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Abstract
This paper sets forth a framework for the use of thesauri and
ontologies as knowledge bases in cross-language retrieval.  It
provides a general introduction to thesaurus functions, structure,
and construction with particular attention to the problems of
multilingual thesauri.  It proposes the creation of environments
for distributed collaborative knowledge base development as a
way to make large-scale knowledge-based systems more afford-
able.
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1 Introduction

A thesaurus is a structure that manages the complexi-
ties of terminology in language and provides conceptual
relationships, ideally through an embedded classifica-
tion/ontology.  This paper will

 give a tutorial on thesaurus functions and structure;

 present a concept retrieval perspective - concepts
bridge languages in retrieval;

 argue the perspective that cross-language retrieval is
also cross-cultural retrieval.

The paper covers thesaurus functions beyond retrieval;
in retrieval, it considers any kind of object, not just text.  

We start out with some definitions (Figures 1a and 1b)
and then give examples illustrating thesaurus problems and
thesaurus structure (Figures 2 and 3).

Cross-language retrieval is the retrieval of any type of
object (texts, images, products, etc.) composed or
indexed in one language (the target language) with a
query formulated in another language (the source lan-
guage).   There may be any number of source languages
and any number of target languages.  Queries can be
written or spoken or constructed by selections from a
menu presented in the source language.

Text retrieval (broadly defined) is the retrieval of text,
written or spoken. (While text retrieval has come to mean
retrieval of written text, and speech retrieval retrieval of
spoken text, the broad meaning of text used here follows
usage in linguistics).

Free-text retrieval is text retrieval based on the text
itself without index terms or other cues.

Fig. 1a.  Definitions: Retrieval

A dictionary is a listing of words and phrases giving
information such as spelling, morphology and part of
speech, senses, definitions, usage, origin, and equivalents
in other languages (bi- or multilingual dictionary).

A thesaurus is a structure that manages the complexities
of terminology in language and provides conceptual rela-
tionships, ideally through a classification/ontology.

A thesaurus may specify descriptors authorized for in-
dexing and searching.  These descriptors then form a 
controlled vocabulary (authority list , index language).

A monolingual thesaurus has terms from one language,
a multilingual thesaurus from two or more languages.

A classification is a structure that organizes concepts
into  a hierarchy, possibly in a scheme of facets.  The
term ontology is often used for a shallow classification
of basic categories or a classification used in linguistics,
data element definition, or knowledge management.

Fig. 1b.  Definitions: Thesaurus, etc.



English German

simian Affe
monkey niederer Affe
ape Menschenaffe

timepiece Uhr
clock Wanduhr, Standuhr,

Turmuhr
wall clock Wanduhr
standing clock Standuhr
tower clock Turmuhr

watch Taschenuhr, Armbanduhr
pocket watch Taschenuhr
wrist watch Armbanduhr

alarm clock Wecker

blanket, rug, carpet Teppich
blanket Betteppich
rug, carpet Bodenteppich

rug (or carpet) loser Bodenteppich
long, narrow rug Läufer

wall-to-wall carpet Teppichfußboden
hanging rug Wandteppich

Italics denotes terms created to express a concept not
lexicalized in English or German, respectively.

Note that most English-German dictionaries would
have you believe that the German equivalent for
"monkey" is "Affe", but that equivalence holds only in
some contexts.

Another difficulty arises when two terms mean almost
the same thing but differ slightly in meaning or connota-
tion, such as alcoholism in English and alcoholisme in
French, or vegetable in English (which includes potatoes)
and Gemüse in German, which does not.  If the difference
is big enough, one needs to introduce two separate con-
cepts under a broader term; otherwise a scope note needs
to clearly instruct indexers in all languages how the term
is to be used so that the indexing stays, as far as possible,
free from cultural bias or reflects multiple biases by as-
signing several descriptors.

Fig. 2.  Multilingual thesaurus problems

The example in Figure 2 illustrates the conceptual and
terminological problems in aligning the vocabularies of
two languages.  Concepts lexicalized in one language may
not be lexicalized in the other and vice versa, creating
significant problems for translation.  The complexities of
term correspondence are best managed with a conceptual
approach, establishing a concept interlingua, so to speak.

Figures 3a and 3b give a first illustration of thesaurus
structure, to be discussed more fully in Section 3.  The
emphasis is on illustrating the concept-based approach to
vocabulary management and retrieval, so the examples are
drawn from a thesaurus that epitomizes that approach,
even though it is monolingual.  The reader may want to
look at the sample pages from several multilingual thesauri
given in the appendix.

Figure 3a presents an excerpt from a thesaurus hierar-
chy.  Through identifying the relevant facets (facet head-
ings EF2, EF4, and EF6) and arranging the concepts
within each facet in meaningful order displaying the con-
cept relationships, the hierarchy elucidates the conceptual
structure of the domain: The route of administration of
drugs can be described by giving the intended scope of
drug action, the method of administration, and the body
site where the drug is administered.  The last two facets
have been combined because they are strongly intertwined. 
The hierarchy gives a logical arrangement for concepts
within a facet, allowing the reader to form a clear mental
image of methods available for administering drugs.  The
hierarchy also allows for hierarchic query expansion
(whether searching with a controlled vocabulary or free-
text).

