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Abstract

In this paper we propose a small set of
lexical conceptual relations which allow

to encode adjectives in computational re-
lational lexica in a principled and inte-

grated way. Our main motivation comes
from the fact that adjectives and certain
classes of verbs, related in a way or an-
other with adjectives, do not have a satis-
factory representation in this kind of

lexica. This is due to a great extent to the
heterogeneity of their semantic and syn-
tactic properties. We sustain that such
properties are mostly derived from the
relations holding between adjectives and
other POS. Accordingly, our proposal is

mainly concerned with the specification

of appropriate cross-POS relations to en-
code adjectives in lexica of the type con-
sidered here.

Introduction

Avenida Professor Gama Pinto, 2
1649-003 Lisbon, Portugal

sara. nendes@l ul . ul . pt

lexical knowledge representations, playing a
leading role in this field.

One of the most salient undertaking in this
domain is EuroWordNet (Vossen, 1998), a mul-
tilingual database which stores wordnets for sev-
eral European languages that follow the same
main lines as the Princeton WordNet (Miller,
1990; Fellbaum, 1998) and are inter-related
amongst them.

EuroWordNet wordnets follow the Princeton
WordNet model, but they are richer concerning
both the number and the nature of conceptual
relations.

The work depicted here programmatically
adopts the EuroWordNet framework.

In general terms, it deals with the specifica-
tions for an accurate modeling of lexical knowl-
edge in a EuroWordNet wordnet-like database
for Portuguese (WordNet.PT, henceforth), spe-
cifically focusing on the lexical semantics of
adjectives.

Although WordNet.PT (Marrafa, 2001; Mar-
rafa, 2002) is being developed in the general Eu-
roWordNet framework, basic research has been
carried out on Portuguese in order to guarantee
the WordNet.PT accuracy. This work has al-

As well known, the experiment conducted byready led to some changes and new directions

Sﬁﬂgza'\r/:'”gosn gme?%tttatlhlg(:ggirégr%%e;::ﬁ]s cf. Marrafa et al., (2006) and Amaro et al.,
y P 2006), for instance).

Ir?alg'ﬁ(;l:\/seda:\:grr? e::osr?éeOfts!e)gﬁzlsZnSeﬁt)InCZpE:L:)a _In this paper we propose a small set of new re-
9 PLS. q Y, tions which allow a strongly empirical moti-

putational lexicon conceived as a semantic ne\iated encoding of the major POS in Word-

\(’Vl\ﬁirlrerhizgge_e;elﬁ;;{jm(thleggzr)')ncgsgnvi\{srdNetNet.PT, despite the fact that we particularly fo-

" L e PSY- cus on adjectives. The empirical issues at stake
choI(_)glc_aI pla_tu5|b|I|ty gnd Its cru_C|aI r_oIe for are described in section 2. In section 3 we dis-
applications like machine translation, mforma-Cuss the strategies adopted in previous work car-
tion retrieval and language learning SySteeried out both in WordNet and EurowordNet
among many others, this relational

~mar _ lexicon, - neworks, in order to make their shortcomings
model is being extensively adopted for maCh'n%pparent. In section 4 we present our proposal
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and argue for its relevance and soundness. Sec-Demonte (1999) classifies property ascribing
tion 5 presents some results concerning the eadjectives based on their intrinsic meaning, a
coding of adjectives in WordNet.PT. We con-classification combining syntactic and semantic

clude the paper with some final remarks. criteria to determine which adjectives belong to
o which class. Two main subclasses are consid-
2 Empirical I'ssues ered: descriptive adjectives and relational adjec-

Adiective semantic analvsis and representation tives. Each of these classes displays specific se-
J y p Mhantic and syntactic properties.

far from being a trivial issue, as adjectives show In languages like Portuguese, descriptive ad-

ahvair{c?:ggf:sla;;':gg'iﬂ;nbih%\gogng?nmegn'rl‘ijwe_ctives can occur both in attributive and predi-
9 P 9 cative contexts, while relational adjectives occur

