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Abstract: This paper presents an automatic method and interface to enrich
semantically WordNet with categories from general domam classiTcation systems.
Thi method is performed in two consecurive steps, First, a lexical knowledge word
sense disambiguation process. Sccond, a ser of rules to select the main concepts as
representalives for each category. The method has been applied to label
gutomatically WordNcet synsets with Subject Codes from a standard news agencics
classilication system. Experimental results show than the proposed method
achicyes more than 93% accuracy sclecting the main concepts for cach category,
The mterface has been implemented usmg programmmg language C+— and
providing a visual ramework.

1 Introduction and Motivation

[.exical resources are an essential component of language enabled systems. They are one
of the main ways of representing the knowledge which applications use in Natural
Language Processing (NLP) system, such as Informauton Retreval (IR), Information
Extraction (IE), Machine Translation (MT), Natural Language Interface or Text
Summarizalion.

Many rescarchers have proposed several techniques for taking advantage of more than
one lexical resource, that 1s, integrating several structured lexical resources [rom pre-
CXISULNE SOUTTes,

Byrd 1in [Br89], proposcs the inlcgration of several struclured lexical knowledge
resources derived [rom monelingual and bilingual Machine Read Dictionacies (MRD)
and Thesaurus. The work reported in [Ro89] used a mapping process belween 1wo
thesaurus and two sides of a bilingual dictionary. Knight in [Kk93 |, provides a deflinition
maich and hierarchical maich algonthms lor hinking WordNet |[MgQ0] synsels and
L.DOCE [Pp87] definitions. Knight and lLuk in [KI1.94], describe the algorithms for
merging complementary structured lexical resources from WordNet, LDOCE and a
Spanish/l:nglish bilingual dictionary. A semiautomatic environment for linking [XGI1.L
[AmMET] and 1.IXOCH taxonomies using a bilingual dictionary is described in [Au94]. A
semi-automatic method for associating Japanese entries to an linglish ontology using a

" Ihis research has been partially fundod b the UE Commission (NAMIC IS T-19949-12302) and the Spanish
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Japancse/English hilingual dictionary s descrbed in [OF94]. An automatic method to
cnrich sermantically the monelingual Spanish dictionary DGILE, using a Spanish/English
hilingual dictionary and WordNet 15 desceibed n [Re94|. Several methods for linking
Spanish and French words [rom bilingual dictienacies to WordNet synsets are deseribed
m |[RA95]. A mechanism lor linking LDOCE and DGILE laxonomics using a
Spanish/English bilingual dictionary and the netion of Conceplual Distance between
concepts are described m |RRTY95]. The work reported in [CC98| used LDOCE and
Roget’s Thesaurus 1o label LDOCE. A robust approach lor linking alrcady cxisting
lexical/semantic hierarchies, in particular WordNet 1.5 onto WordINet 1.6, 15 described
in [I3PROG]. Magnini and Cavaglia in [MCO0] presented an augmented version of
nominal part of WordNet, whose synsets have been semi-automatically annotated with
one or more subject field codes.

This paper is motivated by two reasons: i) to enrich WordNet with domain labels of
classification systems (like IP1C' Subject Codes (Version IPTC/1)) to establish semantic
relations amang word senses and words grouped by their category, ii) the observation
that empirical studies about the application of the Specification Marks Method [MP0OQ]
proves that it works well for words associated with a semantic category, At the same
time the classification systems are now widely used by the NLP tasks, These systems are
used by libraries to organise their books. thesauri appear on-line, and on the World Wide
Web to organise information by subject. As an alternative approach to improve the
lexical knowledge base of WordNet 1.6, this paper presents an aulomatic method 1o
enrich semantically WordNet 1.6, with categones or classes from that classilication
syslems. The method hag been applied Lo aulomatically label the WordNet's synscls with
IPTC Subject Codes (Version TPTC/T). Although, this method can also be applied Lo
other classification systems such as Library of Congress Classification(1.C)*, Dewey
Decimal Classification (DDCY or Roget’s Thesaurus.

The organisation of this paper is as follows: After this introduction, in Section 2 we
describe the technique used (Word Sense Disambiguation (WSD}Y using Specification
Marks Method) and its application. In Section 3 we describe the rules used in the method
for labelling the noun taxonomy of the WordNet. In section 4, we describe the user
interface which allows the enrichment of WordNet. In Section 3, some experiments
related 1o the proposal method are presented, and linally, conclusions and an outling of
further lines of rescarch are shown.

