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CONTRASTING THE CONCEPTUAL LEXICON
OF ILSP (CL-ILSP) WITH MAJOR
LEXICOGRAPHIC EXAMPLES
Georgia Maniati, Voula Gotsoulia & Stella Markantonatou
Institute for Language and Speech Processing/“Athena” RC

ge.maniati@gmail.com, vgotsoulia@gmail.com, marks@ilsp.gr

epidnyn

AvnimapafBddlovue 10 evvorodoyid Aekikd g EAAnvig (CL-ILSP) mov avantigoer 10
Ivotitovto Enelepyaciog Tov Adyov pe tpia Aebikoypagind mapadeiyuata: 1o «Avriredi-
kov», T0 WordNet ko 1o FrameNet. Aciyvovue mwg o evvotodoyixé povtédo tov CL-ILSP
ovvOValer To TAEOVERTAUATA TWY TIO TIGAVW TIOPWY AVTADVTAG THY OPYAVWTIKH TIPOOTITIKY]
10V amtd 11 Sdkpron petakd Snpaivovrog ko Znpauvouévov. Kevipikd podo éxer n avamna-
phoTaon TnG anpaciodoyikis cuvdgeias Twv Aékewy péow ¢ ekppactikhc Svvauns Twv
ovrodoyiwv. H ovyxpion Paciletar ot onuaciodoyikd media Iepi Yyeiag, Iepi Téxvns kot
IIepi Eumopixic Xvvaddaync mov éyovy /61 kwdikomomnOei kau wepiéyovy mepioodTepes amd
2000 Aééelg.

Keywords: lexicology, lexicography, lexical semantics, conceptual lexicon, ontology, NLP

1. Introduction

Conceptually organised lexica, such as Roget’s Thesaurus of English Words (Roget
1911) have been highly influential in the international lexicography. In Greek lexi-
cography, Antilexikon by Vostantzoglou (1962) is a prominent example of a lexical
resource linking semantically related words. Driven by advances in (psycho)-linguis-
tic and NLP research in the 20th century, WordNet (Fellbaum 1998) and FrameNet
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(Baker et al. 1998) were developed independently of each other and constitute major
paradigms in the domain of conceptually organised lexica.

Conceptually organised lexica are useful for looking up words with few clues, solving
the “tip of the tongue problem’, e.g. one can look up the word “surgery” starting from
the verb “to injure”. In addition, various types of NLP applications (e.g. information
retrieval, question answering, etc.) can benefit from modeling lexical similarity at a
semantic level. To this end, besides hand-coded resources, various lexical similarity
models have been developed; latent semantic analysis (Landauer and Dumais 1997),
probabilistic topic models (Griffiths et al. 2007), distributional semantic models map-
ping words to vectors capturing their linguistic context, i.e. co-occurrences with other
words (Pad6 and Lapata 2007, Baroni and Lenci 2010).

As regards Modern Greek, significant alphabetically organised lexical resources have
been published relatively recently. Also, a small number of lexical resources that at-
tempt a conceptual organisation, mostly restricted to relations such as synonymy and
antonymy, have been made available; Enniolexon (Malakos 2005), Lexiko Synonymon-
Antonymon (Babiniotis 2011), Neurolingo (Tsalidis et al. 2009) and the ILSP/“Athena”
RC conceptually organised lexicon (CL-ILSP from now on) (Markantonatou and Fo-
topoulou 2007, Markantonatou et al. 2010), among others.

Conceptually organised lexical resources are evaluated against language coverage
and organisation of the lexical material. CL-ILSP’s strengths, compared to key lexi-
cal semantic resources that group together words with similar meanings, lie at its or-
ganisation principles. CL-ILSP both amplifies WordNet’s descriptive power and maps
FrameNet's complex semantic networks to simpler conceptual structures. Below, we
describe CL-ILSP’s organisational perspective and emphasize on the modelling of the
notion of semantic similarity/relatedness. CL-ILSP is encoded with the Protégé ontol-
ogy-editing tool (Noy et al. 2003), so that relations among words that are only implicit

in printed lexica become explicit.