?eurlefrqft CoglfxitésBaenlggclzzis i:‘?ceartei)oﬁ;eo?%iili\% almost exclusively in attributive contekt8oth
ypolog J renominal and postnominal positions are possi-

in the literature: semantic based classification le for descriptive adjectives in attributive con-
syntactic based classifications, classification§ex,[S Relational adjectives, on the contrary, can
r_egardlng the re'?‘.“o” holding between the adJeCc-)nly occur in postnominal ,position. Finally, ’de-
tlvisnoduﬁh\?vé?s dc;zeghilmijsns’uaend rsoo roens'ses i hascriptive adjectives are gradable, i.e. they can co-
prog ’ Beeur with degree adverbs, which is not the case

become clear that only a combination of syntacf-or relational adjectives. However, these criteria

tic and semantic criteria can offer interesting, . always sufficient to make a clear-cut dis-

::rfég?ri ?82ﬁﬁ;iglgt?oﬁdjcﬁc:ggg‘rﬂu'ng'r(r:]rgggaggttinction between relational and descriptive adjec-
tures. which mav set the basis for an aCCurattives. Demonte (1999) proposes some additional
’ y &riteria in order to make a more accurate distinc-

ltion between these adjectives: their occurrence
in comparative structures, and the formation of
é)olarity systems.

lexica. In this section we will briefly look at
some of the main adjective classifications.
Regarding the way adjectives relate to th
noun they modify, we consider two classe3'3)a
property ascribing adjectives (in (1)), which add( '
a new restriction to the properties introduced by
the modified noun; and reference modifying ad-
jectives (in (2)), which behave like a semantic
operator, taking the reference of the modified(4) a
noun as its argument '

O sabor desta laranja é mais doce do que o
daquela.

‘this orange taste is sweeter than that one's’
b. o rapaz alto / o rapaz baixo

‘the tall boy / the short boy’

*Este sabor é mais mineral do que aquele.
‘this taste is more mineral than that one’

b. o sabor mineral / *o sabor amineral

(1) o livro azul ‘the mineral taste / the amineral taste’

‘the blue book’
(2) o diamante falso

‘the fake diamond’ But most of all, and besides all the syntactical

contrasts we have mentioned above, there is a
clear contrast in the way these two adjective

.AdJeCt'VeS I|k_efalso (fake), for mstance,_deal classes relate to the noun they modify. Descrip-
with concepts instead of real or referential ob:

‘ects. showind how a concent apolies o a ative adjectives ascribe a single property, setting a
JECTS, Ving cept app ) & PaGalue for an attribute, whereas relational adjec-
ticular object. These adjectives constitute

) : > ives introduce a set of properties.
closed class with very particular properties,

which makes them somewhat close to semanti(%) o prédio alto
operators. In this work we will therefore focus ‘the high building’
on property ascribing adjectives.

1 This distinction betweeproperty ascribing adjectivesnd 2 Predicative contexts with relational adjectives gener-
reference modifying adjectives basically equivalent to ally ruled out in Portuguese. Nonetheless, someifgpe
the one used in the SIMPLE project (Lenci et 800® contexts, like contrastive contexts, for instarseem to
(extensionalvs. intensional adjectivesfollowing Chier- license predicative uses of relational adjectives:
chia and McConnel-Ginet (1990)) to address the sema
tics of adjectives. This distinction is also inchadin the (I) As proximas eleicdes sdo autarquicas, nao séao
EAGLES recommendations for a semantic typology of presidenciais.
adjectives. ‘next election will be autarchic, not presidalit
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(6) a inddstria alimentar its initial state. As argued in Marrafa (2005) and

‘the alimentary industry’ previous work, by default, verbs lidavar (to
wash) are associated to the following Lexical-

Looking at (5) and (6), we see that, whallko  Conceptual Structure (LCS’ in Pustejovsky