Figure 3b gives examples of full thesaurus entries.  The
entry for EF gives many synonyms that can be used for
synonym expansion of query terms.  The RT cross-refer-
ences suggest further descriptors that might be useful for
searching.  The entries for EF2 give scope notes that care-
fully define each concept.  Thus, the thesaurus can serve as
a reference.  Juxtaposing the scope notes for hierarchical
neighbor concepts allows the indexer or searcher to pick
the right concept at the right hierarchical level.

Having established a general understanding of thesau-
rus structure, we can now deal with the functions, struc-
ture, and construction of thesauri in more detail.



EF route of administration

EF2    by scope of drug action
EF2.2 . topical and local administration
EF2.2.2 . . topical administration
EF2.2.4 . . local drug administration
EF2.4 . systemic administration

EF4    by method or body site
EF4.2 . enteral administration
EF4.2.2 . . oral enteral administration
EF4.2.4 . . rectal enteral administration
EF4.4 . mucosal administration
EF4.4.2 . . transdermal administration
EF4.4.4 . . inhalation, smoking, sniffing
EF4.4.4.2 . . . smoking
EF4.4.4.2.2 . . . . smoking w/out inhalation
EF4.4.4.2.4 . . . . smoking with inhalation
EF4.4.4.4 . . . nasal administration
EF4.4.4.6 . . . pulmonary administration
EF4.4.6 . . oral mucosal administration
EF4.4.6.2 . . . buccal administration
EF4.4.6.4 . . . sublingual administration
EF4.4.8 . . rectal mucosal administration
EF4.6 . parenteral administration
EF4.6.2 . . intravenous injection
EF4.6.2.2 . . . intravenous infusion
EF4.6.4 . . intra-arterial injection
EF4.6.6 . . intraperitoneal administration
EF4.6.8 . . intracutaneous injection
EF4.6.10 . . admin. through skin implant
EF4.6.12 . . subcutaneous injection
EF4.6.14 . . intramuscular injection
EF4.6.16 . . CNS injection
EF4.6.16.2 . . . intrathecal injection
EF4.8 . skin administration

(The full entry shows Narrower
Term cross-references to the
more specific methods involv-
ing the skin: EF4.4.2, EF4.6.8,
EF4.6.10, and EF4.6.12)

EF4.10 . oral administration
(NT to EF4.2.2, EF4.4.4.2, and
EF4.4.6)

EF4.10 . rectal administration
(NT to EF4.2.4 and EF4.4.8)

EF6 drug administration by self vs. oth-
ers

EF6.2 . self administration of drugs
EF6.4 . drug administration by others

Fig. 3a.  Excerpt from a thesaurus hierarchy

EF route of administration

ST medication route
ST method of delivery of drugs or food
ST mode of substance administration
ST route of drug application
ST route of drug entry
ST route of exposure
BT +EE12 pharmacokinetics
RT +AA2 AOD use
RT +BS AOD substance by route of admin.
RT EE12.2e drug absorption
RT +EE14.4.8 drug effect by location
RT +HR drug therapy
RT MD2.2.2.2 drug paraphernalia

EF2 route of admin. by scope of drug action
SN Use one of these descriptors in combination

with a descriptor from +EF4 route of
admin. by method or body site.  

EF2.2 . topical and local administration
SN The application of a substance to a

localized area, chiefly for local effects

at this site.
NT HU4.2 local anesthesia
RT GH10.2 chemical injury

EF2.2.2 . . topical administration
SN The application of a substance on

the surface of the skin or on a mu-

cous membrane (incl. the gastroin-
testinal membrane) so that the sub-

stance will take effect on the sur-
face or on a localized layer under

the surface. 
For example, for the administration
of a decongestant spray, use
EF2.2.2 topical administration
combined with EF4.4.4.4 nasal
administration .

ST topical application

EF2.2.4 . . local drug administration
SN The introduction of a substance into

a localized area of the skin or other
tissue, as through injection.

NT EF4.6.4 intra-arterial injection
NT EF4.6.8 intracutaneous injection
NT +EF4.6.16 CNS injection

EF2.4 . systemic administration
SN The introduction of a substance into

systemic circulation so that it is carried

to the site of effect.
NT +EF4.6.2e intravenous injection
NT EF4.6.10 admin. through skin implant
NT HU4.4 general anesthesia
RT +GH10.4 chemical poisoning

Fig. 3b.  Examples of full thesaurus entries



2 Thesaurus functions

A thesaurus with its embedded classification/ontology
serves many functions, all of which are significantly
affected by multilinguality.  Our emphasis will be on the-
saurus functions in retrieval (Figure 4a), but from a broad-
er perspective one must not lose sight of the many other
functions a thesaurus and its embedded classifica-
tion/ontology can serve (Figure 4b).

In information retrieval a thesaurus or a classification/
ontology without the surrounding terminological structure
can be used in two scenarios:

(1)  knowledge-based support of free-text searching
(applicable only to written or spoken text, although the text
could point to another object, e.g., retrieving images
through a free-text search of image captions or through a
search of the text portion of a movie);

(2)  controlled vocabulary indexing and searching
(applicable to any kind of retrieval).

