purpose related, but it assumes ‘general purposes’. If you’re fixing a sink, certain subtop-
ics of ‘sink’ are relevant, like tools for fixing it, codes governing the repair of sinks, methods
for repair, etc. Others are irrelevant, like when the sink was invented, decorators’ ideas on
sinks, whether there are sinks in Kamchatka, etc. But for a scholar, these might be quite rel-
evant. Subtopic is clearly faceted, ‘18th Century Japanese Lead Statues’ has time, space, sub-
stance, process facets, i.e. it can be specialized along several different dimensions or facets....
Subtopic is not subclass. The Shoe-Sandal link is legitimately both, but Shoe-Heel, Shoe—
Shoemaking, Shoe—RussianShoeMarket, etc. obviously are not. Subtopic may be derived,
with care, from certain sub-class, instance-of, and other links, but this can get subtle. Rele-
vant-subtopic may not be transitive. If you're interested in ‘The Mating Habits of Modern
Americans’ as a topic, you probably aren’t looking for ‘Sex Acts of Texas Serial Killers’, even
though it is logically subsumed. [26].

Although there are several important points here, the critical one is that subtopic may not be

transitive. It was this observation that helped us to escape the traditional view of subject hier-
archies and formulate the new view of subjects presented below.

4.3. Further discussion

Based on the work cited in the previous sections, these are the main points of interest regarding

an ontology of subjects:

1.

Subject classification is inherently hierarchical. This hierarchy may be taxonomic, mereologi-
cal, or something else. The etymology of the word vis. Aristotle is mereotopological (topics
are a ““place” where subjects are found). The sub-topic relationship may not be transitive.

. Subject hierarchies are not conceptual. They derive from “folklore” more than from any spe-

cific theory of knowledge. At the higher levels, we may reach some form of agreement regard-
ing the organization of e.g. the sciences, but this seems to be dependent on the maturity of a
field. The more specific category breakdowns (is “formal ontology” a sub-topic of “know-
ledge-representation”?) are personal, and may even vary depending on an individual’s needs.

. Subjects are not just for books. They can be used to classify people, events, organizations, etc.

In these cases, the association with a subject is related more to the activities that are performed
than to any specific content. It should be reasonable, however, to classify a person who writes a
book “about” ontology as someone ‘““interested in”’ ontology. One of the problems here is that
once the activity of writing the book has ended, it may very well be the case that the person is
no longer validly “interested in”’ the topic (most Ph.D. students would admit to this condition
after finishing their theses). Therefore any true theory of propagating subject must take this
into account.
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4. Subjects can be faceted. All library classification systems support faceted subject categories, be-
cause the “politics of physics” may not be of interest to someone looking for books about pol-
itics. Note, however, that the origins of subject facets are in the need to bring books with
multiple topics under a single subject heading. With this requirement removed, do facets simply
become membership in multiple categories?

5. Subjects can be real things. If the subject is considered to be “that which a book is about,” then
clearly a book can be about Science and a book can be about Hemingway. The former case is
the usual subject classification, however the latter case becomes complicated by the library on-
tology presented in Section 2.3 — how do we then relate Hemingway the author to Hemingway
the subject. Are they the same thing?

6. Subjects may or may not exist as individual qualities. Using a representation like that presented
in Section 4.1.5, does a book with multiple subjects imply the existence of multiple qualities, or
is it a single quality that is classified under multiple categories?

7. Subjects can be propagated. It is useful to conclude, as mentioned above, that a person who
writes a book “about” ontology is a person who is “interested in”” ontology. In addition to is-
sues of changing information, how far does the propagation carry? If a person writes a review
of a book about ontology, is the review about ontology? This is clearly not the case for people:
a book about Hemingway may not include his interest in fishing. Is this simply because books
have limited topics? What about an encyclopedia?

