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Maintaining a thesaurus is a time-consuming task which should
gohand-in-hand with the indexing of information and should be
supported by software. To connect different document data-
bases their respective thesauri should be related. The most
straightforward way to support this by computer is to map the
terms of one thesaurus to those of another. Such a mapping
creates one kind of metathesaurus. Ascitationsystemsare ex-
tended to include full-text online, a new thesaurus may be used
to index individual paragraphs of a document, and a meta-
thesaurus may apply to a universe of paragraphs. To illustrate
these principles several computer systems are described which
help people maintain thesauri and metathesauri. Particular
success has been had by the National Library of Medicine with
its Medical Subject Headings and its Unified Medical Language
System. k

(Author)

1. Introduction

The advent of computerized information systems has
increased the importance and practicality of large-scale,
well-developed thesauri. Furthermore, the communica-
tion networks in the world make connecting one
thesaurus to another important. How can these
thesaurus systems be maintained in a way that is sup-
ported by the computer? This paper addresses the soft-
ware side of the thesaurus maintenance problem.

2. Thesauri

The effectiveness of a retrieval system is largely de-
pendent upon the document classes in it. These classes
may be based on terms from an indexing language (12).
One of the most popular forms for an indexing language
is a thesaurus. A thesaurus is a set of concepts in which
each concept is represented with at least synonymous
terms, broader concepts, narrower concepts, and related
concepts (5).

2.1 Principles

In the development of a bibliographic citation system,
one dilemma is whether to build a thesaurus first and
then use it for indexing the documents or to index the
documents by free terms and then construct the
thesaurus after accumulating free terms. As is often true
in life, the middle ground is particularly attractive, and
that means in this case building a thesaurus and indexing
documents hand-in-hand.
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An institution which indexes many documents and
maintains a large thesaurus may have a special staff for
thesaurus maintenance. This thesaurus group consists of
experts in the domain of the literature to be processed.
These experts have a grasp of the terminology and
semantic subtleties of the subject field. The thesaurus
group is responsible for collecting index terms, and
making the thesaurus as up-to-date as possible for the
index group. The index group indexes the documents
according to the latest version of the thesaurus and sug-
gests new index terms to the thesaurus group.

2.2 MeSH Maintenance

At the National Library of Medicine, which indexes
about 300,000 documents per year, about 100 people are
devoted to indexing. About a dozen index terms are as-
signed to each document, but an indexer is expected to
spend only 15 minutes on each document. The indexing
staff is complemented by a thesaurus staff of about 5
people. The thesaurus, the Medical Subject Headings
(MeSH), which they maintain includes about 15,000
main headings in an 8-level hierarchy.

While the instructions to indexers emphasize that they
must base their indexing work on the whole document
rather than on just the title and abstract, protocol analy-
sis has revealed that in fact the indexers place a heavy
emphasis on terms available in the title and abstract. The
thesaurus staff also give great heed to the terms in the
bibliographic citation (which contains the title and ab-
stract but not the full article). Accordingly, indexing by
mapping terms from the citation against the thesaurus
can often produce correct index terms for the document
(18)' . .

The strategy for maintaining MeSH at the National
Library of Medicine proceeds along three parallel paths:

* If an indexer does not find a needed concept in the
thesaurus, then theindexer proposes a new term. The
indexer uses a special paper form from the thesaurus
group to indicate the details of the request and then
a thesaurus specialist investigates the feasibility of
this proposed change.

* The thesaurus specialists annually review the usage
files for MEDLINE (the database for articles in-
dexed with MeSH). If a MeSH concept is not used
in indexing, then the concept is a candidate for re-
moval from the thesaurus.
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* The thesaurus group each year reviews one or more
areas of biomedicine. For instance, recently the bi-
otechnology sections and medical informatics sec-
tions of MeSH were reviewed and updated.

The largest number of changes which occur to the
thesaurus traditionally originate from indexer sugges-
tions. But whatever the route to a proposed change, a
thesaurus specialist responds to the proposal and the re-
sponse is reviewed both by the entire thesaurus group
and by a Library-wide committee.

