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Abstract

In this paper we will show how Italian eledronic dictionaries have been built within the methoddogical
framework of Lexicon-grammar. We will seethe structure of eledronic dictionaries of simple and compound
words, and we will show how to analyse texts employing these linguistic tools within INTEX, a morphologicd
analyser. Finally, we will show how eledronic grammars (built with INTEX) interad with dictionaries and all ow
reaognition of sequences of simple and compound words in large wrpora.

I ntroduction

We present the system of Italian morphdogica dictionaries (the DELI system) which has
been developed at the Department of Communicaion Science of the University of Salerno.
We will seehow these dictionaries can be anployed in order to index atext. Finaly, we will
examine the nstruction d locd grammars which, interading with dctionaries, allow precise
tagging of sequences of words.

1. Theltalian Electronic Dictionaries

The DELI system contains svera eledronic dictionaries of simple words and d compound
words. The dedronic dictionary of simple words, named DELAS, contains abou 100.000
Italian entries to which an alphanumericd code has been assgned. This code refers to the
grammaticad category of the word and to its inflediona paradigm. What follows is an
example of the DELAS dictionary:

dot t ore. N80

cortese. A79

amare. V3

di . PREP

| ent anent e. AW
the noun (N) dottore is given above in masculine singular canonic form. The aljective (A)
cortese is in the masculine singular canoric form. Verbs (V) are listed in the infinitive form,
as amare. Those items which do na inflect are asdgned a @de indicating only the
grammatica category, as above shown for the prepasition di and the alverb Ilentamente. The
numericd code refers to specific inflectional algorithms. For example, code 80, associated to
nours, corresponds to the endings:

N80
ms fs mp fp
-e -esaa - -ese

thus indicaing that al nours as dottore, i.e. campione, professore, etc., infled by adding to
the root -e for the masculine singular (ms), -essa for the feminine singular (fs), -i for the
masculine plural (mp) and -esse for the feminine plural (fp). On the other hand, adjectives
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encoded A79, as cortese but also tribale, etc., can be described by the foll owing inflectional
model:

A79
ms fs mp fp
-e -e -i -i

in which the masculine and feminine singular (ms and fs) on ore side, and the masculine and
feminine plural (mp and fp) on the other, correspondto the homographic forms cortese and
cortesi.

The dgorithm for verbs is more complicaed since it has to refer to 40 forms referring to
simple tenses. Therefore, verbs like amare, abbandonare, imparare, etc., are encoded as V3
which corresponds to the foll owing endings and grammeticd values:

V3

ind/pr(30,3i,3a,3iamo, 3ate, 3ano)

imp(3avo,3avi,3ava,3avamo, 3avate, 3avano)

passr(3ai,3asti,30,3ammo, 3aste,3arono)

fut s(3erd,3erai,3era,3eremo, 3erete, 3eranno)

imperat(-,3a,3i,3iamo, 3ate,3ino)

cong/pr(3i,3i,3i,3iamo, 3 ate,3ino)

imp(3assi,3assi, 3asse, 3ass Mo, 3aste, 3assero)

condpr(3erei, 3eresti,3erebbe, 3eremmo, 3ereste, 3erebbero)

part/pr(3ante,3anti)

pass(3ato, 3ata, 3ati, 3ate)

ger/pr(3ando)
For example, the first line of the list abowve indicates that in arder to form the Indicaive
Present (ind/pres) of the verb amare, it is necessary to delete the last three daraders of the
infinitive form of the verb and add o for the first singular person, i for the second singular
person, a for the third singuar person, iamo for the first plural, ate for the second gural, and
finally ano for the third plural.

Using DELAS and its infledion codes, a software dlows to automaticdly generate &l
infleded forms. The result will be the dedronic dictionary of inflected forms of Italian simple
words, named DELAF, which has the foll owing structure:

ama,amare.V 3:.Imper2s cortese,cortese. A79:fs
ama,amare.V 3:IndPres3s cortese A79:ms
amai,amare.V 3:IndPassls cortesi,cortese. A79:fp
amammo,amare.V 3:IndPasslp cortesi,cortese. A79:mp
amandoamare.V 3:Ger di,di.PREP
amanoamare.V 3:IndPres3p dottore.N80:ms
amante,amare.V 3:PartPres:ms:fs dottoressa,dottore.N80Q:fs
amanti,amare.V 3;PartPres:mp:fp dottoresse,dottore.N8C:fp
amare.V3:Inf dottori,dattore.N80:mp