2 Specification Marks Method

WSD with Specilication Marks 15 a method for the awomatic resolution of lexical
ambiguity of groups ol words, whose dilferent possible scnses are related. The
disambiguation is resolved with the use of the WordNet lexical knowledge base (1.6).
The method requires the knowledge of how many of the words are grouped around a
specification mark. which is similar to a semantic class in the WordNet taxonomy. The
word-sense in the sub-hierarchy that contains the greatest number of words for the

Ul he IPTC Subjeet Relercnee Systert has been developed 1o allow ldonomaion Providers aceess 104 universal
lanpuage independam coding swystem for indicating the subject content of nows Thems, (hpriswww ipte.org)
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corresponding specilicalion mark will be chosen for the sense-disambiguating of a noun
n a given group of words.

The algorithm with Specilication Marks consisls basically of the aulomalic scnsc
disambiguating of nouns that appear within the context of a sentence and whose different
possible senses are related. Its coniext 18 the group ol words that co-occur with 1t in the
senlence and their relationship to the noun w be disambiguaied. The mput {or the WSD
algorithm will be the group of words w={w-, wso, ..., w,;}. BEach word w; 15 sought m
WordNet, cach onc has an associated scl $={%:1, 82 ... 5] ol possible senscs.
['urthermore, cach  sense has a sct of concepts 1 the IS-A  tlaxonomy
(hypernym/hyponym relations). First, the concept that is commaon to all the senses of all
the words that form the context is sought. We call this concept the Initial Specification
Mark (ISM), and if it does not immediately resolve the ambiguity of the word, we
descend from one level to another through WordNet's hierarchy, assigning new
Specification Marks, The number of concepts that contain the sub-hierarchy will then be
counted for each Specification Mark, The sense that corresponds to the Specification
Mark with highest number of words will then be chosen as the sense disambiguation of
the noun in question, within its given context.

We should like to point out that after having evaluated the method, we subsequently
discovered that it could be improved with a set of heuristics, providing even better
results in disambiguation. The set of heuristics are Heuristic of Hypernym, Hewristic of
Delimtion, Heuristic ol Common Specification Mark, THeurstic of Gloss Ilypernym,
[Teuristic of Ilyponym and Ilcuristic ol Gloss ITyponym. Detailed explanation of the
method can be found in | MPUOL|, while its application to NLP lasks are addressed 1in
[Pm1].

3 Proposal for WordNet Enrichment

The classification systems provide a means ol arranging inlormation so that 1t can be
casily located within a library, World Wide Web, newspapers, cle. Materials are usually
classificed by their category or class. Therelore, the field of human knowledge 1s divided
mto major categories, these are divided into subscclions, and so on. The classification
scheme 18 structured according 1o the state of current human knowledge.

On the other hand, WordNet presents word senses that are oo [ine-grained [or NLP
lasks. We deline a way o deal with this problem, describing an automatic method to
cnrich semantically Wordel 1.6, with categories or classes {rom the classification
systems using the Specilication Marks Method. Categories, such as Agriculture, Ilcalth,
cte, provide a natural way o cslablish semantic celations among word senscs.

3.1 Method

In this section we describe, in detail, the method employed for enriching WordNet 1.6,
‘The group of words pertaining to a category, that is, to be disambiguated come from
different files of the classification systems. These groups of nouns are the input for the
W51 module. This module will consult the WaordNet knowledge base for all words that
appear in the semantic category, returning all of their possible senses. The
disambiguation algorithm will then be applied and a new file will be returned, in which
the words have the correct sense as assigned by WordNet. After a new file has been
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oblained, 1t will be the mpul for the rules module. This module will apply a sct of rules
for finding out the main-concept i WordNet. This main-concept in WordNet 1s labelled
with its corresponding calegory of the classification system. This process 1s illusirated
[Migure 1.

Figure 1 : Process of WordNet enrichment

‘The method performs the following steps to envich and label WordNet.

Step 1. Starting with the categories of the classification systems. We would like to clear
up any ambiguities at this stage. There are words in the categories that form two words
or more, These word combinations of two or more words are not in WordNet, therefore
it would be impossible 1o disambiguaic. To resolve this problem we use the utility of
WordNel "Find Keywords by Substeing” (grep). This subsiring 1s a synsct in WordNetl
and relates 1o the words of the category. (1.c., the subsiring "Health organization™ 180l in
WordNet but finding it with this utility we obain the substring "Ilcalth mainicnance
organization™).

Catrgars ot O s Fealth
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Step 2. To locale the synscl or number sense associated with cach one ol the words of
the calegory, using the Specilication Marks Method. For example:

Step 3. To obtain the main-concept from each category, using the hyper‘hyponym
relationships in the taxonomy of WordNet, For example, the main-concept for disease is
dl_health:
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Step 4. Lo label the main-concept, obtained in WordNet, with the category belonging to
the group of waords in the classification systems, For example, the main-concept obtained
in the step 3 is labeled with Health,

3.2 Main-Concepl Rules

‘The way to combine the semantic categories of classification systems and WordNet
would be Lo obtain the main-concept of WordNet [or cach group of words that belong 1o
a scmantic calcgory. For obtaining these main-concepts we apply the lollowing sci of
rules.