As recently as two years ago, the computer tools for
MeSH maintenance at NLM were negligible. Every spe-
cialist had a computer terminal on his or her desk and
would routinely access MEDLINE to discover the pat-
terns of usage of a term in the literature, but the com-
puter system did not directly cater to decisions about
thesaurus updating. In order that the yearly update to
MeSH occurs, a very difficult set of programs had to be
invoked. Two members of staff would spend several
months meticulously recording the approvedchanges to
MeSH into the database and then preparing a publish-
able record of those changes for the publication of MeSH
in paper form.

About 4 years ago a requirements document was
developed for an improved thesaurus maintenance sys-
tem. This document specified that the system should

* support the recording of information not unlike that
on the set of forms already used,

* beeithereasilyusable by all the peoplewho normally
were involved with MeSH forms or there should be
a parallel paper system,

* produce data that made its way into the thesaurus
files of the MEDLINE system, and

* produce the publications of MeSH.

A prototype system was first developed on dBASE
II1+ because it gave flexibility in database and interface
options. To communicate with MEDLINE was, how-
ever, a problem and conversion routines were needed
to get data to and from MEDLINE.

The Library’s computer division was planning exten-
sive use of the Model 204 database management system
from Computer Corporation of America. The thesaurus
group had hired temporary programmers to implement
the thesaurus maintenance prototype, and the computer
division was not in a position to support a dBASE ITI+
development. To reduce compatibility problems the
decision was made to develop the final thesaurus main-
tenance system in Model 204.

The ‘Model 204’ thesaurus maintenance system has
facilitated record keeping and has removed the months
of difficult labor at the end of the MeSH year. The in-
troductory materfal to the publications — those parts
which summarize the changes to MeSH of the past year
- are relatively easily produced now, whereas they were
difficult to produce before the new system was used. But
the new system has not replaced the use of paper forms
in proposing changes nor in circulating information that
is to be discussed at meetings.

The requirements document noted possibilities which
have not been feasible to implement. It would be
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possible to circulate various requests for changes to
MeSH on the computer and to record on the computer
comments. The voting of individuals could be recorded
as well so that decisions would become automatic.
Critiquing strategies about the structure of MeSH
could be automatically invoked. At the moment MeSH
has at the top-level over a dozensections and some con-
tain thousands of terms while others contain only a few
hundred terms. When a very large thesaurus is accessed
via a computer screen, the user may need to cliange the
contents of the screen many times to find the terms for
a query (27). By balancing the thesaurus the number of
levels required to get to any given concept is less. The

* computer could suggest ways of improving balance.

Finally, additional relations might be added to the
thesaurus. The MeSH system has been refined so that
instances of hierarchical relations are distinguished. But
a variety of non-hierarchical relations are still not part
of the thesaurus. Theories of analogical inheritance
could be applied by the computer to the thesaurus, if
these non-hierarchical relations were present (15,22).

2.3 Other Thesaurus Strategies

The strategies for maintenance of thesauri at other in-
stitutions do not take wide advantage of the computer.
At Elsevier Scientific Publishers, the Excerpta Medica
indexers submit proposals to a senior editor who may
then order thesaurus changes. At Derwent Scientific
Publishers, procedures for changing the thesaurus are
not formalized nor are there professional staff whose
principal task is to maintain the thesaurus.

The market place for electronic directories has wit-
nessed a wide variety of products over the pastfew years
(25). The Yellow Pages provides product and service
information to an enormous audience. Each advertise-
ment may be viewed as a small document. In a typical
scenario, a salesperson has a booklet which lists the index
terms available forclassifying Yellow Pages entries. The
thesaurus only has two levels. When a salesperson needs
a new thesaurus term to characterize a product or serv-
ice, the salesperson sends a request to the editors of the
Yellow Pages. An Electronic Yellow Pages allows access
to information from the Yellow Pages in a more flexible
way (4). To take adequate advantage of such an inter-
face, a stronger thesaurus and thesaurus maintenance
tools are needed.

When small, academic thesauri are made for particular
projects, the methods are often less indexing-based and
more committee-oriented (21). A small committee
chooses terms based on a variety of unstated principles
and produces a thesaurus by hand. If some principles of
good thesaurus structure were more widely recognized,
software tools to guide people in this kind of structuring
might be more popular. Principles of balance and inheri-
tance are not appreciated, and more work is required to
demonstrate the value of such principles.