2. Background: key lexical semantic resources
2.1. Antilexikon

Antilexikon (Vostantzoglou 1962), that draws heavily on Roget (1911), is the only con-

ceptually organised Modern Greek dictionary. It is an onomasiological dictionary (it
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leads the user from relatively known to relatively unknown words) contrary to traditi-
onal dictionaries that use known words to interpret unknown ones (Hartmann 1998).

Antilexikon is structured in hierarchically organised thematic fields. Thematic fields
are represented as nodes in the hierarchy; they are labeled with one word, one “local
top concept’, and subsume semantically related words and phrases. Under each con-
cept node, the words are further classified into “modules” containing synonyms and
related words. The semantic relation among these “modules” is meaning similarity
whose precise nature is left unspecified. Antilexikon groups together all semantically
related words and phrases regardless of lexical category; it clearly is much more than a
lexicon of synonyms/antonyms.

Antilexikon consists of three main parts: the local top concept hierarchy, the main
part and an index of the linguistic material. At the concept hierarchy, Vostantzoglou
followed the organisation and classification of the concepts made by Roget (Trapalis
et al. 2005). In the main part, linguistic material is grouped into modules subsuming
semantically related words, distinguished in terms of individual senses. Finally, lin-
guistic material is organised in alphabetical order in the index, where for each word
the number of the concept under which it has been classified is given.

Concepts are bifunctional in Antilexikon (Trapalis et al. 2005). They function as se-
mantic nodes under which the linguistic material is organized, and they form the liai-
son between the concept hierarchy and the main part of the dictionary that contains
the lexical entries.

Antilexikon’s aim was educational (i.e. to make speakers aware of the expressive
richness of Modern Greek) as well as facilitative to speakers who sought for the right
word in each communication situation. Although Antilexikon can be used as the basis
for the creation of any conceptual lexicon for Modern Greek, Trapalis et al. (2005) note
that its material needs to be updated. We would add that relations among words need

to be made explicit to facilitate both humans and the machines.
2. 2. WordNet

WordNet (Fellbaum 1998) is the largest database of lexical sense relations for English.
It can be viewed as a database of non-domain specific open class words, consisting of
three individual databases; one for nouns, one for verbs and one for both adjectives
and adverbs.

Each of the three databases contains sets of words, where each word is annotated
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with a set of senses (Jurafsky and Martin 2009). Each sense has a dictionary style defi-
nition (gloss), a list of near synonymous words (synset) and, in some cases, examples
of usage. WordNet’s representational unit is the synset, that is a list of synonymous
words representing a concept. Each word is classified into one or more synsets (e.g.
nouns have an average of 1.24 synsets) and in each synset it has a unique sense, e.g. the
word “trade” is part of the WordNet synset {deal, trade, business deal} with the gloss “a
particular instance of buying or selling” and of the synset {trade wind, trade} with the
gloss “steady winds blowing from east to west above and below the equator” among
others. As the databases are split according to lexical category, each synset contains
only words of the same lexical category: WordNet resembles a lexicon of synonyms.
WordNet differs from an onomasiological dictionary as it explicitly specifies a set of
relations, namely semantic relations between word meanings and lexical relations bet-
ween word forms. Semantic relations are defined among synsets, with the hyperonymy/
hyponymy or Is-a relation (Miller 1995) being the backbone of the database’s organi-
sation. That is, each synset is related to its immediately more general and more specific
synsets and eventually all synsets are connected to the root (Entity for the noun hierar-
chy). Other important relations are meronymy (Part-whole) and antonymy (Opposites).

WordNet is commonly used for word sense disambiguation, among other tasks.
2. 3. FrameNet

The FrameNet project (Baker et al. 1998) is a lexical database for English that models
lexical meaning in terms of the semantics of events. It is based on the theory of Frame
Semantics (Fillmore 1982), according to which every word evokes a semantic frame,
and it has been built drawing on annotated example sentences from large corpora.

FrameNet’s representational unit is the semantic frame, a linguistic entity that struc-
tures experiential entities and corresponds to descriptions of prototypical events and
their participants. Frame evoking elements (words) have similar argument structures
as well as number and type of semantic arguments. Roles specific to a frame are called
frame elements (FEs). These can be core elements, that are always present when a spe-
cific frame is evoked distinguishing it from others, the so-called non-core elements,
that can be realised in more than one semantic frames.

