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ABSTRACT

This paper describes the methodology of encodiad@thzilian
Portuguese WordNet (WN.Br) synsets and the automatic
mapping of WN.Br's conceptual relations of hyponyooy,
hyponymy, meronymy, cause, and entailment relatfoom
Princeton WordNet (WN.Pr). After contextualizing fireject

and outlining the current lexical database struetuand its
statistics, it is described the WN.Br editing tomlencode the
synsets, its glosses and the equivalence EQ_REIMSIO
between WN.Br and WN.Pr synsets, and to select sample
sentences from corpora. The conclusion samplesub@matic
generation of WN.Br's hyponymy and co-hyponymy qbnak
relations from WN.Pr and outlines the ongoing work.

1 INTRODUCTION

Natural language processing (NLP) initiatives tcsige, build, and
compile precise, rich, and robust lexicons for Napplications are
extremely time-consuming and prone to flaws tadgq7], [3] due to

the fact that lexicon developers are expected &zipand code huge
amounts of specialized and interrelated informatioas

phonetic/graphemic, morphological, syntactic, seimanand even
illocutionary bits of information into computatidnaxicons [4].
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Princeton WordNet (WN.Pr), for example, is a susfidssort of a
computational lexicon that has set the pattern dompiling bulky
relational lexicons systematically. An on-line t&aal lexical semantic
database, WN.Pr combines the designs of a dictjorend of a
thesaurus. Similar to a standard dictionary, itezsvnouns, verbs,
adjectives, and adverbs. After 18 years of reseatsh 998 database
version (v. 1.6) contained about 94,000 nouns, G®,@erbs, 20,000
adjectives, and 1,500 adverbs {S$imilar to a thesaurus, words are
grouped in terms of lexicalized concepts, which areurn, represented
in terms of synonym setssynsets i.e. sets of words of the same
syntactic category that share the same concepueltsstructure makes
it possible for the user to find a word meaningeinms of both the other
words in the same synset and the relations to otfeeds in other
synsets as well. Essentially, WN.Pr is a particamantic network and
its sought-after NLP applications have been dismidsy the research
community [6], [7].

Mirroring  WN.Pr's construction methodology, wordnebf other
languages have been under development. EuroWor@VEN) [8] is
the outstanding multilingual initiative. It is a ftilingual wordnet that
results from the connection of individual monoliajuvordnets by
means of encoding the equivalenE®-RELATIONS (see section 3)
between each synset of each individual wordnetthadlosest concept
represented by the so-called Inter-Lingual-Inddx)g which enables
cross-lingual comparison of words, synsets, conlegqitalizations, and
meaning relations from different wordnets [9].

Mirroring both WN.Pr's and EWN's initiatives, andxtending the
Brazilian Portuguese Thesaurus [10], [11], the Bieaz Portuguese
WordNet (WN.Br) project was launched in 2003 an@& tWN.Br
database has been under construction since theartinular, this paper
focuses on the coding of the following bits of imfation in the
database: (a) the co-text sentence for each wondifoa synset; (b) the
synset gloss; and (c) the relevant language-indigenhierarchical
conceptual-semantic relations of hyperngmlgyponymy, meronymy

1 The current version (v. 3.0) contains 101,863 npaAs529 verbs, 21,479 adjectives,
and 4,481 adverbs. See more detailst &fp: / / wor dnet . pri ncet on. edu.

2 The ILI is an unordered list made up of each symée¢he WN.Pr with its gloss (an
informal lexicographic definition of the concepto&ed by the synset).