The major document database systems provide basic
thesaurus update commands (2) but do not guide main-
tenance. BASIS, BRS/Search, and STATUS use the
ANSI standard structure for a thesaurus. In STATUS
one cannot relate one narrower term to two broader
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terms without repeating the narrower term. Main-
tenance of the BASIS thesaurus is done via the Basis
Menu Language as are other manipulations of the
database. BRS/Search provides menu-driven software
for routine thesaurus maintenance, and STATUS pro-
vides a thesaurus handler for adding or deleting terms.
With all three systems it is possible to load a thesaurus
in batch mode. BRS/Search has a verification procedure
to validate recipro cating relationships of terms in the
thesaurus.

Several new systems have been recently developed
which include sophisticated thesaurus maintenance pro-
cedures. The THSRS system can present thesauri
graphically and advices users about changes to the
thesaurus so that the number of criss-crossing lines in
the graphical depiction is reduced (6). The PRESS sys-
tem is intended to support the reuse of software docu-
ments and generates thesauri from a collection of index-
ing forms (1). Some systems avoid the traditional
thesaurus but use linguistic and word-frequency tools to
dynamically generate synonym classes that are com-
parable to those which one would want in a thesaurus
(26).

3. Metathesauri

A metathesaurus transcends a set of thesauri. If people
want to query several bibliographic citation systems
simultaneously, a metathesaurus can help. Historically,
there are many examples of metathesauri. In the 1960’s,
a connection between the Universal Decimal Classifica-
tion and other classification systems was established (7).
The Armed Services Technical Information Agency and
the Atomic Energy Commission have linked their index-
ing languages (28). The National Library of Medicine
has developed the Unified Medical Language System
(UMLS) which connects many of the indexing languages
of biomedicine. The problem is to formulate translation
schemes that preserve the original meaning as much as
possible, while allowing different groups to create or
change their languages with as much autonomy as
possible (13).

In order forallgroups to be able to communicate using
acommon language, each group must either use the com-
mon language itself or be able to translate between the
common language and the group language (see Figure
1). When no common language is shared by groups that
wish to communicate (for example, English and Ger-
man), each pair of groups must be able to have pairwise
translations made into and out of each other’slanguages.
When the common language is the same as all group
languages (for example, Dewey Decimal Classification
Scheme), the need for consensus s large. Since all groups
have to agree on changes, the only changes that are easy
for a group to make will be those that do not affect other
groups or those that are valuable to all groups. With an
external common language (for example, Esperanto), a
group communicates with another by first translating its
language into the common language, and then having
the receiving group translate the common language into
its own group language.
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Figure 1. Group versus Common Language: G is one of the
group languages. Cis the common language.
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No Common English and German

Identical Group Dewey Decimal

External Common Esperanto

3.1. Mapping

One way to create an internal common language is by
mapping or matching. A variety of rearrangements of
terms can be performed to determine whether a kind of
syntactic match exists between two terms (17). For ex-
ample, a computer program might determine that ‘short-
ness of breath’ is equivalent to ‘breath shortness’ based
on a rule that removes the preposition and inverts the
order (11).

Mapping is easily done by computer, and through this
method a metathesaurus can be maintained. In the first
instance a set of thesauri are connected at a central site
by an automatic mapping. On an annual basis changes
to the thesauri can be collected, and the mappingredone.
While such automated mapping is clearly inferior in the
quality of its product to what could be achieved with
more knowledge-based methods, it is perhaps the only
practical method to regularly updating a metathesaurus.

The International Classification of Diseases (ICD) is
the World Health Organization’s official classification
scheme for world-wide morbidity and mortality. The
Systematized Nomenclature of Medicine (SNOMED) is
a thesaurus for patient records (30). EMTREE is the
thesaurus used for indexing Excerpta Medica. In a pro-
ject of the European Economic Community to connect
patient records with the medical literature ICD and
SNOMED have been mapped into EMTREE (23).