8. General Topics have a different semantics. The “general works™ facet provided by library sub-
ject classifications (potentially) on any subject category, is supposed to account for textbooks
that survey a field, and compendiums that are about a group of sub-topics. For example, imag-
ine classifying the Proceedings of IJCAI-97. The book itself contains articles in almost every
discipline of Artificial Intelligence. It would normally seem reasonable to classify this under
the heading “Artificial Intelligence (and so it is). If a person is searching for ““books about
neural networks” and “‘neural networks” is a sub-topic of Al, do we exclude the IJCAI-97 pro-
ceedings since it is in a more general topic, even though it contains articles that are relevant?
Perhaps for this case the answer is simply that cataloging the book and not the articles is
the wrong granularity, but what about a textbook on Al that discusses neural nets?

We have tried to address as many of these points as possible in the new approach presented below.

5. A place for subjects

After careful study, taking into account the deep history and the many problems we encoun-
tered with subject classification in this research, we propose throwing away the traditional notion
of subjects as taxonomic and returning to Aristotle’s definition of topic as a “place”. In a digital
library, not only can a book be in many places at once, but those places can have unlimited size,
unlimited dimensionality, and can come and go dynamically as people create new places based on
those that exist. Furthermore, there is no reason why these spaces could not be tailored to suit the
needs of a particular individual or group.

5.1. Relations

In this multi-dimensional space, topics (as places) can be related to each other by all the
standard mereotopological relationships: contains, overlaps, borders, near, and far. In a purely
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relational representation, all these relations except contains are reflexive, however a more robust
representation could include the degree of overlap (which is not reflexive) and the distance for
near and far. This information could be determined dynamically over time through active usage
data, and could be personalized, which is similar to the ideas presented in recommender systems
[35]. Each time a user travels from one place to another those places will be made closer to each
other. Frequently traveled pathways would become “worn” over time, like a footpath through
grass, leading others to go the same way.

The topics that are normally agreed to be taxonomic (e.g. ““‘Physics is a sub-topic of Science”)
are actually contained, and contains is known to be transitive. The areas that cause difficulty and
confusion in the traditional taxonomic view represent overlaps and bordering topics, explaining
the cases where sub-topic is not transitive. The related-to relation is actually two topics that
overlap, border, or are near each other.

5.2. Topical organization

People and other objects when interested in a topic would also be “located” in those places,
from the perspective of the catalog, and of course can be in many places at once. When a book is
placed under a topic, the author will be “dragged along” to that place as well. Furthermore, as
people’s interests change, they could move from place to place, although this aspect would need to
be considered carefully. It may still be useful to associate a person who once worked in an area
with that area, even if she no longer is really “there”.

Note that while it is easy to imagine such a catalog with a visual interface that represents
different objects (e.g. books, people, etc.) with different avatars, we are not proposing a ‘“chat
room”. The presence of a “person’ in a particular “place” (topic), would be a fairly static object
about which a user could gather information. This is merely a different way of viewing and
thinking about the catalog.

Facets of topics would become sub-areas or overlaps, or standard ways of arranging places.
Books on the “history of chemistry”, for example, could be in both the history place and the
chemistry place, a place that represents the overlap between the two, or some designated region of
the chemistry topic.

When topics are considered places, the neighboring regions can be organized such that objects
which may also be relevant to a search are located nearby (i.e. topically). General works, then,
could always be positioned close by, but still on the periphery, of all the sub-topics they deal
with.

Note that the underlying representation of topics as places is very similar to the approach
presented in Section 4.1.5. However, some changes to the reasoning will need to be made to in-
corporate the mereotopological relationships more accurately. We have replaced the notion of
class membership with the notion of location, an idea that is gaining stronger and stronger
support in the ontology community [36].

5.3. Linguistic evidence

A feature of this ontology is the degree to which it agrees with natural language. Objects that
deal with a certain topic will be about the topic, and here both meanings of the word “about”
apply. Very specific topics will be treated as narrow spaces, and more general ones will be larger,
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with subjects being arranged topically. Again, both meanings of “topical’” apply. Note also how
this view captures the multiple meaning of ““area”, as in a “‘topic area” and an “‘area of space”.
The words “field”, and ““domain”, also have the same dual meanings that become unified with this
ontology.