The first two functions apply to either scenario.  A user
can always profit from looking at a conceptual framework
of the domain to clarify the search topic, and the thesaurus
then further assists in finding good search terms for the
concepts identified,  Synonym expansion includes map-
ping to terms from a different language.

Using a thesaurus as an indexing tool applies only to
controlled vocabulary indexing.  Indexing, the assignment
of a set of descriptors to a document or other object, can be
manual or automated.  Of particular importance, so often
overlooked, is an approach to indexing that places the
users, their problems and questions squarely at the center
of attention: user-centered or request-oriented (or problem-
oriented) indexing.  The few empirical studies evaluating
user-centered (as opposed to the commonly used
document-centered) indexing show a positive effect on
retrieval performance (Pejtersen 1983).  This approach is
central in information retrieval; it will be discussed in
Section 2.1.

To look at thesaurus functions more generally, we first
observe that a thesaurus is a knowledge base of concepts
and terminology; other such knowledge bases are diction-
aries and ontologies developed for AI applications, linguis-
tic systems, or data element definition.  Since these differ-
ent types of knowledge bases   though developed for dif-
ferent purposes   overlap greatly, it would be best to inte-
grate them through a common access system (Soergel
1996).  The functions to be served by such a virtual inte-
grated knowledge base of concepts and terminology are
listed in Figure 4b.

Knowledge-based support of searching
(explicit assistance to the user or behind the scenes)

Menu trees

Guided conceptual analysis of a search topic

Browsing a hierarchy to identify search concepts

Mapping from query terms to descriptors used in one
or more databases or synonym expansion of query
terms for free-text searching

Hierarchical expansion of query terms

Meaningful arrangement of search results

Tool for indexing 

vocabulary control
user-centered indexing

Fig. 4a. Thesaurus functions in information retrieval

2.1 User-centered /request-oriented indexing

As summarized in Figures 5a and 5b, user-centered
indexing involves analyzing actual and anticipated user
queries and interests and constructing a framework, a hier-
archically structured controlled vocabulary, that includes
the concepts of interest to the users and thus communicates
these interests to the indexers or an expert system that can
infer user-relevant concepts from text.  The indexers then
become the "eyes and ears" of the users and index materi-
als from the users' perspective.  The indexer uses the struc-
tured list of user-relevant concepts as a checklist, applying
her understanding of a document (or other object) to judge
its relevance to any of these concepts.  This process ensur-
es that users will find the documents that they themselves
would judge relevant upon examination.

Request-oriented indexing contrasts with document-
oriented indexing, where the indexer simply expresses
what the document is about or where simply the terms in
the text are used.  But a document can be relevant for a
concept without being about the concept: a document
titled The percentage of children of blue-collar workers
going to college is not necessarily about intergenerational
social mobility, but a researcher interested in that topic
would surely like to find it, so it is relevant.  Another ex-
ample: Since users are interested in the biochemical basis
of behavior and also in longitudinal studies,  these
descriptors are in the thesaurus.  The indexer examines the
document CSF studies on alcoholism and related behav-
iors and finds that it is relevant to both descriptors.  Longi-
tudinal is not mentioned in the document, but careful
examination of the methods section reveals the concept.



 Provide a semantic road map to individual fields
and the relationships among fields; relate concepts
to terms, and provide definitions, thus providing
orientation and serving as a reference tool.

 Improve communication and learning generally: 
 Assist writers: suggest from a semantic field the

term that best conveys the intended meaning and
connotation.

 Assist readers in ascertaining the proper meaning
of a term and placing it in context.

 Support learning through conceptual frameworks.
 Support language learning and the development of

instructional materials.

 Provide the conceptual basis for the design of good
research and practice.
 Assist researchers and practitioners in exploring

the conceptual context of a research project, poli-
cy, plan, or implementation project and in struc-
turing the problem.

 Assist in the consistent definition of variables and
measures for more comparable and cumulative re-
search and evaluation results.  Especially impor-
tant for cross-national comparisons.

 Provide classification for action:
 a classification of diseases for diagnosis, 
 of medical procedures for insurance billing,
 of commodities for customs.

 Knowledge base to support information retrieval
(Fig. 4a)

 Ontology for data element definition.  Data element
dictionary.  Consider data processing systems in a
multinational corporation

 Conceptual basis for knowledge-based systems.

 Do all this across multiple languages

 Mono-, bi-, or multilingual dictionary for human
use. Dictionary/knowledge base for automated
language processing - machine translation and natu-
ral language understanding  (data extraction, automat-
ic abstracting/indexing).

Fig. 4b. Broader functions of a knowledge base of
concepts and terminology

This kind of indexing is expensive, unless it can (to a
degree) be automated through a knowledge-based system
for automated indexing.  Is it worthwhile?   The worth
derived from improved performance depends on the use of
the retrieval results.

Construct a classification/ontology (embedded in a the-
saurus) based on actual and anticipated user queries and
interests.

Thus provide a conceptual framework that organizes user
interests and communicates them to indexers.