There are fifteen different facets (A through N and Q)
in EMTREE and 17 different classification areas in ICD
which are numbered 1 through 17. A randomly selected
set of ICD terms came from thirteen different ICD classi-
fication areas. They mapped into three EMTREE facets:
C, D, and G. Figure 2 shows the mapping of ICD terms
to EMTREE facets. It is not surprising that an index
matching of ICD terms to EMTREE would result in the
vast majority of EMTREE terms being from the Cfacet,
since the C facet includes Physical Diseases, Disorders
and Abnormalities and the entire ICD tree relates to the
classification of diseases.

Over 50% of SNOMED terms have been directly
mapped to equivalent EMTREE terms with simple
matching rules. First exact matching between SNOMED
and EMTREE terms yielded EMTREE equivalents for
32% of the SNOMED terms. Replacing SNOMED
terms with preferred term equivalents from EMTREE
as defined in the online EMTREE synonym list yielded
another 16% of the SNOMED terms. Reversing word
order of unmatched SNOMED terms yielded another
4% ofthe SNOMED terms. fSNOMED and EMTREE
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terms were morphosemantically andlyzed further
matches would be found (19).
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Figure 2: The dotted lines show the mapping of ICD to
EMTRFF at the top levels of the two tree structures.

An extension to mapping is merging. One type of
merging is illustrated by the Vocabulary Switching Sys-
tem (VSS). The VSS contains the subject descriptors
from 15 indexing languages in the areas of physical
science, life science, social science, and business. With
it, a user is able to automatically generate document re-
quests in 15 indexing languages based on a request in
just one (17). VSS utilizes five file types: term file, word
file, stem file, stem phrase file, and concept file. The
first four are inverted files, and these provide access to
the fifth file. VSS has been shown to reduce search pre-
paration time, improve search strategies and retrieval,
and increase usage of existing databases.

3.2. UMLS

The Unified Medical Language System. (UMLS) was
formally initiated by Dr. Donald Lindberg of the
National Library of Medicine in 1986. The firsttwo years
of the effort were devoted to development of a require-
ments document for the UMLS. The basic assumption
is that (10) if the UMLS is to be improved, it must be
used. Accordingly, the UMLS will be widely available.
To increase availability, UMLS develop ments do not
depend on any particular hardware or software systems.

UMLS has three fundamental components: an Infor-
mation Sources Directory, a Metathesaurus, and a
Semantic Net:
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* The Information Sources Directory contains infor-
mation about publicly available biomedical informa-
tion resources. For each source the Directory con-
tains the source’s scope, vocabulary, syntax, rules,
and access conditions.

* The Metathesaurus contains concepts from a variety
of biomedical vocabularies. Each concept has a
canonical representation that includes a semantic
type. Mappings between different vocabularies are
handled by this canonical representation.

The Semantic Net represents relationships among

the semantic types. For instance, ‘“Virus’ and ‘Or-

ganism’ are semantic types, and they are related by

the ‘is-a’ relationship. The semantic type ‘Disease’ is

connected to ‘Organism’ via the ‘caused-by’ relation.
In the early stages of the Metathesaurus development
generic frames were tried as a knowledge representation
scheme (3) (8). The fundamentals of medical knowledge
were to be manually encoded by experts into this Meta-
thesaurus. After some trials, however, the inability to
create a substantial, useful knowledge base meant
another strategy was needed. '

Lexical matching techniques offered a viable ap-
proach to an early prototype for the Metathesaurus. In
January 1988, a UMLS research group at the University
of California, San Francisco proposed a step-by-step
approach to building a Metathesaurus by beginning with
mapping (29). This first proposal became the plan for
the first UMLS Metathesaurus prototype and is called
Meta-1.

The purpose of Meta-1 is to assist computer informa-
tion retrieval applications and to provide a browsable,
machine-readable reference tool. Meta-1 contains terms
from one or more of MeSH, DSM-III (a thesaurus of
mental disorders), SNOMED, ICD, and CPT (a
thesaurus of medical procedures). Where possible, the
official name of a concept is the name used in MeSH.
Meta-1 contains all MeSH and DSM-III terms and any
from SNOMED, ICD, or CPT that lexically map to
MeSH or DSM-III. The link between any two terms
from different thesauri is classified as either an identical,
a synonym, or a related link. Human intervention is
required to properly determine whether a link is of the
type ‘related’ or ‘synonym’. After lexically based:map-
pings were ascertained, subject experts reviewed and
revised the mapping results.