Rule 1. If' a synset contains only hyponym words belonging o the calegory lor
disambiguating, 11 15 chosen as the main-concepl. The category 15 assigned 1o thal main-
concepl as Lo full hyponyms and meronyms. For example, the calegory Health 15 made
up ol a group of words including ¢finic and haspital as 1l 1s shown 1n:

Moedical = [HEAT.TH]
Building=|

Hoospitals: clinics 2



Rule 2. I the synsct selected has a hypemym thal 1s made up of the same word as the
chosen enlry, 1t 15 sclecled as the main-concept. The category 1s assigned Lo thal main-
concepl as Lo (ull hyponyms and meronyms. For example, the synscl i health 1s made
up ol iff and health and therelore 118 a hyperaym of diseasei ], as 10 15 shown in:

1 Healshii: > HEALTH]

Rule 3. This rule resolves the problem of those words that are neirther direcily related 1n
WordNet nor are in some composed synset of a hyper‘hyponym relationships. We search
for categories with the hyponym gloss. The hypernym of the word disambiguated is
obtained in the taxonomy of WordNet, Then, all of the other words included in the
category in some gloss of an immediate hyponym synset of WordNet are checked, and
the lubel of the category is assigned to it. Also, this category label is assigned to all the
hyponym and meronym relationships,

Rule 4. When the word to be disambiguated is next to the root level (one or two levels),
that is, near the top of the taxonomy, this rule assigns the category only to this synset and
at all its hyponyms and meronyms. For example, the category [fuman Interest is
assigned to peaple®/, as it is shown in:

JroupHl, Jroupengfl

peoplekl - HEALTH]
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4 Interface

In erder (o build the enriched WordNet 1t 18 necessary the creation of a interlace (o label
WordNel with categories from different available classification systems. This interlace 18
made up ol a set ol computer programs that do all the work leading ultimaiely 1o a
labelled lexical knowledge base of WordNet.

This scction describes features of the design and mmplementation of the interlace Lo
oblain extensions and enhancements on the WordNet lexical database, with the goal of
providing the NLP community with additional knowledge.

‘The design of the interface is composed of four processes: (i) selecting the classifycation
systems and their categories, (1) resolving the lexical ambiguity of each word, {iii)
finding out the main-concept and {iiii} organization and format of the WordNet database.
‘These processes are illustrate in the figure 2.
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Figure 2 : Interface Process

In order to validate our study, we implemented the interface using programming
language C——. Tt is shown in figure 3, with necessary given cxplanations below. And
duc o the physical distance between the different members ol the group of invesligation
who use the interface, this has been developed to work through the local area network
(T.AN). The user interface offers the operations {ollowed:

Scleet the classification system. A classification syslens selection window conlaing
option huttons. The user clicks on the appropriate button Lo seleet the desired
classification system. We have considered Lthe classification systems such as TPTC,
Dewey classification, Library of Congress Classification and Roget's.

Open category. The user clicks on this command button to select a category of the
selected classification svstem in the previous step. The group of words that belong to the
selected category appear in the left text window of the interface, named Input Category.
Run Interface. The processes, resolving the lexical ambiguity and finding out the main-
concept, were implemented in a unique function. The command button Run Interface
allows one to run this function, and the output information that belongs to the group of
words of the selected category appear in the right text window of the interface, named
Output Labelled Synsets. This output information is made up of WordNet Sense Word
and Main-concept obtained for each word belonging to the category. For example:

WordNet Sense Word Main-concept
F10129713} disease® 1 110120678} <1PTC. Health= ill Health
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Save Category. I this command button 1s clicked, the information above 18 organizated,
formatied and storaged 1n the WordNet lexical databasce {or cach main-concept, their {ull
hyponyms and meronyms.

S - [-NTRRTE RIS W F-NNR

lestesTace Wordhel Ensichiment

1133

Liaeciffcarinn Sysiems

Figure 3; User Interface

5 Experiments And Results

In this section we will describe a set of experiments and the results obtained. The goal of
the cxperiments s o assess the cllectiveness ol the proposed method o enrich
semantically WordNet 1.6, with categories from the classification systems. A briel
description of the resources used 1s included 1n this section Lo introduce the reader 10 the
Lest environment.