Index materials from users' perspective:
Add need-based retrieval clues beyond those available in
the document.  Increase probability that a retrieval clue
corresponding to a query topic is available.

Index language as checklist.
Indexing = judging relevance against user concepts. 
Relevance rather than aboutness

Implementation: Knowledgeable indexers or an expert
system using syntactic & semantic analysis & inference.

Fig. 5a.  User-centered / request-oriented indexing

Document

The drug was injected into the aorta

User concept: Systemic administration

Document:

The percentage of children of blue-collar workers going
to college

User concept: intergenerational social mobility

Document:

CSF studies on alcoholism and related behaviors

User concept: longitudinal study 
(Longitudinal not mentioned in the document; determin-
ed through careful examination of the methods section.)

Fig. 5b.  Request-oriented indexing. Examples

This perspective on indexing has implications for
cross-language retrieval: The conceptual framework must
be communicated in every participating language to allow
a meeting of minds to take place, regardless of the lan-
guages of the user and the indexer.  This is particularly
salient in the context of indexing images with descriptors
that capture imponderables, such as the mood of an image:
One needs to make sure that, as far as possible, the term
used by the indexer in one language communicates the
same mood as the term given to the user in another lan-
guage for searching.



3 Thesaurus structure

After a brief review of general principles (3.1), we
discuss issues specific to multilingual thesauri (3.2).

3.1 Brief review of thesaurus structure principles

Thesaurus structure consists of the terminological structure
that relates terms to concepts (by establishing synonym
relationships and disambiguating homonyms) and concep-
tual structure.  We discuss each in turn.

Terminological structure (Figure 6)

Controlling synonyms

Term Preferred synonym

Alcoholism Alcohol dependence

Inheritance Heredity

Ultrasonic cardiography Echocardiography

Black African American

Afro-American African American

Pregnant adolescent Pregnant teen

Disambiguating homonyms

administration 1 (management)

administration 2 (drugs)

Läufer 1 (Sportler) Engl.: runner (athlete)

Läufer 2 (Teppich) Engl.: long, narrow rug

Läufer 3 (Schach) Engl.: bishop (chess)

discharge 1 (From hospital or program)
German: Entlassung

discharge 2 (From organization or employment)
Preferred synonym: Dismissal
German: Entlassung

discharge 3 (Medical symptom)
German: Absonderung, Ausfluss

discharge 4 (into a river)     German: Ausfluss

discharge 5 (Electrical)
German: Entladung (which also means unloading)

Fig. 6.  Terminological structure examples

The terminological structure is equally important in
controlled vocabulary and in free-text searching.  In free-
text searching, synonym expansion of query terms is im-
portant, and homonym indicators can trigger a question to
the user on the intended meaning of the query term.

Conceptual structure

A well-developed conceptual structure is a sine qua
non for user-centered indexing and is very useful for free-
text retrieval as well.  The two principles of conceptual
structure are facet analysis and hierarchy.

Facets. Semantic factoring or feature analysis

Semantic factoring means analyzing a concept into its
defining components (elemental concepts or features). 
This gives rise to a concept frame with facet slots.  See
Figure 7 for examples.

liver cirrhosis
 Pathologic process: inflammation

Body system: liver
Cause: not specified
Substance/organism: not specified

alcoholic liver cirrhosis
 Pathologic process: inflammation

Body system: liver
Cause: chemically induced
Substance/organism: alcohol

hepatitis A
 Pathologic process: inflammation

Body system: liver
Cause: infection
Substance/organism: hepatitis A virus

Fig. 7.  Facet analysis examples

A facet groups concepts that fall under the same aspect
or feature in the definition of more complex concepts; it
groups all concepts that can be answers to a given ques-
tion.  In frame terminology: The facets listed above are
slots in a disease frame; a facet groups all concepts that
can serve as fillers in one slot.

Using elemental concepts as building blocks for con-
structing compound concepts drastically reduces the num-
ber of concepts in the thesaurus and thus leads to concep-
tual economy.  It also facilitates the search for general
concepts, such as searching for the concept dependence,
which occurs in the context of medicine, psychology, and
social relations.



Facets can be defined at high or low levels in the hier-
archy, as illustrated in Figure 8.
 

Top-level facets

organism 
body part
chemical substances by function
chemical substances by structure.

Low-level facets

route of administration
route of administration by scope of drug action

(local/topical or systemic)
route of administration by body part
route of administration by method of application

(injection, rubbing on, etc.)

liver
liver tissue (hepatocyte, Kupffer cell, etc.)
liver part (hepatic lobule, portal lobule, etc.)