(high) sets the value of theeight attribute of (1991)):

prédio (building) tohigh, alimentar(alimentary)

does not ascribe a single property, but a set @8) [1 [r act(x,y)and ~ Q(y)], L(¥)1]

properties tdndustria (industry). Moreover, this ~ T:transition, P:process, e: event, Q: atomic event

set of properties corresponds to the main features

describing another nounalimento(food) in the When syntactically realized, the telic subevent

example above. In fact, the way properties argenerally corresponds to an adjectival constitu-

ascribed to the modified nouns in (5) and in (6gnt, like in the example below:

are quite different. Ascribing a singular property

usually corresponds to an incidence relation of9) Ele lavou a camisa bem lavada.

this property in the nominal referent, while as- 'He washed the shirt well washed'

cribing sets of properties usually entails more

complex and diversified semantic relations. In (9) the absence of the telic expressoam
However, despite the relevance of the descrigavada (well washed) does not induce ungram-

tive/relational dichotomy, it cannot account formaticality. However, in the case of verbs like
the following contrasts: tornar (to make, it seems impossible to assign a

value toQ independently of the telic expression.
(7) a. *Ele viu a Maria alta.

‘He saw Mary tall’ (10) a. Ele tornou a Maria triste.
b. Ele viu a Maria triste. ‘He made Mary sad’
‘He saw Mary sad’. b. *Ele tornou a Maria.

'He made Mary'

Both alta andtriste are descriptive adjectives,
but they do not behave in the same way regard- Along the lines of Marrafa (1993) and further
ing secondary predication. work, verbs liketornar (to maké are assumed
We can refine the classification, consideringhere to be LCS deficitary, the telic expression
for instance, the opposition between accidentdilling the gap of the LCS of the verb.
properties and permanent or inherent properties As shown below, the troponyms of these verbs
(this distinction goes back to Milsark (1974;incorporate the telic state:
1977) and Carlson (1977)). According to this
distinction, the property denoted jta (tall) (12) a. Ele entristeceu a Maria.

belongs to the latter class and the property de- 'He saddened Mary’
noted bytriste (sad) to the former one. However, b. *Ele entristeceu a Maria triste.
as pointed out by Marrafa (2004) and previous 'He saddened Mary sad'

work, the characterization of adjectives on the o _
basis of this dichotomy is not straightforward, The grammaticality contrast above is due to
since certain adjectives are ambiguous with rethe fact thaentristecer(to sadden) incorporates
gard to those properties, as it is the caseiste  the telic state. This justifies that this verb can be
(sad). In the example aboveste (sad) denotes paraphrased biprnar triste (to make sad).
an accidental property, but in an expression like In this section We_ha\_/e mainly focused on
um livro triste (a sad book) it denotes a permafroperty ascribing adjectives. We have consid-
nent property. ered two main subclasses, descriptive and rela-
Intuitively, we can say thatriste (sad) ex- tional adjectives, briefly presenting their syntac-
presses a state tfisteza (sadness), but we let tic and semantic behavior with regard to grad-
the discussion of the status of this relation out ofbility, formation of polarity systems and their
the scope of this paper. occurrence in predicative and attributive (both
Nevertheless, this kind of adjectives is ofpronominally and postnominally) contexts and
great importance to model telic verbs. The secomparative structures. We have also addressed
mantics of telic verbs involves a change of statéhe issue of adjective relation with the noun they
of their theme argument, i.e. the subevent thanodify. Different adjective behavior regarding
closes the whole event is an atomic event, (8¢condary predication is also discussed and ana-
state) that affects the theme and is different frortyzed in terms of the opposition between acci-
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dental and permanent properties. The properties In WordNet, descriptive and relational adjec-
discussed in this section should be encoded tives are distinguished, first, by being encoded in
computational relational lexica such as wordnetsseparate files, and second, by the relations hold-
ing between synsets.
3 Adjectives in WordNet and in Eu- Descriptive adjectives are organized in clus-
rowordNet ters of synsets, each cluster being associated by