|entamente,|lentamente. AVV

The DELAS-DELAF dictionaries contain simple words which are formally defined as
sequences of characters between blank spaces or separators. On the other hand, dctionaries
of compoundwords contain thase words which are formally defined as sequences of words,
they contain spaces or separators. Compound words are @nstrained sequences of words
which can have ather a metaphoricd meaning as cavallo di battaglia, which means
“something at which somebody particularly excds, somebody’s favourite piece” or a
“neutral” or technical meaning as carta di credito, in English credit card. Compoundwords
are onstrained sequences of words, since the substitution d lexicd elements within the
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sequence with synonyms most of the time produces unacceptable cmompounds, as the foll owing
examples ow:

(cavallo + *puledro) di battaglia (carta+ *tessera) di credito

cavallo d (battaglia + combatti mento) catadi (credito + *fido)

Furthermore, it is not passble to change the second acurrence of the nounin the plural form:
*cavallo di battaglie
*catadi crediti

The only morphdogical variation can be gplied to the heal of the whole compound,that is
the first noun @currence:

cavalli di battaglia

catedi credito

The dedronic dictionary of compoundwords, named DELAC, contains abou 50.000Italian
entries to which grammatical codes have been assgned. These wdes refer to the grammaticd
caegory to which the item belongs and to its internal structure and morphdogicd behaviour.
In the foll owing examples of the DELAC dictionary:

cavallo d battaglia,N+NPN:ms-+

catadi credito,N+NPN:fs-+

pesce spada,N+NN:ms-+

casamadre,N+NN:fs-+

agente speciale,N+NA:ms++

ata aricaN+AN:fs-+
the ompounditems are followed by a symbd of part of speech (N); the separator “+” is
foll owed by the internal structure of the mmpound.The first two items are formed by a Noun,
a Preposition and a Noun (NPN); the third and fourth items are formed by two nours (NN),
the fifth item is formed by a Nounand an Adjective (NA), while the last item is formed by an
Adjedive aad a Noun (AN). Columns are foll owed by the gender and number: the examples
are ather masculine singular (ms) or feminine singular (fs). Finally, two marks indicate éove
morphdogicd variationsin gender and number. If the variations are accepted then the mark is
“+” | if they are not accepted the mark is “-”. The interna structure defines the dement of the
compoundwhich infleds: compound which belong to the dass NPN inflect the first noun,
compound which belongto the dasses NA and AN infled both elements, while mmpound
which belong to the NN class can either inflect both nours, as lingua madre(fs) - lingue
madri(fp), or only the first noun,as pesce spada(ms) — pesci spada(mp). Once we dify the
morphdogica behaviour of compound nousin such away, a set of computational routines
allows to automaticaly generate the DELACF, that is the dectronic dictionaries of infleded
forms of Italian compound nous, which has the foll owing format:

agente speciale N+NA:fs++

agente speciale N+NA:ms++

agenti specidi ,agente speciale.N+NA:fp++

agenti specidli ,agente speciale.N+NA:mp++

alta aricaN+AN:fs-+

alte cricheatacaricaN+AN:fp-+

catadi credito.N+NPN:fs-+

catedi credito,cartadi credito.N+NPN:fp-+

casamadre.N+NN:fs-+

case madri,casa madre.N+NN:fp-+

cavalli di battaglia,cavall o di battaglia. N+NPN:mp-+

cavallo d battaglia N+NPN:ms-+

pesce spada.N+NN:ms-+

pesci spada,pesce spada.N+NN:mp-+
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2. The Automatic Morpho-lexical Analysis

Oncedictionaries of simple and compoundwords are built, it is possble to apply them to texts
by means of the programme INTEX of morpholexicd analysis. This ftware has been
developed by Max Silberztein and alows to load eledronic dictionaries of simple and o
compoundwords gructured in the way shown above. INTEX applies both dictionaries to a
text and bulds the dictionary of that text which will contain nd only simple words but aso
all compound noun present in the text. This gep alows to reagnize and hghlight within a
text all compound:

- Che storie dicona? - chiedo. - o nonso niente. So chelei ha un negozio, senza l'insegna

luminosa. Manonso nemmeno dov é.