Fig.  8.  Facets at different hierarchical levels

Hierarchy

A sample hierarchy was presented in Fig. 3a.  For an-
other example, consider a search for a broad concept and
the more specific concepts that should be included in the
query as illustrated in Figure 9.

groups at high risk of drug use

suicidal or physically or mentally disabled
persons from unstable or low-cohesion families
children of alcoholic or other drug-abusing parents

SN Adult or still under age
children of single teenage mothers
persons subjected to abuse or neglect (now or past)

persons subjected to abuse/neglect by parents
latchkey children

persons subjected to abuse/neglect by spouse
single teenage mothers
school dropouts or those at risk of dropping out
unemployed or in danger of being unemployed 
economically disadvantaged
homeless

runaway youth
gateway drug users
persons engaged in violent or delinquent acts

Fig. 9.  Hierarchy for searching

Uses of facet analysis and hierarchy

Through facet analysis and hierarchy building, the
lexicographer often discovers concepts that are needed in
searching or that enhance the logic of the concept hierar-
chy; he then needs to create terms for these concepts.  Ex-
amples are traffic station as the semantic component com-
mon to train station, bus station, harbor, and airport or
distinct distilled spirits (as the semantic component com-
mon to gin, whiskey, cherry brandy, tequila, etc., the coun-
terpart of the already lexicalized neutral distilled spirits),
or analytic psychotherapy as an umbrella term for a host of
methods (such as insight therapy, Gestalt therapy, and
reality therapy) that all seek to assist patients in a person-
ality reconstruction through insight into their inner selves.

Fig. 10 lists the most important uses of facet analysis
and hierarchy.  These uses will be more fully discussed in
Section 4.

Help to organize the concept space and establish concept
relationships.

Assist the user in analyzing and clarifying a search prob-
lem both in terms of the facets involved and the hierar-
chical structure within each facet.

Facilitate the search for general concepts, such as 

inflammation or

dependence (which occurs in the context of medicine,
psychology, and social relations)

Hierarchic query term expansion

These functions are useful in both controlled vocabulary
and free-text searching.

Fig. 10.  Uses of facet analysis and hierarchy

3.2 Special issues in multilingual thesauri

A multilingual thesaurus for indexing and searching
with a controlled vocabulary can be seen as a set of
monolingual thesauri that all map to a common system of
concepts.  With a controlled vocabulary, indexing is
concept-based; cross-language retrieval is simply a matter
of providing designations for these concepts in multiple
languages so that queries can be written in multiple lan-
guages.  However, as the example in Fig. 2 illustrates,
conceptual systems represented in the vocabulary of differ-
ent languages do not completely coincide.



The crux of the matter, then, is which concepts to in-
clude.  Ideally, the thesaurus should include all concepts
needed in searching by any user in any of the source lan-
guages. Language differences often also imply cultural and
conceptual differences, more so in some fields than in oth-
ers.  We need to create a classification that includes all
concepts suggested by any of the languages.  At a mini-
mum this includes all relevant concepts lexicalized in  at
least one of the source languages.  Also, different lan-
guages often suggest different ways of classifying a do-
main; the system needs to be hospitable to all of these. The
problem that has bedeviled many developers of multilin-
gual thesauri is that a concept lexicalized in one language
may not be lexicalized in another and that the terms that do
exist often vary slightly in meaning, possibly giving rise to
different relationships.  Starting from the misguided notion
that a thesaurus should include only concepts for which
there is a term in the language and that term meanings
cannot be adjusted for purposes of the thesaurus, they had
difficulty making the system of concepts the same for all
languages.  But, as we have seen, even in a monolingual
thesaurus the lexicographer often discovers concepts need-
ed in searching or to enhance the logic of the concept
hierarchy and then needs to create terms for these con-
cepts.  In multilingual thesauri this necessity arises more
often, particularly when different languages differ in the
hierarchical levels at which they lexicalize concepts.  The
principle proposed here is to establish a common concep-
tual system, which may require an arduous. and expensive, 
process of negotiation, and then arrange for the terms in all
languages to fit, giving proper definitions, of course.

It is clear that the problems discussed here and illus-
trated in Fig. 2 and in Section 3.1 have major implications
for cross-language free-text searching: Each query term
should be mapped from the source language to its multiple
equivalents in the target language; each of these equiva-
lents may have other meanings in the target language,
presenting potential problems for retrieval.  The query
term may not have a precise equivalent in the target lan-
guage; one may need to map to broader or narrower terms,
distorting the meaning of the original query.

4 Implementing thesaurus functions in re-
trieval systems

4.1 Controlled vocabulary

With a controlled vocabulary there is a defined set of
concepts used in indexing and searching.  Cross-language
retrieval simply means that the user should be able to use a
term in his own language to find the corresponding con-
cept identifier that is used to retrieve documents (or what-
ever the retrieval objects are).  In the simplest system, this
can be achieved through manual look-up in a thesaurus
that includes for each concept corresponding terms from
several languages and has an index for each language.  In
more sophisticated systems the mapping from term to
descriptor would be done internally.  As an example, con-
sider a library catalog using the Library of Congress Sub-
ject Headings, for which French and Spanish translations
are available.  In the VTLS automated library system, each
subject heading is identified by a number that is used in
the document record.  The authority file includes for each
subject heading the preferred term and any synonyms; this
information can be included in multiple languages.  One
could use this arrangement for assisting the user in finding
subject headings or automatic mapping of user terms to
subject headings as follows: Do a free-text search on au-
thority records to find any subject heading for which either
the preferred term or any synonym contains the user's
query word or phrase in any language.  Once appropriate
subject headings are found, they can be used to retrieve
documents.