. . . _ semantic similarity to a focal adjective which is
Hyponymy is the main structuring relation bothjinyeq to a contrasting cluster through an an-

in WordNet and in EuroWordNet. However, they, .,y rejation. Therefore, antonymy is the ba-
semantic organization of adjectives is entirely;j. ‘semantic relation used in WordNet to encode
different from that of other POS: nothing like theyeqcriptive adjectives. As argued for in Miller
hierarchies of hyponymic (in the semantic or(19gg) this cluster organization of adjectives
ganization of nouns) and troponymic relationseemg to mirror psychological principles. In fact,
(in the semantic organization of verbs) is availy,ig grganization is clearly motivated if we rec-
able for adjectives. Even if it is possible to ﬁndognize that these adjectives main function re-

some small local hierarchies, hypero-ya.4s the expression of attributes, and that an
nymy/hyponymy is far from being the crucial jnortant number of attributes are bipolar.

semantic relation in the organization of adjec- Rgjational adjectives, on the other hand, do

tives in relational lexical databases such ag,: nave antonyms. Therefore, they cannot be
wordnets. organized in opposite clusters. As pointed out by

Howev((jar, scf)me authli)rs working V‘_’(ijthindthﬁLevi (1978), the intrinsic meaning of these ad-
EuroWordNet framework have reconsidered the, yes is something along the following lines:

possibility of encoding hyponymy for adjectives. ot \|ating/pertaining to, associated with’ some

Hamp and Feldweg (1998), in the development, , The way these adjectives are encoded in

of GermaNet, abandon the cluster organizatiogyorqNet mirrors this as it links relational adjec-
of WordNet in favor of a hierarchical structurlngftiVes to the nouns they relate to.

of adjectives, arguing for a uniform treatment of |, GermaNet a distinct treatment of relational
all POS. Even though taxonomic chains of adjecs g gescriptive adjectives is abandoned, as the

tives yield rather flat in comparison to those Oldistinction between these two classes is consid-
nouns and verbs, these authors claim to deriVgaq to be ‘not at all clear. Nonetheless. the
more str_uctural information from these smally/orqnet strategy for distinguishing betV\}een
taxonomies than from clusters, as they seek @erent adjective classes is maintained: listing
eliminate what they_co_n5|der to be the ‘rathefayicalitems in different files
fuzzy concept of indirect antonyms’. Even - ag nointed out in the previous section, even if
though the concept of indirect antonymy is N0, gistinction between these two classes is not
completely clear, it is not obvious to us why thisyaus clear-cut, testing adjectives against the
fact should entail that adjectives must show &g of syntactic and semantic criteria presented in
hierarchical organization instead. section 2 allows us to distinguish descriptive
In ItalWordNet, Alonge et al. (2000) also or- 4 rejational adjectives. We consider that this
ganize adjectives into classes sharing a Slgstinction can be mirrored in the database via
perordinate. These classes correspond 1o adj€gjs semantic relations expressed in the network,

tives sharing some semantic features, and algyiective listing in different files not being there-
generally rather flat. These authors argue for the, - necessary. In order to do this we propose

possibility of inferring semantic preferences and,qyeral cross-POS relations. since in the Eu-
syntactic characteristics of adjectives found ino\wordNet model. unlike \}vhat happens i

the same taxonomy. The SIMPLE project adyyorgNet where each POS forms a separate sys-

dresses the semantics of adjectives in a similggy, it js possible to relate lexical items belong-
way, identifying a set of common features rele-

I L N ing to different POS. Such an approach has the
vant for classifying and describing adjective be- g PP
havior. However, as n_Ot_ed _b_y Pet_ersu an_d P_etegsGermaNet classifies the adjectives into 15 seroanti
(2000)1_ even though 3|m||a”t|es_ exist adJeCUV_eS classes, following the classes proposed by Hundsher
belonging to the same semantic class may differ and Splett (1982), with some minor changes: percep-
from each other in numerous ways”, i.e. the tional, spatial, temporality-related, motion-rethtenate-

classes established in this way are not homoge-rial-related, weather-related, body-related, moeldted,

neous. spirit-related, behaviour-related, social-relatgdantity-
related, relational and general adjectives. Oneciape
class is added for pertainyms.
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advantage of coping with adjective representathe definition of adjective clusters. We argue
tion in lexical semantic databases without usinghat conceptual opposition does not have to be
strategies external to the lexical model, such asexplicitly encoded in wordnets, since it is possi-
priori semantic classes or separate files corrdsle to infer it from the combination afynonymy