Me lo spiega. E' un negozio d pellami, valige earticoli da viaggio. Non & sulla piazza

della stazione main uravialaterale, vicino a passaggio a livello dello scalo merci.
and also to buld afrequency list for them:

1 articoli daviaggo

1insegnaluminosa

1 passagio alivello

1 scalo merci

Such an indexation is extremely reliable for the management of technicd and scientific
documentation. Technical documents contain a lot of terminology which includes mostly
compound nous. INTEX gives us the passhility of loading more than ore dictionary, so, the
user can buld na only a DELACEF for generic compounds but also specialized dctionaries of
compound belonging to various fields such as Econamy, Engineeiing, Computer Science,
and so on. It is then pcsshble to analyze technicd texts on the base of such dctionaries. The
foll owing text in which compound have been highlighted is an example drawn fron an article
of the Italian econamics newspaper il Sole 24 ore (the whole aticle antains 84 lines):

Politica econamica, anno zero. E I' assenza di impegni precisi e credibili contro |I' inflazione

continua atenerein tensione i mercati.

Nei mesi che hanno preceluto la svalutazione della lira € stato ripetutamente e

autorevolmente aff ermato che la gtabilita del cambio rappresentava l'asse portante di tutta la

padlitica econamicaitaliana. La linea di condotta seguita nelle prime settimane dal Governo

Amato era sembrata merente cn tale enurciazione:

1il riconoscimento dell'autonomia della Bancad'ltali ;

2 |'aff ermazione della priorita assluta dell 'obiettivo anti-inflazionistico;

3l blocco delle contrattazioni salariali nel settore pubblico;

4 |'acordodi fine luglio coni sindacati.

A fr-équency list which contains terminologicd compound nous give us the posshility to
immediately understand the specific content of this article. Such an index provides a picture of
the content of the text (the index which follows was built onthe whale aticle):

stabilit a del cambio
svalutazonedellalira

8 pditica eonomica 2 manovradi bilancio

5 finanzapubblica 2 tas® d inflazone

4 pditi camonetaria 1 debito pubblico

4 crescitamonetaria 1 abbassamento dei tasd
3 piorita asluta 1 dstribuzione del reddito
3 tass diinterese 1 dfferenzidi di interesse
3 Banca catrae

3 assportante

2 vaorerede

2

2
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3. Local Grammars

Eledronic dictionaries give us the posshbili ty of recognizing within texts words and sequences
of words as defined by dictionaries. INTEX allows to reagnize combinations of smple and
compound words, thanks to the interaction between dctionaries and gammars. INTEX
contains a tod which alows to construct local grammars on the model of finite state
automata. These grammars can be based na only on words but also on the non-terminal
symbals contained in the dictionaries. For example, in order to identify al compound nous
followed by an adjective which agrees in gender and number with them, we @nstruct the
following grammar:

=HW HPH ms=|
=B s
EHWwAN ms=
EHWHH ms=

A s

EHW PN =
FHW A 5=
EH AN 5=
EHWHH 5=

EHHEPH mp=
= NA mpe=
EHW AN mp=
EHWHH mp=

A fe=

A mp=

=M HPH fp=
=H WA =
MW AN o=
EHWHHN o=

A fpe

If we goply such agrammar to atext, INTEX will highlight all occurrences of this pattern and

subsequently construct concordances for that pattern:
trovare espressione siain accresciuti differenziali di interesse redli, Siain undeprezzamen
uttalapadlitica eonomicaitaiana. Lalineadi condotta sequita nelle prime settimane dal Gov
ppresentaval'asse portante di tuttala politica eonamicaitaliana. Lalineadi condata segui
anti-inflazionigtica. Se questa € lapdlitica eonamicaitaliana si sarebbe tentati di dire
ziore si traducanointegralmente in una spintainflazionistica aggiuntiva. Se la crescita monet
apitali); ) massmo contenimento delle spinte inflazionistiche derivanti dalla svalutazione de
vi sufficientemente saldi per tollerare tassi di interesse penalizzanti a qual che asta,accompag

una sceltarealmente impegnativa.2. Il tasso di inflazione programmato €' stato patato dal 3,

rzata dalla prospettiva di adesione al'unione monetaria eiropea) dalla priorita assoluta dell’

Hence, eledronic dictionaries on e side, and the posshbili ty of constructing grammars which
interad with dctionaries on the other give us the posshility of automaticdly analyzing large
corpora, considering not only words but aso sequences of words.

4. Other samples

Other electronic dictionaries and locd grammars give us the paosshility of recognizing
complex insertion d simple or compoundwords into idiomatic sentences.