Whenever the mapping from user terms to descriptors
is done "behind the scenes", transparent to the user, the
system should ask the  user for clarification whenever the
query word or phrase has multiple meanings and cannot be
disambiguated automatically.  Beyond that, showing the
user the descriptor(s) the system came up with in their
hierarchical context might improve the accuracy of the
query formulation and thus retrieval.  The success of this
type of interaction depends on the quality of the hierarchy
and the interface.

If the user has voice input available, one might even in-
clude the spoken form of terms in the thesaurus to enable
voice input of query terms which would then be mapped to
the appropriate descriptors.

A cross-language retrieval system with controlled
vocabulary must also support indexing of documents or
other objects, that is the assignment of controlled vocabu-
lary descriptors, in the various languages.  For manual
indexing, this is accomplished by having thesaurus ver-
sions in each of the languages so that each indexer has a
version in her own language.  But that is not enough.  The
thesaurus version in each language must make sure that the



indexer in that language fully understands the meaning of
a descriptor that originated from another language; other-
wise, the indexing of such a descriptor will not be consis-
tent across the database.

Automated indexing with a controlled vocabulary,
particularly if it is to take a request-oriented slant, can be
accomplished with a knowledge base that (1) allows recog-
nition of important words and phrases (for spoken text this
requires the inclusion of spoken forms) and allows for
homonym disambiguation and (2) gives  mapping rules
that lead from the (possibly weighted) set of words and
phrases identified for a document to a set of descriptors
that should be assigned.

Such mapping rules can take many forms.  In their
simplest form, they specify a direct mapping from text
words or phrases to the appropriate descriptors for each
word or phrase (and possibly even word or phrase
combinations).  To increase accuracy, the mapping can be
made dependent on context (Hlava 97).  A more complex
mapping relies on association strengths between terms
(words and phrases) and descriptors.  Broadly speaking,
the association strength between term T and descriptor D
could be seen as the predictive probability that the doc-
ument containing term T should be indexed with 
descriptor D.  Such association strengths can be computed
from a training set of indexed documents.  This is the ap-
proach often taken in automated text categorization, where
often, but not always, the goal is to index each document
by only one descriptor (assign it to one of a set of non-
overlapping categories).  An advanced version of this ap-
proach is the use of "topic signatures", profiles consisting
of a set of terms with weights; a document is assigned the
topic if its terms match the topic signature (Lin 1997).  In
effect, a topic signature is a query which identifies docu-
ments relevant to the topic.

As the foregoing discussion illustrates, the knowledge
base needed to support automated indexing is more com-
plex than a thesaurus for manual indexing.  It must include
more terms and term variants so that the words and phras-
es important for indexing can be recognized in the text,
and it must include information needed for the disambigu-
ation of homonyms (which often requires determining the
part of speech of a text word).

For indexing and searching, a controlled-vocabulary
cross-language retrieval system can be seen as a set of
monolingual systems, each of which maps the terms from
its language to a common system of concepts used in in-
dexing and searching.  For manual indexing and query
formulation, this is accomplished through a multilingual
thesaurus, which may in fact consist of multiple monolin-
gual thesauri linked through common descriptor identifiers
(such as Dewey Decimal class numbers). Automated in-
dexing in cross-language text retrieval with texts in multi-
ple languages means mapping from each language to the

common conceptual structure represented in the controlled
vocabulary.  The knowledge base component dealing with
identification of words and phrases for automated indexing
can be developed independently for each language.  Map-
ping rules that are entirely term-based can also be devel-
oped independently for each language.  However, some
mapping rules, for example rules based on context or topic
profiles, may include conceptual elements that could be
shared across languages.

There are a number of controlled-vocabulary cross-
language retrieval systems based on manual indexing in
use in bilingual or multilingual areas such as Switzerland,
Belgium, Canada, and areas of the US with large Spanish-
speaking populations; in international organizations, such
as the European Community; and in international collab-
orative systems, such as AGRIS.  These systems are based
on the Universal Decimal Classification, which has been
translated into many languages (library of the ETH, Zu-
rich); on the Library of Congress Subject Headings, which
have been translated into French; on EUROVOC, an EC
thesaurus in 9 languages; and AGROVOC, a thesaurus in
three languages created by translation from its original
English-only version.  There are a large number of thesauri
that either have been developed as multilingual thesauri or
have been translated into several languages.

4.2 Free-text searching

Cross-language free-text searching, finding texts in one
language that are relevant for a query formulated in an-
other language without relying on controlled vocabulary
indexing, is a more complex proposition.  It requires that
each term in the query be mapped to a set of search terms
in the language of the texts, possibly attaching weights
expressing the degree to which occurrence of a search term
in a text would contribute to the relevance of the text to the
query term.  To assist with this task, a thesaurus must in-
clude the mapping information.  If the thesaurus includes
fine-grained definitions that deal with subtle differences of
meaning, distance between such definitions can be used to
derive term weights.