sponding to different classes. and antonymyrelations (see Mendes (2006) for
_ o more details).
4  Relating adjectives, nouns and verbs Concerning relational adjectives, even though

they are also property ascribing adjectives, they

mation can be extracted from the hierarchicatinta” more complex and diversified relations
. ; : etween the set of properties they introduce and
organization of lexical items, namely of nouns

nd verbs. However. extending wordnets 1o alﬁhe modified noun, often pointing to the denota-
a o St gV - tion of another noun (cf. section 2). We use the
the main POS involves a revision of certai

mmonly used relations and the specification gfs related torelation to encode this.
co y P Therefore, the characterizes with regard

sez\(laral rCf\C/)iSS-F:Or?] rﬁlt?tlr(])nd&th t adiectives sho to/can be characterized bgnd theantonymy
v ? pre rguslyr N mon(; ? i]ijze(ii n Thu;Yelations, for descriptive adjectives, and fbe
a very particuiar semantic organization. telated torelation for relational adjectives, al-

encoi(?imgti ar?JefCt'Vrfsm'Q rvvofrdpets_;gllsssl;or;;;i ows us to encode the basic features of these ad-
specitication ot a humber ot Cross [ectives in computational relational lexica such

relations. Here we use these cross-POS sema_n'gg wordnets, while making it possible to derive

relations to mirror adjectiv_es main features Ir111embership to these classes from the relations
wordnet-like databases, which allows us to makgxpressed in the network

a(rlljectl\éeinc![ﬂssgswsn:(kerge from the relations ex- Another issue regarding adjectives is that they
presse € network. have a rather sparse net of relations. We intro-

According to the strategies discussed in I\/Ienéluce a new relation to encode salient characteris-

des (2006), we present here the relations we dics of nounsis characteristic dhas as a char-

gﬁgwa{]%wa?ﬁégpéfﬁorﬁ t?) nggorlfe i?;;ﬁ';sspﬁe_ teristic to be 'I_'hes_e character_istics are ofter_1
nomena expressed by adjectival expressions. Although in
' terms of lexical knowledge we can discuss the

4.1 Relating Adjectives and Nouns status of this relation, it regards crucial informa-
tion for many wordnet-based applications,

To put it somewhat simplistically, descriptive namely those using inference systems, allowing
adjectives ascribe a value of an attribute to &, richer and clearer synsets.

noun. We link each descriptive adjective to the p|5q it may allow for deducing semantic do-

attribute it modifies via the semantic relation,1ins from the database. as it makes it possible
characterizes with regard to/can be character-, identify the typical serﬁantic domains of ap-

ized by. Thus, instead of linking adjectives plication of adjectives. Research on the classes
amongst themselves by a similarity relation, folnq semantic domains emerging from the rela-
lowing what is done in WordNet, all adjectives;jqng expressed in the database is still ongoing.
modifying the same attribute are linked to the 15" the combination of these relations al-
noun that lexicalizes this attribute. This way, anqoys s to encode a less sparse net of adjectives.
in combination with theantonymyrelation, we  pegjdes the importance of having a more dense
obtain the cluster effect argued to be the basis @t from the point of view of wordnet-based ap-
the organization of adjectives (Miller, 1998; yjications, as mentioned above, this is also cru-
Fellbaum et al, 1993), without having to encodgig| with regard to relational lexica such as
it directly in the database. wordnets themselves, as the meaning of each
_As shown by word association tesisfonymy it is determined by the set of relations it holds
is also a basic relation in the organization of deyith other units. Thus. a denser network of rela-
scriptive adjectives. Nonetheless, this relationjong aliows for richer and clearer synsets. Fig. 1
does not correspond to conceptual oppositiony sirates this idea, presenting an example of the
which is one of the semantic relations used f%ay adjectives are being encoded in Word-
Net.PT.