3 The term Y is a hypernym of the term X if the gntienoted by X is a kind of entity
denoted by Y.

41f the term Y is a hypernym of the term X then them X is a hyponym of Y.
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(part-whole relation), entailmeéntand cause between synsets.
Accordingly, section 2 describes the current WNd&itabase and its
editing tool, an editing GUI (Graphical User Intré), designed to aid
the linguist in carrying out the tasks of constiugtsynsets, selecting
co-text sentences from corpora, writing synset sges specifying the
EQ-RELATIONS, and generating the alignments betwdem two
databases. Section 3, after addressing the issuesoss-linguistic
alignment of wordnets by means of the ILI, des@iliee conceptual-
semantic alignment strategy adopted to link WN.rsets to WN.Pr
synsets by means of the editing tool. Section Llcales the paper by
exemplifying the automatic mapping of the WN.Prbséyponymy and
co-hyponymy relations onto the WN.Br verb synsets.

2 THE WORDNET.BR LEXICAL DATABASE

Currently, the WN.Br database contains 44,000 wordhs and 18,500
synsets: 11,000 verbs (4,000 synsets), 17,000 n(®j680 synsets),
15,000 adjectives (6,000 synsets), and 1,000 ad\&fD synsets) [12].
The WN.Br project development strategy assumes mpommise
between NLP and Linguistics and, based on the idigif Intelligence
notion of Knowledge Representation [13], [14], agpla three-domain
approach methodology to the development of the bdat This
methodology claims that the linguistic-related mnfiation to be
computationally modeled, like a rare metal, mustrhmed", "molded",
and "assembled" into a computer-tractable systebh [Accordingly,
the process of implementing the WN.Br databaseei®lbped in three
complementary domains: (a) ithe linguistic domain the lexical
resources (dictionaries and text corpora), the afetlexical and
conceptual-semantic relations, and some sort otufah language
ontology of concepts” (e.g. the "Base Concepts" ‘angp Ontology"
[16]) are mined; (b) ithe computational-linguistic domaithe overall
information that was selected and organized inptieeeding domain is
molded into a computer-tractable representatiog. tbe "synsets", the
"lexical matrix", and the wordnet "lexical databai#eelf [5]); (c) inthe

5 The action Al denoted by the verb X entails théoacA2 denoted by the verb Y if Al
cannot be done unless A2 is done

8 The action Al denoted by the verb X is the cadgbeaction A2 denoted by the verb
Y.
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computational domain the computer-tractable representations are
assembled by means of the WN.Br editing tool.

2.1 The Linguistic Domain

The WN.Br database architecture conforms to the tkey
representations of the WN.Pr [5]: tlsgnsetand thelexical matrix
synsets are understood as sets of word-forms dwithe basis of the
notion of "synonymy in context", i.e. word-form @émthangeability in
some context [17] the lexical matrix [18] is intended to captures th
many-to-many associations between word-form andningai.e. the
association of a word-form and the concepts itcialide. The lexical
matrix is built up by associating each word-fornthe synsets to which
it is a member. Thus, a polysemous word-form wélldmg to different
synsets, for each synset is intended to represesihghe lexicalized
concept.

The WN.Br synset developers (a team of three Istghireused,
merged, and tuned synonymy and antonymy informatémistered in
five outstanding standard dictionaries of BraziliRortuguese (BP)
manually ([19], [20], [21], [22], [23, 24)) for there are no Brazilian
Portuguese machine readable dictionaries (MRDs)adner computer
tractable resources available. The NILC Coffarsl BP texts available
in the web complemented the corpus.

2.2 The Computational-Linguistic Domain

The WN.Br database structures in terms of two :liste List of
Headwords (LH), i.e. the list of word-forms arradgelphabetically,
and the List of Synsets (LS) (see Fig.1). Each WNu®rd-form
belongs to the LH and is associated to a Senseriptsn Vector
(SDV). Each SDV is co-indexed by three pointere tisynonymy
pointer", which identifies a particular synset hetLS; the "antonymy

7 Antonymy, on the other hand, is checked either rgainorphological properties of
words or their dictionary lexicographical inforntati

8 The dictionaries were chosen for their pervasive ofssynonymy and antonymy to
define word senses, which dictated the strategptwstruct the synsets by examining
the dictionaries alphabetically, instead of workmg synsets by semantic fields.