A major difficulty of this mapping is that a homonym
used in the query gives rise to multiple translations, each
corresponding to one of its meanings.  The target terms
may in turn be homonyms in their language and thus re-
trieve many irrelevant documents unless text terms are
disambiguated.  (This problem exists in synonym expan-
sion in one language as well but is exacerbated in cross-
language text retrieval.)  When the mapping goes to a term
that has multiple meanings, the specific meaning should be
identified, possibly in interaction with the user.  For best
retrieval results the terms in the texts should also be disam-
biguated so that only documents that include the term in
the right sense score



The issue of homonymy in retrieval is not as straight-
forward as it may seem at first glance (Sanderson 1994). 
First of all, quite a bit of disambiguation may occur "natu-
rally", in that a given term may assume only one of its
meanings in the specific domain of the collection and
therefore in the queries.  Second, in a multi-component
query, a document that includes a homonymous term from
the first query component in a meaning other than that
intended in the query is unlikely to also include a term
from another query component, so excluding irrelevant
documents may not require disambiguation in either the
query or the texts.  On the other hand, with single-concept
query to a general collection (such as the World Wide
Web), disambiguation can be expected to have a beneficial
effect on retrieval performance.  Failing that, a system
might be able to suggest to the user an additional query
component that would separate out the documents that
include the query term but in a different meaning.  Note
that information extraction is much more dependent on
homonym disambiguation.

In any event, for best support of free-text retrieval a
thesaurus should flag homonyms, give their senses, and
include rules for disambiguation.

The greater difficulty of free-text cross-language re-
trieval stems in no small measure from the fact that one
must work with actual usage, while in controlled-vocabu-
lary retrieval one can, to some extent, dictate usage.

4.3 Thesauri for knowledge-based search support 

Whether searching is by controlled vocabulary or by
free text, it is often helpful to the user to browse a well-
structured and well-displayed hierarchy of concepts,
preferably with the option of including definitions.  A
more sophisticated system may guide a user through a
facet analysis of her topic.  These aids provided by the
system enable the user to form a better idea of her need
and to locate the most suitable descriptors or free-text
search terms.  The guidance through facets and their hier-
archical display must be available in the language of the
user.  These suggestions are based on the assumption that
browsing a hierarchy is natural to most users and that users
will appreciate the structure provided.  This assumption
rests on the belief that people try to make sense of the
world and that guided facet analysis and browsing well-
structured hierarchies help them do so.  There is anecdotal
evidence to support this assumption, but it needs to be
investigated by building prototype systems and studying
users' success (see, for example, Pollitt 1996).

This is one example of using a thesaurus as a know-
ledge base to make searching more successful.  The assis-
tance provided does not require that the user be an expert
in classification and thesauri.  This is even more true for
"behind-the-scenes" assistance.  There is no need to teach

users about following a cross-reference from a synonym to
a descriptor if the system searches for the descriptor auto-
matically.  There is no need to tell the user to look under
narrower terms also if the system can do a hierarchically
expanded search.  There is no need to tell the user about
strategies of broadening the search if the system, in re-
sponse to a user input that not enough was found, can
suggest further descriptors to be searched based on cross--
references in the thesaurus.  Sophisticated retrieval soft-
ware can make the use of thesauri in retrieval independent
of the user’s knowledge and thereby can get much more
mileage out of the investment in thesauri.

5 Thesaurus construction

Building a thesaurus, especially a multilingual thesau-
rus, takes a lot of effort.  Some term relationships can be
derived by statistical analysis of term occurrence in cor-
pora, but this will not result in the kind of well-structured
conceptual system described above.  Developing such a
structure requires intellectual effort.

A common method for thesaurus construction in a
single language is to work bottom-up: One collects a list of
terms (words and phrases), preferably from search re-
quests, but also from documents, free-term indexing, and
other thesauri.  These terms are then sorted into increas-
ingly fine-grained groups, until a group contains only syn-
onyms or terms that, for purposes of the thesaurus, can be
considered synonyms.  In this process at least some hom-
onyms will be detected; they must be disambiguated into
several senses, each expressed by its own (possibly newly
coined) term having one meaning and being grouped ac-
cordingly.  A group of synonyms can be considered to
represent a concept; usually a preferred term to designate
the concept is selected, but some other concept identifier
can be used.  A first rough hierarchy of concepts emerges
from this process.

This is followed by conceptual analysis, especially
facet analysis at various levels, resulting in a well-struc-
tured faceted hierarchy.  Next, one needs to write defini-
tions (scope notes), in the process of which one may re-
think the hierarchy, and introduce relationships between
concepts that complement the hierarchy.

The development of a multilingual thesaurus is,
naturally, an even more complex undertaking; the basic
approaches are summarized in Figure 12.  The ideal way to
develop a multilingual thesaurus is to start from a pool of
terms in all covered languages and carry out the process
without regard to the language of the terms.  This will
bring together terms from different languages that have the
same meaning into one group.  This process gives all lan-
guages an equal chance to contribute concepts and concept
relationships.  It also forces a careful analysis of the mean-



ing of each term in each language to determine the degree
of equivalence, making it possible to develop the fine-
grained structure of definitions that has the potential of
providing powerful support to free-text cross-language
retrieval.