» o«

For example, the Commerce-Buy frame subsumes the words “buy.v’, “buyer.n’,
3 » » <«

“client.n”, “purchase.n”, “purchase.v’, “purchaser.n” and is defined as follows (Fill-
more 2006):
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These are words describing a basic commercial transaction involving a Buyer
and a Seller exchanging Money and Goods, taking the perspective of the Buyer.
The words vary individually in the patterns of frame element realization they
allow. For example, the typical pattern for the verb BUY: Buyer buys Goods

from Seller for Money.

Words grouped within the same frame share aspects of their meaning. Verbs, nouns,
adjectives, adverbs as well as multiword expressions illustrate the event, and the the-
matic roles illustrate the semantic relation of a predicate with its arguments. Inheri-
tance is the strongest relation between frames and corresponds to a non-strict version
of the Is-a ontological relation.

FrameNet furnishes training data for semantic role labeling algorithms, by specify-
ing where the arguments of each predicate are likely to be found (Baker et al. 1998).
It also makes a valuable lexicographic contribution by documenting the use of indivi-

dual words.

3. CL-ILSP
3.1. CL-ILSP’s conceptual model: classes and relations

CL-ILSP distinguishes the word level from the semantic level. Grammatical and func-
tional properties of lexical items are represented by the ontology branch rooted at the
Signifier class, i.e. the word level. Word meanings are represented by the ontology
branch rooted at the Signified class, i.e. the semantic level, and are linked with lexical

items at the Signifier branch (Figure 1).

ZHMAINON [ ZTHMAINOMENO }

Figure 1| The upper part of the ontology: the root Thing expands into the Signifier (CHMAINON)
and the Signified (XSHMAINOMENO) branches.
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At the word (i.e. the Signifier) level (Figure 2), lexical items (including collocations
and multiword expressions) are represented as instances of classes, linked to one an-
other in terms of relations encoding different types of properties. Lexical relations in
CL-ILSP include morphological relations (Has allomorph, Is morphologically related
to, etc.), lexical semantic relations (Has synonym, Has antonym), functional relations
(Has translation, Has specific use). Via the Instantiates relation, lexical items are linked
to instances of semantic classes (word meanings) rooted at the Signified. In other

words, the Instantiates relation relates the signifier with the signified.

pml IYNAEIMOZ®

D”m AP@P[F’
ANT::NYMIA

n— ﬁ MEPoz TDY AOTOY — oPATHE ﬁm MONAAAT®
AOMH
ﬂPDBEZH
EMTIPPHMAE
THMAINON

Figure 2 | The Signifier (C(HMAINON) level of the ontology

At the semantic (i.e. the Signified) level, semantic classes (called Concepts) directly
subsume other semantic classes, capturing the semantics of events or states-of-affairs
(soas) and participating entities. Instances/sub-concepts of the semantic classes, called
Lexical Classes are related with instances of the Signifier and may group together words
that are interchangeable in some contexts. They represent word senses and provide the
means for representing synonymy.

As illustrated in Figure 3 below, Ilepi Epnopikig Zvvailayng (About Commer-
cial Transaction) and ITepi Epmopov (About Merchant) are Concepts, i.e. classes at
the Signified branch of the hierarchy. «KaBe guowé npdowmo mov aoxoleital pe To
eunoplo» (any individual who is occupied within the field of trade) is an instance of
[Tept Epmopov. «Epmopac», «etmopikogy, «eunopevdlevog» (merchant) are instances
of the Signifier branch that are related with «kd8e oo pocwmo mov acyoleitat

pe to eunodplo» with the relation Instantiates/Instantiated in Language by. Similarly,
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«eunoptkog» (commercial) is an instance of Signifier that is related with Instantiates/
Instantiated in Language by relation with «mov oyetiCetou pe Tov éumopo» that is an

instance of the class Ilepi Eunopov.