9 CETENFolha. Corpus de Extractos de Textos EleatasnNILC/Folha de S. Paulo. See
more details altt t p: / / waw. | i nguat eca. pt/ .
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pointer”, which identifies a particular antonym sghin the LS; and the
"sense pointer", which identifies a particular wéodm sense number
in the SDV. Given such an underlying structure hegymset is linked to
its gloss via the “gloss link”, and each word-foisrlinked to its co-text
sentence via the “co-text sentence link”.
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Figure 1: The WN.Br database structure.
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2.3 The Computational Domain

The WN.Br editing tool is a Windows®-based GUI tralows the
developers (a) to create, consult, modify, and ssymsets, (b) to
include co-text sentences for each word-form, écitite a gloss for
each synset (d) to align equivalent synsets ecpmeal EQ-
RELATIONS, (e) to code hyponymy and co-hyponymyatieins in the
WN.Br automatically, and (f) to generate synsetsligarranged by
syntactic category, by number of elements, by #gree of homonymy
and polysemy, and by co-text sentence) and WN.&is§its. Its main
functionalities include the storage and bookkeepafgthe general
information of the database.

The processes of using the editor can be betteerstwbd by an
example. Fig. 2 shows the basic steps of constigictynsets that
contain the BP verbléxicalizar’ (“to lexicalize™). In the first dialogue
box, the developer selects the appropriate syotaetiegory and the
expected number of synsets to be constructed thie. number of
senses); then, s/he clicks on theancar (“Next”) button. In the second
dialogue box, th&odas as Unidadeg"All Unities”) field pops up with
a list of the word-forms in the WN.Br database.cboistruct the synset,
the developer now selects the appropriate word-$dnom the list and
clicks on theAvancar button. In the third dialogue box, s/he concludes
the synset construction by clicking the FIM (“Endii)tton.

=1 Assistente da Wordnet.Br

eic
/  Adjetive
{ ] ~ ﬂ as
{ i N
¥  dvirbio 1 ot
1 <«
i 3 s
A " Substantivo "
14 \\ \ Synsetde Arianimo
1 L,\b  Verby . >
PSR «
v
: Avargary Cancelar
1 < Volar Cancelar 3
I cvola [ Fm Cencelar

Figure 2: The synset coding wizard.

Co-text sentences, glosses, and ID numbers (see 00} are
pasted/typed in directly in the editor approprifiedds. In Fig.3, the
large ellipsis highlights th&rase(s)-exemplo(*Sample sentences”, i.e
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the co-text sentences) field, and the small ellipgieGlosa (“Gloss”)
field and the ID number. Currently, the WN.Br dasb contains
19,747 co-text sentences: Table 1 shows the cosentience sources;
Table 2 shows the number of co-text sentencesypses

Table 1: Co-text sentence sources

Tabo-text sentence statistics

Source

N° of Co-text
sentences

NILC Corpus
Aurélio [19]
Houaiss [25]
Michaelis [20]
Web
unknown

7,659
732
1,761

Co-text sentences per
synset

Synse
ts
18,604
521

1
2
3 10

858
8,052
685

Total

19,747

Arquivo Edter WordNetBr Exbir ?

