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Outline of the talk

What is a lexical resource?

Traditional vs. computational lexicography.

Introducing Typed Predicate Argument Structures (T-PAS
resource).

Methodology to acquire T-PASs from corpora.

Linguistic issues.

Proposed solutions.

Conclusion and ongoing work.
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What is a lexical resource?

A lexical resource is a repository of information associated with words,
such as word senses, part(s) of speech, typical combinations,
idiomatic expressions, semantic relations, argument structure ...

Typically, they are available in digital format and can be queries
through a query system.

They are for both computational applications and linguistic analysis.
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WordNet

WordNet focuses on the representation of semantic relations between
words and word senses.

Entry points in WN are synsets - which are sets of cognitive
synonyms - each expressing a distinct concept, compiled on the base
of psychological assumptions regarding the semantic relations
holding among words in the mental lexicon (Miller 1995, Fellbaum,
2008).
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WordNet
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Traditional and computational lexicography

Traditional lexicography tends to rely on introspective data.

Computational lexicography uses evidence found in large collections of
digitalized texts (corpora) that can be quickly accessed through
sophisticated corpus query tools such as the Sketch Engine (cf.
Kilgarriff et al. [2004]).
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Goals of computational lexicography

Apply computer technology to dictionary-making: use software tools
(dictionary writing systems, DWS) that are designed to manage
the entire process of producing a dictionary, from the compilation of
entries to final publication.

Build computational lexicons designed primarily not for human
users but as components of computational systems intended to
process natural language with the goal of enhancing human–machine
interaction.

The first electronic lexicons in the 60’s were digitalized versions of
ordinary dictionaries and thesauri (so called machine-readable
dictionaries).
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The T-PAS resource

T-PAS is a repository of Typed Predicate Argument Structures for
Italian, acquired from corpora by manual clustering of
distributional information about Italian verbs.

Under development at the Dept. of Humanities of the University of
Pavia, in collaboration with the Human Language Technology Group
of Fondazione Bruno Kessler (FBK), Trento.

Technical support of the Faculty of Informatics at Masaryk University
in Brno (CZ).

For linguistic research and to be exploited in semantic processing
tasks.
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Resource architecture

The resource consists of three components:

A repository of T-PASs linked to lexical units (verbs).

An inventory of about 230 corpus-derived semantic classes for
nouns, relevant for assigning a specific interpretation to the verb in
context;

A corpus of sentences that instantiate T-PAS, tagged with lexical unit
(verb) and pattern number.
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Resource Overview

The first T-PAS release contains 1000 analyzed average polysemy
verbs (for a total of 4241 patterns), selected on the basis of random
extraction of 1000 lemmas out of the total set of fundamental
lemmas of Sabatini Coletti Dictionary 2008.

Verbs have been selected according to the following proportions: 10%
2-sense verbs, 60% 3-5-sense verbs, 30% 6-11-sense verbs.
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What counts as a Typed Predicate-Argument Structure?

A Typed Predicate Argument Structure (T-PAS) is a corpus-derived
predicate argument structure with the specification of the expected
semantic type for each argument position, assigned by generalizing over
the lexical set (Hanks 1986) that typically fill each argument position in
the corpus.

[[Human]-subj] partecipa a [[Event]-iobj a]

Lexical set [[Event]] = {gara, riunione, selezione, manifestazione,
seduta, cerimonia, conferenza, votazione, elezione, celebrazione,
esequia, competizione, maratona, discussione, messa, festa, marcia,
fiaccolata, trattativa, missione, commemorazione, incontro, concorso,
convegno, raduno, iniziativa, stage, evento, seminario, torneo,
attività, corso, asta, dibattito, progetto, festival. . . }
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Span of context considered as T-PAS

Complements are included in T-PAS if they contribute to the way the
verb is interpreted in the context of use.

Expressions that are instantiated by T-PAS are disambiguated.

This has important consequences for the use of T-PAS in NLP tasks
(question answering, textual entailment etc.).
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Syntax and Semantics in T-PAS

T-PAS are semantically determined. Different syntactic realizations are
encoded as alternating subcategorization frames within the same T-PAS.

[[Human]-subj] finisce [[Event]-obj | di INF [V] ]

Finisce l’allenamento, la gente l’applaude.

Non faccio in tempo a finire di bere la mia birra che viene un mio
amico.
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Acquisition Procedure: Background

1 A reduced version of ITWaC corpus (Baroni & Kilgarriff 2006).

2 CPA procedure (Corpus Pattern Analysis), Hanks - Pustejovsky 2005.

3 A model of compositional mechanisms that are active in V-ARG
selection (type coercion, etc.; Pustejovsky 2006).

4 A “shallow” list of semantic type labels (HUMAN, ARTEFACT,
EVENT, etc.) borrowed from the English resource.
(http://deb.fi.muni.cz/cpa/#onto)

5 A suite of corpus tools: Manatee, Bonito, Sketch Engine (Kilgarriff,
Rychly, Smrz, Tugwell 2004).
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Corpus Pattern Analysis procedure
(CPA, Hanks 2004)

Choose a target verb and create a sample concordance of 250 actual
uses.