51  Experiment 1

The first goal was to assess the ellectiveness ol the disambiguation of the Specilication
Marks method. It was carricd oul on random seniences taken from the Semantic
Concordance Corpus (Semcor [Mg93]) and Microsofl Encarta Encyclopacdia Deluxe
{(Encarta), and the IPTC Subject Reference System {(classilication sysltem). The method
tested on IPTC Subject Reference System but this method can also be applied to other
clagsification systems such as Library of Congress Classification{l.C), Roget’s
Thesaurus or Dewey Decimal Classification (12DC).

These classification systems are divided in categories or classes, which are in turn
subdivided into groups of words that are strongly related. In this work we intend to
enrich WordNet 1.6, with synsets that have been annotated with one or more categories
of the previous classification systems,

In the first approach we wanted to verify that, the Specification Mark Method can obtain
successful results, and therefore this method can be applied successfully on any corpus,
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The percentages ol correct reselulions achieved with these two corpora were Semceor
67.4% and Encarta 65,9% respectively. We should like to make a clear distinction,
however, 11 docs nol require any sort of training, no hand-coding of lexical entries, or the
hand-tagging ol texts. In the second approach we tested the Specilication Mark Mcethod
on word clusters relaled by calegories over IPTC Subject Relerence System. The
percentage ol correct resolution was 96.1%. This successiul percentage was because the
method uses the knowledge of how many of the words in the context are grouped around
a semantic class in the WordNet taxonomy. The experimental results” are those shown in
the following table.

Corpus Names

Toexts Ratio Values
Precision 67.4 %
Corestriered SEMCOR Recall 66.5 %

TCETTICT - z

Text (_.L)\-'L-‘-N-lgc 9.8,3 Y
IPrecision 6390 4%
ENCARTA Recull 65.1 %
Coverage O%.8 %
Classification IPrecision D6.1 %
Systom TPTC Recull 92.5 %
Coverage D68 %

5.2  Fxperimeni 2

Once 11 has been shown that the WSD Specification Marks Method works well with
clagsification systems, we tested the method of combining the semantic categories of
IPTC and WordNet.

Table 1 presents the totals results of the IM1C catepories, computed as the amount of
synsets of WordNet correctly labelled, synsets incorrectly labelled and words unlabelled
(synsets are not in WordNet),

To evaluate the precision, coverage and recall of the method, we applied the rules of the
section 2.2, and we hand checked the results for each word belonging to an IPIC
category.

Tolal | Correctly | lncorrectly
Catcgories | Number | Labelled | Labelled Wordy
e Words | Synsels Synsets | Unlabelled
IPT
TOTAIL 399 338 16 25

Table 1: Totals resulis of the IPTC calegorics

2 ziven by the ratio between total number of answered senses and toral number of senses, Precizion
is dofined as the ratio between correcty disambizuate s and total mumber of answered sonses, Recall iz
detined as the ratio betaeen corrcetly disambipuared senses and total number of senses,
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Precision is given by the ratio berween correctly synsets labelled and total number of
answered (correct and incorrect) synsets labelled. Coverage is given by the ratio berween
total nmumber of answered synsets labelled and total number of words. Recall is given by
the ratio between correctly labelled synsets and total number of words. The experimental
results are those shown in the following table.

Y Coverage Precision Recall
WordNet | o3 5, 95.7 % 89.8 %
Enrichment

We saw that if the Specification Mark Method disambiguates correctly and the rules of
the section 2.2. are applied. the method works successfullv. Howewver, if the
Specification Mark Method disambiguates incorrectly, the labelling of WordNet with
calegorics of TPTC is also done incorreetly.

6 Conclusion and Further Work

This paper has shown the WSD Specification Marks Mcthod 1o assign a category ol a
classification system to a WordNel synsel and their descendants and micronyms. We
cnrich the WordNet taxonomy with calegories of the classification systent

The experimental results, when the method is applied to 1PTC Subject Reference Sys-
tem. indicate that this may be an accurate and effective method to enrich the WordNet
taxonomy.

We have seen in these experiments a number of suggestive indicators. The WSD Speci-
fication Marks Method works successfully with classification systems. that is, categories
subdivided into groups of words that are semantically related. Although, this method has
been tested on 1I"TC Subject Reference Systems, but can also be applied to other systems
that group words about a single category. These svstems are Library of Congress
Classification (LC), Roget’s Thesaurus or Dewey Decimal Classification (IXDC).

A relevant consequence of the application of the Method to enrich WordNet is the
reduction of the word polysemy (i.e.. the number of categories for a word is generally
lower than the number of senses {or the word). That is, category labels (ie., TTEATTTL
SPORTS, cle), provide a way Lo cslablish semantic relations among word senses,
grouping Lhen into clusters. Therefore, this method intends o resolve the problenm of the
{incd-grainedness [TV98] of WordNet's sense distinetions.

Turthermore, now we able 1o perform variants ol W8T systems using domain labels
rather than synscl labels [MS0O].
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