éunupng"iumpm‘ﬂ

Eunnpmﬁgﬂ Eunupsuﬁuwm,ﬂ
-
mou mfrrttf'rm UE TOV Eum
K n ELTOL LUE TO

TMEPI EI"«'1ITDIF’IZIITr

ETTATTEAMA
ETAIT EAMATIAL

W EPTAAEICD

MEPL EMITOPIKHI EIYMAAAATHE EIAQZ X“

enzzTHMH” N\
MEPT 10I0E EPFAEZIAE

Figure 3 | The lexical class of trader within the Commercial Transaction field: (i) classes of Signified (upper case
characters), (ii) instances of Signified (lower case letters without a red index) (iii) instances of Signifier (lower

case characters with a red index) related with instances of Signified.

There are two kinds of relations at the Signified level: those linking classes across
the various branches of the hierarchy, and the Is about (ITepi) relation that links
concepts in a mother-daughter relationship. The former relations represent lexical
semantic relations such as Has hypernym, Has hyponym, Afflicts entity, Entity af-
flicted by, Entity that causes, The effect of, Has the quality of, Is the quality of, Part of,
Consists of, Is term of, Is the action of. The latter (Is about) represents the notion of
semantic relatedness. Semantic relatedness in the lexicon is structured in terms of
the semantics of events and state-of-affairs, and entities participating in these (see

example Figure 4).
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MEPI NOMIZXMATOX

_ < MEPITEXNIKHE METABIBAZHE
MEPI ZYNAAAAKTIKOY MEZOY D ,
D i

MEPI ATOPAXTH D
MEPI OHKHX ZYNAAAAKTIKOY MEXOY

» MEPI EMNOPIKHX ZYNAAAALHY —— NEPTEMAOPOY

= » MEPI TIMHZ

TR T B MEPI EMMOPEYZIMOY EIAOYE

< IEPITOMNOY EMMOPIKHE SYNAAAATHE

Figure 4 | The structure of the Commercial Transaction field (IIEPI EMITOPIKHY SYNAAAATHS). The se-
mantic classes (concepts) are linked to it via the Is about relation.

Up to the present, more than 2000 words have been encoded in CL-ILSP, covering 4
semantic fields (Table 1).

Semantic | Concepts | Lexical | Lexical | Relations per | Relations per
field classes items Lexical class | Lexical item
(AVG) (AVG)

Commercial 9 412 648 3,12 1,51
transaction

Health 17 560 1.028 3,22 1,72
Art 11 193 317 3,13 1,47
Body parts'* 0 51 69 2,5 1,66
Total 37 1.216 2.062 3,14 1,6

Table 1 | CL-ILSP’s semantic fields, population and relations.

1 The “Body parts” semantic field has not been fully structured yet.
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3.2 Creation and population of the About Commercial Transaction semantic
class

For the development and the population of the classes of CL-ILSP, a mixture of top-
down and bottom-up procedures has been reported (Tzortzi and Markantonatou
2014). We follow the same technique while developing the About Commercial Trans-
action field.

The definition of the top concept About Commercial Transaction was made on the
basis of Antilexikon’s organisation, where the top concept Transaction (AocoAnyia) is
situated under the general node Values (top-down procedure). From this point on, the
procedure was corpus-driven (bottom-up), and resulted in the definition of 6 “lower”
concepts and the encoding of 648 words.

The corpus-driven population of the concept was made on the basis of a small num-
ber of verbs undoubtedly relevant to the event of commercial transaction: «ayopaw»
(to buy), «ywvifw» (to shop), «Eodevw» (to spend), «movAdw» (to sell), «epmopebopan
(to merchandise/to trade). This set of verbs is used as a “seed” in order to delineate
and populate the semantic field with concepts. Note that the first three seed verbs were
chosen so as to take the buyer’s perspective on the event of commercial transaction
while the last two adopt the seller’s view of the event.

A large number of sentences containing the seed verbs were retrieved from the Hel-
lenic National Corpus (HNC)® and retrieved examples were annotated for the seman-
tic function of the verbal complements. For example, given the buyer’s perspective,
the agent semantic function “points” to the type of entity Buyer, while patient “points”
to the type of entity Commodity. Eventually, the roles/semantic functions that system-
atically appeared in the seed corpus sentences, formed the About Commercial Trans-
action sub-concepts. As illustrated in Figure 4 above, these are: About Buyer, About
Merchant, About Commodity, About Means of Transaction, About Case/Receptacle
of Means of Transaction, About Currency, About Method of Transfer, About Place of
Commercial Transaction.