Of course, this process would require a lexicographer
knowledgeable in the subject matter of the thesaurus and
fluent in all covered languages, not a very practical re-
quirement.  A more practical variation that still maintains
the spirit of this approach is to start with two languages
and develop the conceptual structure   a bi-lingual lexicog-
rapher is needed in any event.  Definitions should be writ-
ten in both languages.  One would then work on a pool of
terms in a third language and fit it into the structure, creat-
ing new concepts as necessary.  This is not at all the same
as translating the thesaurus into the third language.  This
requires a lexicographer fluent in one of the starting lan-
guages and the third language.  Following the same princi-
ple, one can now add other languages.

The result of such a process is a conceptual system that
brings the conceptual structures embedded in the different
languages under one roof, so to speak.

The most common approach to the  construction of  a
multilingual thesaurus is to translate an existing monolin-
gual thesaurus into one or more languages.  But this
approach is problematic: The original language and its
vocabulary determine the conceptual structure, and one
merely looks for equivalent terms in the second language
with-out covering its terminological richness .  In some
multilingual thesauri, only one term in the target languages
is provided, making the thesaurus unsuitable for query
term expansion in free-text searching.

In between is an approach in which one starts with a
monolingual thesaurus as the center and fits terms from
one or more other languages into the structure  of this
central thesaurus without changing the concepts or the
hierarchy.  EuroWordNet (Gillaranz 1997) takes an
improved variation of this approach, working with the
English WordNet as its central thesaurus.  In
EuroWordNet, separate and independent word nets are
constructed in each language in parallel efforts, each iden-
tifying synonym sets in that language (A synset can be
considered a concept).  Each individual language project
then independently maps its sysnsets to the corresponding
WordNet synsets; no changes are made to WordNet.  In
addition to identity, this mapping allows for hyponym and
hypernym relationships, thus indicating that the concept
identified in the language being worked on is not included
in WordNet, but giving at least the hierarchical location. 
EuroWordNet also uses a 

Requirements

Must cover all concepts of interest to the users in the
various languages, at a minimum all domain concepts
lexicalized in any of the participating languages.
Must accommodate hierarchical structures suggested by
different languages.

Approaches (by increasing complexity and quality)

(1)  Start from monolingual thesaurus and translate.  This
approach does not capture concepts lexicalized only in
another language and is biased to the conceptual structure
underlying the starting language.  May not produce all
synonyms in the second language.

(2)  Start from a monolingual thesaurus as the center.
Collect terms from a second (third, ...) language and
establish correspondences of these terms to the central
thesaurus.  Suffers from similar bias toward the starting
language as (1), but may cover more synonyms in the
other languages.

(3)  Work with a central thesaurus as in (2), but after
collecting terms from a second language first group them
into synsets, that is, derive concepts each of which is
represented by a set of terms, and then map each concept
to the corresponding concept in the central thesaurus or
indicate that the concept is new and give the nearest
broader or narrower concept in the central thesaurus. 
Note that the central thesaurus remains unchanged.

(4)  As (2), but add concepts not in the starting thesaurus. 
This mitigates bias, but the central thesaurus now be-
comes a moving target.

(5)  Start from a pool of terms from all participating
languages and organize them into a conceptual frame-
work, establishing term correspondence in the process. 
This approach results in a true "conceptual interlingua"
not biased to any one language, but offering a home to
multiple conceptual perspectives.  This approach requires
most effort.

Fig. 12.  Building multilingual thesauri

very weak variation of approach 5: The participants devel-
oped a "top  ontology", which presumably reflects and
integrates perspectives from their individual cultures.  In
addition to being mapped to WordNet, the individual lan-
guage synsets are also mapped to this top ontology.



6 Affordable implementation of knowledge-based
approaches

The effort needed for constructing and maintaining any
knowledge base, especially a well-structured multilingual
thesaurus using method 4, is often forbidding, whence the
attempts at constructing thesauri by statistical analysis of
corpora.  Fortunately, there is another way to reduce the
effort, often drastically: Capitalize on the intellectual effort
already available in a multitude of existing thesauri and
dictionaries by automatically merging term relationships
from many sources, as is done in UMLS (Unified Medical
Language System) or analyzing dictionary definitions to
extract term relationships (Ahlswede 1988).  Learn from
the structure of text by creating hypotheses on the part of
speech and semantic features of words during parsing
(Sonnenberger 1995), or deriving term relationships from
user queries.  A further expansion of this approach calls
for collaborative development of thesauri and more
comprehensive databases of concepts and terms made
possible by computer technology as proposed in Soergel
1996.  These approaches are summarized in Fig. 13.

Knowledge-based approaches require major investment
for constructing the knowledge base.

Solutions

Use what is available (e.g. WordNet).

Reformat and integrate available sources into structured
knowledge bases.

Use machine learning techniques based on text or query
analysis for building or adding to a knowledge base,
perhaps followed by human editing.

Provide integrated access to multiple sources and an
environment for distributed collaborative knowledge base
development.

Fig. 13. Implementation of knowledge-based
approaches

Conclusion

It was the intent of this paper to present a high-level re-
view of the contribution knowledge-based systems can
make to cross-language retrieval, as exemplified in parti-
cular through the structure and function of thesauri and
ontologies.  Many of the ideas presented have been applied
in operational or experimental systems, even though em-
pirical results need to be interpreted with caution (Soergel
1994); others await application and testing
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