D] [-[e] 8] oo] Mo nl 2/ 1

Uridadzs | da Uridack [ Gosaefoutit INDEXAGAO ENTRE A WORDNET BR E A WORDNET DE PRINCETON (20)
I8¢ <arrebentar> <verh.change>  explodi
[2fFero0002132 00237054 = fazer explodi 8 <arebentar>
E explodiv Atrangiila e pacata Tandilest amedrontada -  fudo por causa de uma i amebentar; detonar,; estorer; estourar; explodi; explr; rebentar; voar;
Earchenr % £ EQ SMOM
E detonar 0 terroristss se assustaram e [detonaram a bomba, que afingiu diretam 4 1 exlte,detonate, o up, et off
{00297051} <verb.change >cause to explode
E estoirar Deitaram.-se foguetes que [festoiraram no ar. 8 “Weogoded he ko b
) .
E estourar Bombas ¢ foguetes llestouraram pela madrugada defronte a0 hotel da de Ve exoded e uckar bt
5 ol £ 0. change integrity
expluir x
E :! - et f— 2{ {00135037} <verb.change change in physical make-up
rebentar Rebent foquetes, as bancatas explodiram de alegria  até
E voar As primeiras bombas Jvoaram sobre os "erroristas" talebans. # Mool 8 0. derge
08 <barregar> <verh.cognition> §f {00106478) <verb.change undergo a change; became diffrent n ess
I8 BRO0003523 00695243 = demonstrar reagéo emocional violenta ) “she changed compleely asshe grew older”; The westher changed s
E explodir Quando Andrade Vieia [explodiu & anunciou a demiss3o, os partidos im 8, <haregars
E tarreg 1130 me intimida,ndo me 2ssustz, essa coisa que vemos alguns deputat ﬁ barraﬁar‘ berrar; berreﬁar‘ bradar: bradeiar; bramir; bravejar; condamar; deblaterar;
E terar E esbravear Vai ficar rouca de tanto [esbravear.
E berteg E esbravecer 0 Paulio lesbravecau: - Que isso, compadre, pra cima de mim o senh S
brad emofional reacton
€ 1 E esbravejar Iitado,  b2bado apantou o dedo para Odlon e esbravejou. /O vooaifl
bradej
=N 4 E esgoelar N3o cansamos de lesgoelar contra o protecicnisme americano.
ramif|
E bore] E estrilar 0 Prefeito tem razéo de estrilar. / Era o capitio que tinha que xingar, affouse or & reacton to sonething
E conciff [ £ 3|
E deblatfll L
1 action, or work out or perform (a
E estry ] explodi .
ve quicky”; The governar should a}
E esffall [Frase (s)-exemplo:
Eetf(a trangiiia e pacata Tandil esta amedrontada - e tudo por causa de uma bomba que [explodiu, na
E es madrugada de ontem, na boate Yamo,
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(GosalD efou L1:

MEC
<

Figure 3: A screenshot with a sample of co-textessres, glosses,
ID alignment) numbers

Glosas
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3 CROSSLINGUAL ALIGNMENT AND THE WN.BR CONSTRUCTION

The challenge to the WN.Br project has been toi§p#te equivalence
EQ-RELATIONS between WN.Br and WN.Pr (v. 2.0) symséor such
an alignment is the one that allows researchersnvestigate the
differences and similarities in the lexicalizatiprocesses between BP
and English, to develop an English-BP lexical dassbwhich can be
used in applications such as machine translatictesys and cross-
language information retrieval involving both lalages, and to
generate two types of MRDs: a monolingual BP MR anbilingual
English-Portuguese MRD [12]. Furthermore, and miosport for
wordnet developers, such an alignment makes itilplesthe (semi-
)automatic specification of the relevant concepi&hantic relations
(e.g. HYPONYMY, TROPONYMY, CO-HYPONYMY, etc.) in th
wordnet under construction. In particular, in theN\Br project, the
strategy has been tested successfully to genareltehyponym and co-
hyponym relations in the WN.Br verb database (3gé):

The cross-lingual equivalence relations betweerdnets are mined in
accordance with the types identified in [8], thecstled, self defining
EQ-RELATIONS (EQ-SYNONYM, EQ-NEAR-SYNONYM, EQ-
HAS-HYPERONYM, and EQ-HAS-HYPONYM). Linguistic
mismatches (lexical gaps, due to cultural spetisj pragmatic
differences, and morphological mismatches; overudifferentiation
or of senses; and fuzzy-matching between synsatd) tachnical
mismatches (mistakes in the choice of the apprtgpEQ-RELATIONS
as have been described in [9] are also accountedddiong the
alignment procedure. The equivaler®®-RELATIONS and cross-lingual
mismatches are molded into a computer-tractabkegeptation of the ILI-
record®’. The ILI-record is handy for the development, resiance, future
expansion, and reusability of a multilingual wordngispenses with the
development and maintenance of huge and compleantienstructures to
gather all the senses encoded by each individuanebinto a multilingual
wordnet, and makes the task of adding individuaidnet to a multilingual
wordnet less costly [9].

