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Abstract

The paper presents a prototype of a web-app
designed to automatically generate verb va-
lency lexica based on the Universal Dependen-
cies (UD) treebanks. It offers an overview of
the structure of the app, its core functionality,
and functional extensions designed to handle
treebank-specific features. Besides, the paper
highlights the limitations of the prototype and
the potential of its further development.

1 Introduction

A prototype of the web-app “UDVaL: Valency Lex-
icon for Universal Dependencies” (see supplemen-
tary demo files') is designed to build valency lex-
ica of languages provided with treebanks, the mor-
phosyntactic annotation of which is stored in the
CoNNL-U format and follows the guidelines of the
Universal Dependency (UD) project?>. UDVaL is
instrumental for research on a wide range of topics
related to verbal morphosyntax, since it provides
corpus data on valency and valency alternations of
individual verbs and verb classes of a given lan-
guage within a standardized, typologically oriented
annotation framework of UD (De Marneffe et al.,
2021).

The app is a derivative of the “CAVaL.: Classi-
cal Armenian Valency Lexicon™?, which in turn
closely follows the structure and functionality of
other corpus-driven valency lexica, in particular,
“IT-Valex” for Latin (Passarotti et al., 2016) and
“HoDeL: Homeric Dependency Lexicon” for An-
cient Greek (Zanchi, 2021), which in turn rely on
the model of “PDT-Vallex” for Czech (Hajic et al.,
2003).

UDVaL offers a search engine that supports flex-
ible queries on verb frames based on the combina-
tions of morphological, syntactic and lexical prop-
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erties of verbs and their dependencies, as specified
in section 2. This functionality significantly facili-
tates research on a wide array of topical linguistic
issues, such as valency classes of verbs, valency
alternations, alignment, coding of verbal depen-
dencies, etc. (see applications in section 2.3), and
contributes to the inventory of digital tools for the
linguistic analysis of the rich comparative data ac-
cumulated within the UD project (the latest UD
release v2.17 includes 339 treebanks of 186 lan-
guages).

Unlike general-purpose online tools designed to
query dependency treebanks such as PML-TQ* and
TiiNDRA?, UDVaL is customised for queries on
verb frames, and does not require knowledge of
formal query languages. The presented prototype
version of UDVaL offers a package that can be
used for deriving, with more or less adaptations
indicated below, a valency lexicon of any language
included in the UD database.

The app automatically retrieves verb frames for
all verbs of a treebank. A verb frame consists of a
verb together with its dependents carrying the gram-
matical relations of core arguments (subject, direct
object, indirect object) and oblique nominals (all
other modifiers), and their clausal equivalents (see
section 2.1). In line with the UD principles, these
types of relations aim at grasping cross-linguistic
similarities in abstraction from language-specific
overt coding properties of verb frames. With that, a
wide-spread distinction between oblique arguments
(obligatory or selected by the predicate) and ad-
juncts (facultative) is abandoned, both types being
covered by the same tag “obl”, since it is difficult
to consistently apply it to the annotation of one
language and across languages (see Haspelmath,
2014 on the controversies of this distinction in a
cross-linguistic perspective). In some treebanks,

*https://lindat.mff.cuni.cz/services/pmltq/#!
/treebanks
Shttps://weblicht.sfs.uni-tuebingen.de/Tundra
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the distinction is partly formalized by the use of
specialized tags “obl:arg” (oblique nominal) and
“obl:agent” (oblique agent in passive construction),
corresponding to arguments, not adjuncts. Regard-
ing UDVaL, the aforementioned annotation princi-
ples have the advantage of providing corpus-driven
data, less prone to annotators’ bias on whether or
not a given oblique dependent is selected by the
predicate, while clearly indicating core arguments,
which constitute the backbone of verb frames. The
distinction between arguments and adjuncts can
then be assessed within different theoretical frame-
works based on the relative frequency of depen-
dents of specific verbs insofar as the size of a tree-
bank allows it.

2 The UDVaL app

2.1 Backend

UDVaL has a multi-tier architecture. Its backend
employs a MariaDB relational database, which is
automatically populated with data extracted from
a UD treebank of a selected language stored in
the CoNNL-U format using parameterised SQL
queries and a Python code for dynamic data fetch-
ing. The application layer is developed using the
Python-based Flask micro web framework to han-
dle application logic and query processing. The
frontend layer utilises HTML, CSS, and JavaScript
to support a responsive and user-friendly interface.
Advanced database indexing and query optimisa-
tion techniques have been implemented to facilitate
complex queries and ensure high performance.