If we observe the frozen sentences with the verb prendere (170 sequences) we can construct a
clasgficaion o 10classes:
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Class Sample
Cz prendere aria
CD prendereil largo
Cl prendere un granchio
CPC prenderela palla al balzo
PC prendere N a calci
CDN prendereatto d N
CAN prendereil cuorea N
CPND prenderele mosse daN
CPNZ prendere gustoa N
CPHN prenderela palladi mano aN

We onstruct adictionary of noun phases
alla/rete,alla/rete.PC: PR
animo,animo.CZ:PR
ariaaria.CZ PR
armi/e/bagagli,armi/e/bagagli.CPC:PR
atto,atto/di.CDN: PR
bianco/per/nero,bianco/per/nero.CPC: PR

andalocd grammar:

1

kozpR-
bk CLEE>
 CD: PR
KD TE:
p— kPO DR
e Y <FREF-
Amares FCPTH IR Pk
<X kOO FRs  r—PAAS
—s * k0 AH-DE g
W <FREF>
CDH:PE AT
2Cx <FADL-
[=CPHL:PE- PRED=
L CPHIDR- “FREE-
ECEHLEERs P iin
]
=
PADIF
<FADI-
PAD A
<FADA>
T AT
FAL>
PASF
<FAS=
IdiomPrendere

If we take in account the foll owing discourse:
Maria, dopo aver preso la sua amica @n le mani nel sacco, ha deciso che fosse necessario
prendere immediatamente la situazione di petto.

we have amorpho-syntadic analysis of the text:

amica amicare V8:Q2s
amica amicare V8:X3s



JADT 2000 : 5% Journées Internationales d’ Analyse Statistique des Données Textuelles

amica amico AS87:fs
amica amico N87:fs
avere avere N608ms
avere avere V1

con con PREP

con con PX

con le mani nel sacco

deciso decidere V34:Ums
deciso deciso A88:ms

di di N602fp

di di N602fs

di di N601Lmp

di di N601:ms

di di PREP

di di PX

di petto di petto PC:PR

dopo dopare V3:X1s
dopo dopo AVV

dopo dopo CONG

dopo dopo N608ms
dopo dopo PREP

ha avere V1:X3s

ha ha ESC

ha ha N601Lmp

ha ha N601:ms
immediatamente immediatamente
la la DET41:fs

la la N601Lmp

la la N601:ms

la lo PRON88:fs
le la DET41:fp

le le PRONG607:fp
le lo PRONB88:fp
mani mani  N606mp
mani mano N49:fp

nel nel PA306:ms
petto petto N7:ms
prendere prendere V251
preso prendere V25:Ums
preso preso A88ms
sacco sacco N10:ms
situazione situazione  N46:fs
sua suo Al15fs

sua suo PRON115fs

con lemani nel sacco PC:PR

AVV

If we gply thelocd grammar IdiomPrendere we have immediately a goodanalysis:

Maria, dopo aver preso la sua amica con le mani nel sacco, ha deciso che fosse
necessario prendere immediatamente la situazione di petto.

The labels of the parsing are the foll owings:

{Maria,.?}

({dopo,dopare.V3: X1s} + {dopo,. AWV} + {dopo,.CONG} + {dopo,.N608:ms} + {dopo,.PREP})
({avere,.N608:ms} + {avere, V1:1})

({preso,prendere.vV25:Ums} + {preso,.A88:ms})

({la,.DET41:fs} + {la,.N601:mp} + {la,.N601:ms} + {la,l0.PRON88:fs})

({sua,su0.A115:fs} + {sua,su0.PRON115:fs})
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({amica,amicareV8:Q2s} + {amica,amicareV8:X3s} + {amica,amico.A87:fs} +
{amica,amico.N87:fs})

{con/le/mani/nel/sacco,.PC: PR}

({ha,avere.V1:X3s} + {ha,ESC} + {ha,.N601:mp} + {ha,N601:ms})
({dedso,decidere.V34: Ums} + {deciso,.A88:ms})

({di,.N60Lmp} + {di,.N601:ms} + {di,.N602:fp} + {di,.N602:fs} + {di,.PREPR + {di,.PX})
{prendere,.V25:1}

{imnediatamente, AV}

({la, DET41:fs} + {la,N601:mp} + {la,.N601Lms} + {la,|0.PRON8S:fs})
{situazione,.N46:fs}

{di/petto,.PC: PR}
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