It is undeniable that important structural infor-

4 This semantic relation is very close to tisea value
offattributesrelation used in WordNet. We have changed
its label in order to make it more straightforwaodthe
common user.
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(n){SI’lakel is characteristic of h | i d
[ i H characterizes with regard to
Eﬂggﬁg}} (adjicreepingt} 1_}/2 (n){locomotion1)

(adj){biped1, two-footed

(adj){quadruped1, four-footed/

is characteristic of

(n){ruminant1}

is hypernym of is characteristic of

(adj){herbivorousl characterizes with regard to
is near-a}ntonym qii, characterizes with regar (n){farel,feed i ng 1
(adj){carnivorous1
is related

(adj){alimentaryl

is related to
(n){goat1} (adj){caprinel}
is hypernym of (adj){youngl}
\1}5 antonym of

characterizes with regard to

is characteristic of (ad]){0|d1} (n){agel}

(n){kids}

Figure 1. Fragment showing relations between adjectives and’nouns

. " In these cases, we use théc sub-eventela-
4.2 Relating Adjectivesand Verbs tion to relate the verb to the expression corre-
We also introduce new semantic relations to ersponding to the incorporated telic information:
code telic verbs in the database (on this issue see

also Marrafa, 2005; Amaro et al., 2006). (14) {saddef has_telic_sub-event spd
As shown in section 2, the facts render evident  {sad  is_telic_sub-event ofsadde
that the representation of LCS deficitary telic (defeasable)

verbs has to include information regarding the
telic expression. Obviously, it would not be ade- The global solution is schematically pre-
quate to overtly include in the synset all the exsented below:

pressions that can integrate the predicate, among
other reasons, because they seem to constitute an has telic sub-event

open set. Rather, we claim that we can captur {make} e ——2{state}

the telicity of these verbs by including a new |is hypernym Ol, _ lis hypernym g
relation in the set of internal relations of word- {saddenm e S-SVl o}

nets: thetelic sub-eventelation, as exemplified Sis tefic sub-event of

below.

=

Figure 2. Relations between adjectives and verbs
(13) {makeg has_telic_sub-event sfatg
{statg is_telic_sub-event_ofpaké As shown, theelic sub-eventelation straight-
(defeasible) forwardly allows the encoding of lexical telicity
in wordnets, in accordance with the empirical
Relatingmaketo state by means of this rela- evidence.
tion, we capture the telic properties of the verb It should be noticed that the existisgb-event
and let the specific nature of the final state unkelation in the EuroWordNet framework is dif-
derspecified. This way, we also account for théerent from the relation proposed here. It only
weakness of the verb selection restrictions. Astands for lexical entailment involving temporal
expected, we can also use this relation to encodoper inclusion. Therefore, it does not account
telicity in the case of the troponyms of the clas$or the geometry of the event. On the contrary,
of verbs discussed in section 2. the telic sub-eventrelation regards the atomic
sub-event that is the ending point of the global

5 Word senses presented here correspond to Princetcﬁwvent'
WordNet synsets (2.1 version).
% The relation is not obligatory in this direction.
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5 Encoding adjectivesin WordNet.PT ior, namely with regard to secondary predication.
) ) Here, we model these distinctions in Word-

As previously mentioned, the proposal presenteflet PT via cross-POS relationsharacterizes

in this paper is mainly concerned with the specigjith regard to/can be characterized ty model

fication of appropriate cross-POS relations tQyescriptive adjectives introducing permanent

encode adjectives in computational relationahroperties; has_telic_subevent/is_telic_subevent

lexica. ~ to model descriptive adjectives associated to ac-
In order to test whether the set of relationgigental properties; and therelated tato model

presented here is appropriate and allows the eps|ational adjectives.

coding of adjectives in wordnet-like lexica, we \oreover, we make apparent that increasing

have 'introduced a selection of Portuguese adjegye expressive power of the system has an impor-

tives in WordNet.PT. _tant impact in precision concerning the specifica-
In the first phase of the WordNet.PT projections of all POS, mainly induced by the cross-

mostly nouns were encoded in the databas@os relations.

Thus, we have mainly focused on the encoding This way, we provide a simple and integrated

of relations between adjectives and nduff@-  sojution for a complex and heterogeneous prob-
ble 1 presents the number of entries and relationg,_

specified at the present stage.
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