As shown in Fig.4, the structure of the WN.Br datsbhas been extended
to encode the cross-lingual equivalence EQ-RELATIOBESides the LH and
LS lists and the SDV pointers (see 2.2), each tysteacture has been
augmented with an additional vector to registeh libe wordnet standard
language - independent conceptual - semantitiores ( e.g. HYPONYMY,

10 An ILI-record is a WN.Pr (v. 2.0) synset, its glesd its ID number [9].
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WN.Br
BR0000 |—| empty sef
E1508 E1778 E7956
BR1846 |— | S2-E1508§ S1-E1778 S1-E7956
<EQ-NEAR-SYNONYM, 02469144>
E1508 E6649
BR2566 |—»| S1-E1508§ S2-E6649
<EQ-SYNONYM,
02470374>
E1306 E1508 E7702 E8861
BR3919 |—>| S2-E1306 S3-E1508 S22-E7702 S2-E8861
<EQ-NEAR-SYN, 02469144
WN.Pr
(2.0)
00000000 |—> |  empty set|
<verb.social> try, seek, Gloss: make an| Ex.: He tried to
attempt, | effort or attempt shake....
02454930 N essay, assay
Hypernyms:| Troponyms: Derivationally-related:
02296591 | {02470068 {007528006 ...}
-}
verb.social | risk, put on Gloss: expose tg Ex.: We risk
the line, lay | a chance of lesg your life?
02470374 N on the line
Hypernyms:| Troponyms: Derivationally-related:
02454930 | {02470068, {007528006...}
-}

Figure 4: The synset structure augmented with ghmaesemantic EQ-
RELATIONS.

TROPONYMY, CO-HYPONYMY, etc.) and the cross-lingual conceptual-semantic

EQ_RELATIONSbhetween synsets of the two wordnets. This new veotiches
the WN.Br database structure with the followingsertinguistic information:

the “universal” synset semantic type (e.g. <vediebe), the corresponding

English synset (e.griék, put on the line, lay on the lgthe English version

of the universal gloss (e.g. Expose to a chantmssfor damage), the English

co-text sentence (e.g. "Why risk your life?"), aFQIRELATIONS (€.g. EQ-
SYNONYM relation).
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The current WN.Br editing tool has three intercartimg modules
implemented as a GUI. Each module, in turn, makeessible for the
developer to carry out specific tasks during thecpdure for aligning

the synsets across the two wordnets: searching BReEnglish
dictionary, the WN.Br and WN.Pr databases, andnidie.

Indexar & WordNat 2.0 (Princeton)
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£y VR
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5 o chage
&8 00108479 <verb cangesundergo a hange; ecae difer
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WordNet.Br-
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=2 EQ_SNONM
= L explde, detonate, blow up, setoff
5] {usmsi)eve.changecause th expede
@ Ve expeed te ruckar bonb™
=g 0. change inegrity
-f 00135037 <verb change change i physica make-4p

1
£ 0. chinge
-] {00106478) <verb change sundergo & change; becare diferent i essence; losng ane's
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; barregar; errar; bermegar, bradar; bradefr;brair bravear; conclamar, debaterr; esravear; estra
- 2 EQ_SYNONM

) “She changec completely s she gren dder’; The neather c
& g 2 (6)exote, bust
# gh3. (Dexode
4 (3)exdode, bust fort, breekoosz
- 5 explode
- 6. explode
gy 7. explode
g 8. explode
-y . exlode, rmupt

Consutar pakavra em Ingiés na ViordNet

exlote j

Figure 5: A screenshot of the three-column GUIhef ¥YWN.Br tool.