Based on our corpus driven research, we ended up incorporating a number of dis-
tinct Antilexikon classes within the general concept About Commercial Transaction.
In Antilexikon, these classes are situated “close” to the Transaction class and under

the general node Values. Among them are: Price, High Price, Low Price, Commodity

2 http://hnc.ilsp.gr/
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(Epmopevpa), Merchant (Epmopog), Buy(n) (Ayopd), Sale (TIwAnon), Place of Trans-
action (Tomog ZvvaAaywv), Money (Xpnua), Currencies (Nopiopota), Treasury
(Tapeio). We also incorporated lexical units of at least 21 separate Antilexikon classes

(professionals and people who provide goods or services in exchange for money).
3.3. Evaluation of CL-ILSP with respect to key lexicographic examples
3.3.1. Antilexikon

In Antilexikon, semantic relations among concepts are left implicit. In CL-ILSP, se-
mantic relations are explicitly encoded at the Signified branch. In particular, the ex-
plicit Is about semantic relation among the concepts facilitates both humans and ma-
chines, because it provides a consistent modeling of the unspecified notion of meaning
similarity. In Antilexikon, the meaning similarity relation that connected the indi-
vidual “modules” under each general concept was left unspecified. Furthermore, in
CL-ILSP, as in Anilexikon, a word can “be part of” different classes, through multiple
inheritance.

Finally, in comparison to Antilexikon, that was last edited in 1962, CL-ILSP’s devel-
oped semantic fields reflect the current state of the Greek language. For the popula-
tion of CL-ILSP, Antilexikon was used as a starting point, but obsolete (no-longer in
use) vocabulary was omitted and new words were obtained from a combination of

resources (Lexiko tis Kinis Neoellinikis, Babiniotis 2002, Kriaras 1995).
3.3.2. WordNet

CL-ILSP’s instances of the Signified that are instantiated by lexical items (instances of
the Signifier) are roughly equivalent to WordNet synsets. CL-ILSP’s strength, com-
pared to WordNet, comes from the combination of fine-grained lexical semantic rela-
tions, such as hyponymy, with a general, conceptual relation, the Is about relation. It
is the Is about relation that yields a much richer semantic organisation of words and
their meanings.

In WordNet, for example, the word “trader” is associated with the words “bargainer”,
“dealer”, “monger” (members of the same synset). The word “merchant” forms a synset
with the word “merchandiser”. None of these words is associated with lexical items such

as “contraband”, “bargain”, “cost”, “bank”, “save money”, “bidder”, etc. CL-ILSP’s con-
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ceptual model, by contrast, allows such connections. The semantic classes instantiated
by lexical items such as «\aBpeundpio» (contraband), «kootifw» (to cost), «tplmeor
(bank), «amotapedw/Palw Aetd otnv dkprp (to make savings), «mAetodotne» (bid-
der) are allowed to be linked, via the Is about relation, to the class Ilepi Epmopikrg
Svvardayng (About Commercial Transaction), or to the classes Ilepi Eundpov (About
Merchant) and ITepi Zvvahaxtikov Méoov (About Means of Commercial Transac-
tion), that are in turn related with Iepi Eunopikrg Zvvalhayrg.

CL-ILSP currently lacks some of the (semantic) relations employed in WordNet.
Some of these relations, such as the troponym relation, are dealt with the Is about rela-
tion. The Is about relation seems to be more appropriate than troponymy because it al-
lows for a relation among events and their subevents, and among events and their main
types of participants. It is not an Is-a relation that poses problems when it is applied
on events. Furthermore, its ontology of lexical and semantic relations is consistently
structured to enable the distinction of different levels of linguistic analysis: for example,
the lexical relation Is Morphologically Related to, that links words such as «Bepanedw»
(to cure) and «Bepameia» (treatment), has semantic counterparts, e.g. the relation Is the
Action of, linking the semantic classes instantiated by «Bepanevw» and «Bepameiar (i.e.
«avdktnon e vyeiag» (recovery) Is the Action of «amokaBiotw ua PAAPN 1 avwpalio

Tov opyaviopod» (to restore a fault or abnormality of the organism)).
3.3.3. FrameNet