'Each Meta-1 record contains three types of informa-
tion: 1) basic facts, 2) relationships, and 3) usage data.
The basic facts include the name of the concept, the
names of the thesauri in which the concept is located,
the semantic type (such as Organism), and syntactic
category (such as noun). The relationships which will
be represented in a record include broader than, nar-
rower than, synonym to, and lexical variant. For each
term, the hierarchy from the root of a thesaurus to that
term is exglicitly recorded in the record for that term.
For instance, the term ‘coronary vessels’ has a record
whose relationship fields include two paths from anat-
omy in MeSH (see Figure 3). The explicit encoding of
this information in each record allows forrapid retrieval
and display of this hierarchical information.
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Two Paths

Anatomy Anatomy

Cardiovascular System | Cardiovascular System

Arteries Veins

Coronary Vessels Coronary Vessels

Figure 3: Position of coronary vessels in MeSH hierarchies.

The usage data for MeSH terms is extensive and in-
cludes a list of the frequency with which a qualifier is
used to modify the term in MEDLINE and alist of MeSH
terms for other concepts that frequently occur in the in-
dexing of the same articles, For instance, if the term
‘coronary vessel’ occurs 200 times with ‘arteriosclerosis’
and 300 times with ‘aortocoronary bypass’ in MED-
LINE, then this information would be available in the
‘coronary vessel’ record.

Meta-1 is a massive information source that occupies
about 100 megabytes. Much of this information occurs
in the form of the explicit hierarchies recorded with each
concept and the frequencies of occurrence that are re-
corded with each concept. An application of Meta-1
could represent the hierarchical information more suc-
cinctly but then require more computation time to dis-
play the hierarchy around any given concept. Due to its
large size Meta-1 is distributed on a CD-ROM.

A HyperCard browser for Meta-1 has been developed
and is distributed by the National Library of Medicine.
To use that interface one must have a MacIntosh com-
puter, but one can use Meta-1 without the HyperCard
interface. The interface is not intended as the tool to
connect Meta-1 to other applications but rather as a way
to better see the information in Meta-1. The Meta-1 in-
formation can be accessed from the CD-ROM and util-
ized without the HyperCard browser. With the Hyper-
Card browser one can point to a concept’s relation to
another concept and then see the new concept on the
screen. Selecting a button labeled ‘co-occurring terms’
causes another window to open which displays the cooc-
curring terms in MEDLINE indexing.

CMIT is a knowledge base of medical diseases with
several attributes for each disease (9). MeSH,
SNOMED, and CMIT were mapped into a relational
data model in one UMLS-related experiment. The over-
all algorithm for merging MeSH, CMIT, and SNOMED
is:

1. Attempt lexical matches between SNOMED, MeSH,
and CMIT disease names, including all combinations
of synonyms and eponyms for a specific disease name.

2. Extract a dictionary of disease attributes, called
semantic primitives, for each disease in CMIT using
various parsing algorithms and use lexical matches be-
tween CMIT semantic primitives and MeSH and
SNOMED synonyms to add synonyms for the seman-
tic primitives to the dictionary.

3. Find all root-to-leaf paths in MeSH relation which
contain two or more MeSH diseases mapped to CMIT
diseases, then compute the intersection of the set of
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semantic primitives for the CMIT diseases in each

root-to-leaf path. This intersection set describes the

node inheritance properties of each root-to- leaf path.

Use this set to decide what CMIT diseases to add to

the MeSH hierarchy.

4. Repeat step 3 till no more diseases from CMIT are
added to MeSH.

This algorithm is able to iteratively suggest a small set
of diseases which may be connected into the meta-
thesaurus via a narrower-than relation, based on the in-
heritance properties of nodes in a root-to-leaf path (20).

4. Individual Documents

Document reuse involves classifying existing docu-
ment components and combining these components into
anew document. A system called Many Using and Creat-
ing Hypertext (MUCH) has been developed to support
this document reuse via a metathesaurus. Each
generated document has an outline which has important
relations to a thesaurus. The system supports collabora-
tive work and indexing and gives guidance on the struc-
ture of the thesaurus. This approach to paragraph index-
ing and documentreuse illustrates the supersetapproach
to a common language. From a global common language
users can acquire local languages.