Identify the relevant structures (typical syntagmatic patterns
corresponding to the minimal contexts where all words are
disambiguated).

Associate a typing constraint to each argument position in the
patterns.

Assign the instances of the sample to one of the patterns. Examples
of each verb which are considered either as “not pertinent” or as
“undecidable” are excluded.
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Corpus Pattern Analysis procedure
(CPA, Hanks 2004)

Store the patterns (with the associated corpus instances) in the
resource.

Associate each pattern with at least one sense, expressed in the form
of one (or more) implicatures linked to the typing constrains specified
in the pattern.

[[Human]-subj] essere presente a [[Event]-iobj a].
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Unclassified sample from ITWaC for the verb arrestare 1/2
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Unclassified sample from ITWaC for the verb arrestare 2/2
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Patterns 1 and 2 and associated senses for the verb
arrestare
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Tagged contexts Pattern 1 and Pattern 2 arrestare
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Architecture of the T-PAS resource

Elisabetta Jezek Risorse lessicaliper lo studio della struttura argomentale dei verbi



Issue: Type mismatches

The paradigmatic sets of words that populate specific argument slots
within the same verb sense do not map neatly onto the “expected”
type (selected by V) (Pustejovsky and Jezek 2008).

Mismatches between “pattern” type (expected by V) and “instance”
type (inherent in N) within the same grammatical relation.

The phenomenon is pervasive (Jezek and Quochi, 2010) and spread
over several of Levin’s 1993 verb classes (aspectual verbs,
communication verbs, perception verbs, directed motion verbs).
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Type mismatch: Aspectual verbs

[[Human]-subj] interrompe [[Event]-obj]

Arriva Mirko e interrompe la conversazione.
‘Mirko arrives and interrupts the conversation’ (matching)

Il presidente interrompe l’oratore.
‘The president interrupts the speaker’ (Human as Event)
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Type mismatch: Communication verbs

[[Human]-subj] annuncia [[Event]-obj]

Lo speaker annuncia la partenza.
‘The speaker announces the departure’ (matching)

Il maggiordomo annuncia gli invitati.
‘The butler announces the guests’ (Human as Event)

L’altoparlante annunciava l’arrivo del treno.
‘The loudspeaker announces the arrival of the train’ (Artifact as
Human)

Una telefonata anonima avvisa la polizia.
‘An anonymous telephone call alerted the police’ (Event as Human)
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Type mismatch: Perception Verbs

[[Human]-subj] ascolta [[Sound]-obj]

Rilassarsi ascoltando il rumore della pioggia.
‘Relax while listening to the sound of rain’ (matching)

Ascoltava la radio con la cuffia.
‘He listened to the radio with his earphones’ (Artifact as Sound)

Rimasi a lungo ad ascoltare il suo respiro.
‘I stayed for a long while listening to his breath’ (Event as Sound)

Non ho potuto ascoltare tutti i colleghi
‘I could not listen to all colleagues’ (Human as Sound)
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Type mismatch: Directed motion verbs

[[Human]-subj] raggiunge [[Location]-obj]

Abbiamo raggiunto l’isola alle 5.
‘We reached the island at 5’ (matching)

Ho raggiunto il semaforo e ho svoltato a destra.
‘I reached the traffic light and turned right’ (Artifact as
Location)
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Type mismatch: Directed motion verbs

[[Human]-subj] arriva (Adv [[Location]])

Alla fine, ormai col buio, sono arrivata a una radura.
‘Finally in the dark I came upon a clearing.’ (matching)

Gli invitati arrivano al concerto in ritardo.
‘The guests arrived late at the concert’ (Event as Location)
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Type mismatch: Motion using a vehicle

[[Flying Vehicle]-subj] atterra ([[Location]]-adv)

Il nostro aereo atterra alle 21.
‘Our plane lands at 9pm’ (matching)

Il pilota e’ regolarmente atterrato senza problemi.
‘The pilot landed regularly with no problems’ (Human as Vehicle)

Tutti i voli civili sono atterrati.
‘All civilian flights landed’ (Event as Vehicle)
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Type mismatch: Vehicle Verbs

[[Human]-subj] parcheggiare ([[Vehicle]-obj])

Luca ha parcheggiato sotto casa.
‘Luca parked near the house’ (matching)

L’ambulanza ha parcheggiato lontano.
‘The ambulance parked far away’ (Vehicle as Human)
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Shimmering Lexical Sets

Lexical sets populating a node in the ontology (i.e. a semantic type)
tend to “shimmer” (Jezek and Hanks 2010) – that is, the
membership of the lexical set tends to vary when one moves from
verb to verb: some words drop out while other come in, just as
predicated by Wittgenstein (family resemblances).