The WN.Br database developer starts off the aligrirbg right clicking

on a target WN.Br word-form. As shown in Fig. 5¢ taditor in turn
displays its three column GUI: on its left, an aelibilingual BP-
English dictionary and a WN.Pr database searc#;fielthe middle, the
selected WN.Pr synset information; on its righg YWN.Br synsets that
contain the target word-form. The developer, in kb column, (i)

checks all possible English word-forms (eegplode, fulminate, blast,
burst, g9 that are equivalent to the target BP word-forng.(explodir)

with recourse to the dictionary and selects thergmte one (e.g.
explodg; in the middle and right columns, (ii) analyzbe possible
types of equivalence EQ-RELATIONS between the tets f synsets:
the ones in the middle column — the sets of syneétthhe WN.Pr
database (e.g.efkplode, detonate, blow up, set}offexplode, burgt

etc.) — and the ones in the right column — the sétsynsets of the
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WN.Br database that contain the target word-foreng.({arrebentar,
detonar, estoirar, estourar, exploder, expluir, esar, voa}, and
{barregar, berrar, berregar, bradar, bradejar, brami bravejar,
condamar, deblaterar, esbravear, esbravejd). In this particular
example, the resulting EQ-SYNONYM alignment explode, detonate,
blow up, set offand {arrebentar, detonar, estoirar, estourar, exploder,
expluir, rebentar, vogr

After the specification of alignments such as the above, Fig. 6
sketches how the WN.Br verb database inherits hggtonym and co-
hyponym relations from de WN.Pr verb database aatioally. After
the manual specification of the following EQ-SYNOMYalignment&t
tentar=try, apostar=gamble, and arriscar=risk, the WN.Br editing tool
generates the following relations automaticallyostar and tentar,
arriscar andtentar are hyponymsarriscar andapostar are co-hyponyms.

I
«“—> 1
1
WN.Br WN.Pr i EQ-SYNONYMY (given) '
: — 1
i HYPONYMY (given) '
! 1
" >
2126 || (02454930} || 1 L bonyMY (inherit, from) WN.Pr '
tentar > try .
! 7 :
! 1
A A 1 : CO-HYPONYMY (inherit. from) WN.Pr 1
1 1 o o o o o o4
3919 E {02469144)
apostar ! gamble
1
1
1
|
1
2566 | _1 L] {02470374}
arriscar risk

Figure 6: A sample of the automatic encoding
of hyponymy and co-hyponymy relations.

11 For short, Fig. 6 specifies the most representatived-forms of each synsetentar:
{tentar, ensaiar, experimentgr try: {try, seek, attempt, essay, agsagpostar:
{apostar, arriscar, jogar, pd gamble: {gamble, chance, risk, hazard, take
chances, adventure, run a risk, take a chdnaariscar: {arriscar, aventurar,
malparag; risk: {risk, put on the line, lay on the lihe
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4 FINAL REMARKS

In sum, this paper described the design and cordénhe current
WN.Br database, the procedures and tools for codymgets, co-text
sentences, glosses, language-independent concsptuahtic relations,
and conceptual-semantic equivalence EQ-RELATIONSe Dverall
procedures for constructing wordnets presentelisnpaper, though not
resorting to reusing existing resources, a curtentiency in the field
[26], devised a reliable, an efficient, and an engtic way of inheriting
WN.Pr’s internal relations in the task of constngtwordnets to other
languages.

On the way, besides the specification of the otheguage-independent
conceptual-semantic relations for the verb syn#eisthe encoding of (a)
a gloss for each synset of nouns; (b) a co-texteser for each noun;
(c) the mapping of the WN.Br noun synsets to itsieglent ILI-records
by means of the following equivalence relations ENONYM, EQ-
NEAR-SYNONYM, EQ-HAS-HYPERONYM, and EQ-HAS-
HYPONYM, and (d) the automatic inheritance from WHN.of the
relevant conceptual-semantic relations of hyponjygérnymy, co-
hyponymy, and meronymy/holonymy relations for nouns
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