The thesaurus model may be seen as a set of link ob-
jects. Each link object specifies a source node, link type,
target node, and pointers to paragraphs. A group of link
objects with the same source node form a frame (see
Figure 4) (16). A node-link-node triple is a richer index
for a paragraph than just a node. By placing paragraphs
on the links, one can say that a paragraph is about a
certain relation between two nodes — not just about a
node. The range of allowed link types goes beyond the
ANSI standard types.

hypertext
The history of link objecty
- hypertext can link: has
be .... target: history

paragraph: 77
link object;

Links are the

cornerstone ... link: use

target: links
paragraph: 13

Figure 4: Graph jcal and frame representation arc given side-by-
side to show the frame representation.

Programs to help authors in dynamically generating
various outlines from the thesaurus have proven invalu-
able in guiding the reuse of text and the generating of a
cohesive, new document. The program traverses the
thesaurus and prints a document from the paragraphs
encountered during the traversal. The encountered
terms become the outline of the document. A textbook
has been automatically generated in the aforementioned
way and been published.

A theory of outlines is being developed which relates
to thesauri (14). While an outline is intended to reflect
some model of the world that makes an impact on read-
ers, a thesaurus and an outline serve the same purpose
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of organizing concepts into a hierarchy. An outline has
an ordering among siblings which is not normally impor-
tant in thesauri. Sometimes the character of the hierar-
chical relations in an outline manifest inheritance prop-
erties and thus reflect what should be true of thesaurus
relations. Atother times, the outline is like the high level
of a thesaurus in that it identifies the facets of a topic
rather than the hierarchical relations.

The ongoing experiments with the MUCH system
occur on a network of Unix workstations with a proto-
type document reuse tool that has a relational database
backend and an X-windows interface. The systemsup-
ports both creation and accessing of hypertext and text.
Users can register complex discussions and annotations
within the system. Search facilities as well as browse
facilities are available. Rough notes may be entered and
donotneed to be attached to the thesaurus. Asall entries
in the database are tagged with the name of the person
who entered them and the date of entry, certain types
of retrieval can be done independently of the thesaurus.
Text-to-hypertext and hypertext-to-text tools have been
incorporated in the prototype. The direct-manipulation
interface allows usersto select a link object and be shown
a paragraph or conversely. The outline is dynamically
generated, and users can select a topic in the outline and
see the paragraphs associated with the corresponding
link object. The role of the thesaurus is being explored
in this new environment.

5. Conclusion

The long-term goal of the MUCH project is to create
a thesaurus-based document system which facilitates all
aspects of thesaurus and metathesaurus maintenance.
The MUCH system also supports direct communication
among people. While tools for automatically building
thesauri from text are part of the MUCH armamentar-
ium, the resulting thesauri are not adequate for many
purposes. Painstaking human effort is required to devel-
op agood thesaurus. To maintain a thesaurus is a difficult
job that succeeds only when the thesaurus is regularly
used and is changed in response to feedback from users.

A metathesaurus contains other thesauri — leaving
them intact — and offers a rich, connected view across all
the thesauri. The methodology for connecting thesauri
must take advantage of the richness of information in
the thesauri and not require substantial human labor. In
this way users can be informed of the systematic strate-
gies underlying the thesauri and modifications to
thesauri can be readily recompiled into the system.

The directions to take in developing the thesaurus and
metathesaurus approach to information are multiple.
Directorate XIII-B3 of the European Economic Com-
munity has collected a list of about 1,000 thesauri in
prominent use in the world. Connecting the thesauri that
have been cataloged by DG XIII-B3 and allowing easy
access by users could be an enormous benefit to those
who want to share terminology. The Commission has
outlined a five-step procedure to create this
Metathesaurus which the Commission calls the ‘Multi-
function, Multilingual Thesaurus Database’. Major pub-
lishers are developing hypertext systems that include ci-
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tation databases but also the full text of the documents
which are cited (24). After the user has browsed a
thesaurus and through it found relevant citations, he or
she can elect to browse the relevant documents. The role
of the thesaurus in browsing facilities for a single docu-
ment is only partially understood.
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