In terms of associated words, concepts in CL-ILSP may be equivalent to a frame in
FrameNet. For instance, the class ITepi @epaneiag roughly corresponds to the Cure
frame. More frequently, words associated with a concept in CL-ILSP will evoke more
than one FrameNet frames, that may or may not be connected to one another with
some kind of frame relation. For instance, classes instantiated by the words «movAdw»
(to sell), «ayopdlw» (to buy), «e§dyw» (to export), «eundpio» (trade), «twAnon» (sale),
«ayopd» (purchase), «e§aywyiko eunodplo» (export trade) are all encoded under the
concept ITepi Epmopikrg Zuvailayrg (About Commercial Transaction). In FrameNet,
the English equivalents of the words above evoke a number of distinct frames, i.e.
Commerce Buy, Commerce Sell, Commerce Scenario, and Exporting. Frame defini-
tions are semantic interpretations of words’ argument structure properties, and frame-
to-frame relations are bound to these definitions.

The above frames are connected in terms of the following relations (3):

CONTRASTING THE CONCEPTUAL LEXICON OF ILSP | 719



o Commerce Buy Is Perspective on Commerce Goods Transfer

o Commerce Sell Is Perspective on Commerce Goods Transfer

o Commerce Goods Transfer Is Subframe of Commercial Transaction
o Commercial Transaction Is Subframe of Commerce Scenario

« Exporting Uses Commerce Sell

Thus, relating the words “buy” and “commerce” requires the successive establishment
of frame-to-frame relations as depicted in the above complex structure. CL-ILSP’s
strength lies in that its Is about relation (roughly equivalent to FrameNet’s Uses relati-
on) implements a much simpler and intuitive semantic organisation of words related
to events and their participants, leaving frames’ semantic components (underlying
FrameNet’s complex network of relations) out of its scope or, put differently, purpose-
fully underspecified.

Furthermore, words such as «¢unopog» (merchant) and «epndpio» (trade) thatin CL-
ILSP are subsumed by the concept Ilepi Epmopiknig Zuvarhayrg (About Commercial
Transaction), seem to remain unrelated in FrameNet. In FrameNet, the word “trader”
evokes the People by Vocation frame that currently bears no relation to any of the
frames in (3) or other frames related to the commercial transaction event. Encoding
“trader” both in People by Vocation and e.g. in the Commerce Scenario frame would
wrongly indicate that the word is associated with two distinct senses, as the meaning
of “trader” is the same in both frames. In CL-ILSP such examples are modeled with
multiple inheritance relations: that is, the word «épumopog» (merchant) is associated
with the single low-level semantic class «kd0e puowkd mpdowmno mov acxoAeital pe T0
eunoplo» (any individual who is occupied in the sector of trade), but this class, that
captures the word sense, is allowed to be linked with more than one Concepts (i.e. one
related to professions and another related to the commercial transaction event) as il-

lustrated in Figure 3.

4. Conclusions and future research directions
To conclude, we note that while CL-ILSP combines the strengths of both WordNet and
FrameNet (WordNet-like fine-grained lexical relations, FrameNet-like rich semantic

organisation), clearly adding to the descriptive efficiency of WordNet and mapping

FrameNet's complex semantic networks to simpler conceptual structures, its organi-
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sational perspective is different than that of either of these resources. Relying on the
expressive power of ontologies, it explicitly sets out to model the notion of semantic
relatedness of words, treating it as ontologically separate from linguistic properties of
words, such as argument structure, that are modelled at the lexical, not the semantic
level.

Following this organisational evaluation of the resources, future directions lie into
evaluating the semantic model of CL-ILSP in terms of a specific natural language pro-
cessing application (e.g. question answering).

As CL-ILSP’s development and lexical coverage expansion is in progress, a reengi-
neering of the lexicon is being designed with the emphasis to be given on enhance-
ments of its semantic organisation. Distributional semantic models are to be explored
so as to automatically acquire CL-ILSP’s concepts and speed up the process of po-
pulating the lexicon, while any morpho-syntactic information is to be automatically
acquired from other databases conversing with the dictionary, as has been done for the
“Idion” MWE database (Markantonatou et al. 2015).
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