We have attempted to be careful about using the word ““subject” and ““topic” slightly differently
here. In fact, the previous paragraph is the first to use the word “‘subject” within this section. Like
our ontology in Section 4.1.5, we treat subjects and topics differently. At this time, we believe that
where topics define regions of space, subjects may be points within those regions. The subject of a
book is its precise location within the topic space. A book considered to have multiple topics will
be located in multiple places.

5.4. Formal ontology in a description logic

In our initial experiments with this ontology, we have chosen to represent topics as individuals
that potentially have any of the mereotopological relations defined in Section 5.1. We have
specifically not used coordinates to define strict spatial regions, because we believe our regions are
n-dimensional, with » unknown.

Our basic card-catalog ontology (discussed in Section 2.3) introduces types such as PER-
SON, EVENT, DOCUMENT, etc. We augment this ontology with several new concepts for
the purposes of subject classification using our mereotopological approach: TOPIC and
SUBJECT.

Individuals of TOPIC may be related to each other by the relations sub-topic (which corre-
sponds to contains; inverse: sub-topic-of), overlaps (inverse: overlaps), borders (inverse: borders, this
relation is currently unused in our experiments), near (inverse: near), and far (inverse: far). In-
dividuals of SUBJECT may be related to individuals of TOPIC by the located-under relation
(inverse: contains-subjects), as well as by near and far. Individuals from the basic ontology can be
related to individuals of SUBJECT by the location (inverse: location-of) relation.

The ontology also includes several axioms that are useful for deriving specific relationships
between individuals:

e If a SUBJECT is located-under multiple TOPICs, then the TOPICs overlap.

Vs, t1, 2 located-under(s, ¢1) V located-under(s, t2) — overlap(z1, £2)
¢ Individuals are about the TOPICs their SUBJECTSs are located-under.

Vx, s, t location(x, s) V located-under(s,z) — about(x,?)
e far is transitive over located-under

Vs, t1, 2 located-under(s, ¢1) V far(z1, 2) — far(s, £2)
o contains-subjects is transitive over subtopic

Vs, t1, 12 subtopic(t1, 12) V contains-subject(¢1, s) — contains-subject(z2, s)
e about is sufficient to be a TOPIC

Vx 3 y about(x, y)— topic(y)
Note that near and overlaps are not transitive over located-under. It is possible for an individual of
SUBJECT to be located-under a TOPIC that is near (or overlaps) another TOPIC, but the
SUBJECT is not near (or overlaps) the second TOPIC. In other words, TOPIC regions may be
large enough for two locations within the region to be far from each other.

Fig. 9 shows a simple example of the usage of our ontology.
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AT Philosophy
contains contains
KR Ontology
located-under overlaps——— Formal Ontology overlaps located-under
T
located-under
|
Subject-34
location

|
Article-15

Fig. 9. An article about Formal Ontology that lies in the intersection between KR and Ontology. Although inferred relationships are
not shown, one result of this classification of Article-15 will be that KR and Ontology overlap.

6. Conclusion

We have presented a perspective on a digital library project which seeks to incorporate some of
the potential advantages implied by digital libraries into an intelligent card catalog system. Re-
quiring the ability to classify not only documents, but people, objects, places, and events, by
subject, our system will support a new paradigm of intelligent browsing.

Central to this system is a proper representation of subjects — not only an accurate hierarchy of
topic categories, but a thorough understanding of what a topic and a subject is. We have reviewed
a great deal of history of subject classification in philosophy, library science, and the recent at-
tempts at building an ontology for subjects.

Inspired by the origins of the word itself, we proposed and briefly explored the view of topics in
a digital library as multi-dimensional spaces. The objects in these spaces have no limits on the
number of places they may appear in, and the spaces have no limit on the other spaces they may
border, contain, be contained in, or overlap with. In addition to these formal mereotopological
relationships, we also proposed using empirical data to represent the degree of overlap between
topics, when appropriate.

7. For further reading
[14], [15], [19], [21], [32].
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