Different verbs select different prototypical members of a semantic
type even if the rest of the set remains the same.
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type even if the rest of the set remains the same.
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Issue: Shimmering Lexical Sets

lavare [[Body Part]-obj]

Lexical set [[Body Part]] = {denti, mano, piede, viso, faccia, schiena,
testa, orecchio, volto . . . }

amputare [[Body Part]-obj]

Lexical set [[Body Part]] = {arto, gamba, braccio, dito, orecchio,
mano, piede . . . }
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Solutions

Regular choices of types within an overall pattern are coded as type
alternations at the pattern level. Common alternations in subject
position are for instance [[Human|Institution]] and [[Human|Body
Part]]”.

Non-canonical lexical items which still convey the same verb sense are
“coerced” into ‘honorary’ membership of a semantic type in
particular contexts.

Honorary members are tagged as “a” = anomalous arguments.

Pustejovsky et al. 2004, Hanks and Jezek 2008, Jezek and Hanks
2010.
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Contexts for Pattern1 arrestare

[[Human1 | Institution]-subj] arresta [[Human2]-obj]
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Contexts with anomalous arguments for Pattern1 atterrare

[[Flying Vehicle]-subj] atterra ([Location]]−adv)]
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Solutions

A node in the ontology (i.e. a semantic type) is not to be thought of
as an address for ‘all and only’ the lexical items that belong to that
node.

Rather, it is an address for lexical items that typically belong to that
node.

“The ontology is not conceived as a rigid yes/no structure, but as a
statistically based structure of collocational preferences, which
we call “shimmering lexical sets”.

Hanks and Jezek 2008.

Elisabetta Jezek Risorse lessicaliper lo studio della struttura argomentale dei verbi



Solutions

A node in the ontology (i.e. a semantic type) is not to be thought of
as an address for ‘all and only’ the lexical items that belong to that
node.

Rather, it is an address for lexical items that typically belong to that
node.

“The ontology is not conceived as a rigid yes/no structure, but as a
statistically based structure of collocational preferences, which
we call “shimmering lexical sets”.

Hanks and Jezek 2008.

Elisabetta Jezek Risorse lessicaliper lo studio della struttura argomentale dei verbi



Solutions

A node in the ontology (i.e. a semantic type) is not to be thought of
as an address for ‘all and only’ the lexical items that belong to that
node.

Rather, it is an address for lexical items that typically belong to that
node.

“The ontology is not conceived as a rigid yes/no structure, but as a
statistically based structure of collocational preferences, which
we call “shimmering lexical sets”.

Hanks and Jezek 2008.

Elisabetta Jezek Risorse lessicaliper lo studio della struttura argomentale dei verbi



Solutions

A node in the ontology (i.e. a semantic type) is not to be thought of
as an address for ‘all and only’ the lexical items that belong to that
node.

Rather, it is an address for lexical items that typically belong to that
node.

“The ontology is not conceived as a rigid yes/no structure, but as a
statistically based structure of collocational preferences, which
we call “shimmering lexical sets”.

Hanks and Jezek 2008.

Elisabetta Jezek Risorse lessicaliper lo studio della struttura argomentale dei verbi



[[Document]]

... book <read 772/9037; write 933/13015; publish 416/7230,
borrow 43/1358 . . .>

. . . novel <write 182/13015; read 88/9037; publish 45/7230; set
19/14528 . . .>

. . . article <write 263/13015; publish 174/7230; read 156/9037;
contribute 28/1313 . . .>

. . . letter <write 1032/13015; send 540/12011; receive 544/18381;
post 77/451 . . .>
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[[Event]]

... meeting <attend 663/5355; hold 953/24798; arrange 200/3581;
adjourn 36/424, organize 32/2055 . . .>

. . . conference <attend 267/5355; hold 382/24798; organize
81/2055; arrange 29/3581 ... >

. . . lecture <attend 75/5355; deliver 65/3949; give 226/75759;
organize 5/2055; hold 12/24798; arrange 5/3581. . .>

. . . concert <stage 18/1157; attend 29/5355; play 27/17832;
organize 13/2055; hold 21/24798; arrange 6/3581 . . .>
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Conclusion

We have introduced T-PAS, a resource of corpus-derived typed
predicate argument structures for Italian language, distributed under a
Creative Common license at http://tpas.fbk.eu/.

The current T-PAS release includes typed patterns for 1000 Italian
verbs and 4241 patterns.

We have described the lexicographic process of manual acquisition of
T-PAS.

We have examined specific linguistic phenomena that must be
addressed when we try to extract generalizations from the analysis of
the corpus.
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Ongoing work

Systematic annotation of type mismatches.

Analysis of the lexical sets of transitive Object and Intransitive
Subjects in causative/inchoative alternating verbs using distributional
semantic methods (“Grounding the Lexical Sets of
Causative-Inchoative Verbs with Word Embedding”, Ponti, Jezek and
Magnini 2016 at D-SALT ESSLLI 2016; best paper award at CliC
2016).

Experiments for semi-automatically extending the coverage of the
resource by finding new examples of existing patterns and predict new
patterns from corpora.

Development of a friendly interface for linguistic analyses.
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