The interface supports search queries to verb
frames and generates complete lists of their occur-
rences in the database.

The core of the interface functionality is to query
constructions with a verbal head and a subset of its
immediate syntactic dependents as well as second-
order coordinated dependents linked by the “conj”
relation.

The presented app prototype only processes pred-
icative constructions headed by verbs (UPOS tag
“VERB”). The backend database indexes and stores
all verbs of a treebank together with their depen-
dents, carrying the following grammatical relations
(and their subtypes):

E)

e nominals: “nsubj” (nominal subject), “obj
(direct object), “iobj” (indirect object), “obl”
(oblique modifier), as well as “nmod” (nom-
inal modifier) in the case of dependents of
nominalised heads;
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* clausal dependents fulfilling the function of
core arguments: ‘“‘csubj” (clausal subject),
“ccomp” (clausal complement without an obli-
gatorily controlled subject), “xcomp” (clausal
complement with an obligatorily controlled
subject);

* auxiliaries of analytic verb forms carrying the
relation tag “aux”.

Another feature of the app, determined by the
UD annotation guidelines, concerns the morpholog-
ical expression of nominal dependents. To support
the cross-linguistically consistent comparison of
grammatical functions of nominals, all adpositions
are considered as part of case marking along with
inflectional case morphology in UD (see Haspel-
math, 2019 on the comparable grammatical status
of case markers and adpositions). To account for
this annotation feature, nominals are stored in the
UDVaL database together with adpositions. This
allows making queries to the morphological expres-
sion of nominal dependents in terms of attested
combinations of the inflectional case (morphologi-
cal tag “Case”) and adpositions linked to the nomi-
nals by a grammatical relation “case”. In case of
multiword adpositions (such as English “according
to”, cf. the UD English-GUM treebank of the UD
database under fn. 2), the constituents linked by
the “fixed” relation are included in the encoding
pattern.

2.2 Frontend

Some key functionalities of the search engine and
the user interface are summarised below.

By default, the interface lists all the verbs which
are attested in a treebank. The verbs are linked
to pages with complete sets of their occurrences
in the treebank. By modifying search parameters,
the user restricts the list of verbs and occurrences.
Besides selecting a verb from the list, it can be
found via a free input field “Search by verb”. A
string of characters in the utf-8 format matching
a verb lemma (or several homonymous lemmas)
restricts the verb list. The default and restricted
lists can be arranged in alphabetical order or by
token frequency (ascending and descending).

A valency frame can be configured by morpho-
logical, syntactic and lexical properties of an open
number of dependents of a verbal head insofar as
they co-occur in the treebank. These search param-
eters can be applied to a list of verbs as well as to a
specific verb.



By default, the verb frame query contains a set of
the following three parameters for one dependent
(see Figure 1):

* “Select relation”: the grammatical relation tag
from the list specified in section 2.1;

* “Select encoding”: the inflectional and/or ad-
positional case marking;

e “Select lemma”: a lemma from the list of lem-
mas filling the dependent in a given treebank.

In the second of these parameters, encoding pat-
terns are given as a closed list of values, automati-
cally generated from the treebank data, in the for-
mat “Case + Adp(s)”, regardless of the linear order
of constituents, to facilitate the value selection. For
clausal dependents, the value of this parameter is
conventionally set to “Clause” for tokens with the
relations “csubj” and “ccomp” and to “Nominal”
for the tokens with the relation “xcomp”.

Each selected parameter or its reversal to the de-
fault value dynamically updates the verb list and
lists of occurrences. When at least one of the pa-
rameters is selected, a new set can be added for the
next dependent. Sets can be added or removed and
their parameters specified until the output list of
verbs or occurrences is empty.

The flexibility of interface allows to configure
queries of increasing complexity suitable for spe-
cific research tasks. Disentangling the morphologi-
cal, syntactic, and lexical tiers enables queries, in
which, for example, a syntactic feature is specified
for one dependent and a morphological one for an-
other dependent. The dynamic update of the output
with frequency data allows to instantly determine
the availability and relative frequency of frames or
their specific features in the underlying treebank.

A page with occurrences of a verb includes a
complete list of its attestations in the treebank. Ev-
ery occurrence consists of a sentence, its reference
id in the treebank (based on the compulsory “text”
and “sent_id” comment fields of the CoNNL-U
format), and a morphosyntactic BRAT-based® vi-
sualisation of the verb frame. The visualisation
includes part-of-speech attributes of all tokens and
syntactic relations that constitute a verb frame spec-
ified in a search query. Besides, the visualisation is
provided with the mouse-over glossing of all words
in the sentence. The UDVaL engine supports con-

https://brat.nlplab.org/embed. html
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version of the UD annotation tags to the Leipzig
glossing conventions’.

By default, the user interface utilises an alpha-
betic selector, which is automatically generated
based on the initial characters of verb lemmas. This
functionality only applies to treebanks of languages
with alphabetic or syllabic writing systems, the in-
ventory of initial characters of which is manageable
within the selector field of the user interface and

can therefore be seamlessly integrated into the app.

2.3 Applications

UDVaL inherits all key functionalities of the online
CAVaL app®, has been approbated while assem-
bling corpus data for the ongoing research on Clas-
sical Armenian morphosyntax, in particular, as part
of the “PaVeDa: Pavia Verbs Database” project”.

In particular, it provides corpus data on the en-
coding of core arguments and alignment of Classi-
cal Armenian, which involves the split marking of
all core arguments (Kolligan, 2013; Miith, 2014).
For example, it provides instant access to all the oc-
currences of perfect tenses with the genitive subject
(33x, incl. 16x in a transitive construction) and the
nominative subject (189x, incl. 3x in a transitive
construction) in the Gospels. The emerging mis-
matches between transitivity and genitive flagging
contribute to the ongoing discussion on the role
of animacy and affectedness of the subject in this
morphosyntactic split.

Similarly, the app provides corpus data on the
split marking of direct object by a bare accusative
and a prepositional phrase built with proclitic z plus
the accusative, with 1289 and 3124 occurrences in
the Gospels, respectively. This data suggests that a
more frequent marking pattern, associated with a
referentially prominent direct object, is morphosyn-
tactically more complex, again a cross-linguistic
generalization suggested in (Haspelmath, 2021).
Within the same subcorpus, the ditransitive con-
struction occurs 181 times with the prepositional
marking of direct object, and 299 times with an ac-
cusative marking. This data points to the tripartite
ditransitive alignment: P (z plus Acc), T (Acc), and
R (Dat) are expressed by different majority encod-
ing types. Such ditransitive is typologically rare
(Haspelmath, 2005).

7https://www.eva.mpg.de/lingua/pdf/
Glossing-Rules.pdf

8https://caval.dch.phil—fak.uni—koeln.de

9https://paveda.unipv.it/contributions/
clas1256
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Figure 1: Adaptation of the UDVaL app for the Arabic-PADT UD treebank (v2.17).

2.4 Functional extensions

The core functionality of UDVal, summarised
above, can be supplemented by secondary func-
tions, which were developed for the UD treebank
of Classical Armenian and can be applied with
due modifications to subsets of UD treebanks. By
default, these extensions are included in the sup-
plemented demo codes as customised for Classical
Armenian. Adjustments of the app to other tree-
banks with respective features are facilitated by
internal comments of the demo codes.

Latinized input: In order to facilitate the search
of verbs via the free input field “Search by verb”,
the code allows setting up latinized input conven-
tions. This functionality requires extending the
code with a chart of equations between original
and input characters or groups of characters.

Transliteration: Based on the “Translit” and
“LTranslit” (wordform and lemma transliteration,
respectively) attributes of the MISC field for mis-
cellaneous information of the CoNNL-U format,
the UDVaL search engine supports representation
of verb lists and occurrences in the transliterated
form. The implementation of this feature requires
adding a chart of correspondences between the orig-
inal and transliterated characters, and integrating
these correspondences with the alphabetic selector.
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Translation: The UDVaL engine allows search-
ing verbs by meaning provided that a treebank has
the “Gloss” attribute in the MISC field; the attribute
contains an approximate translation of the word
form or lemma to another language, typically but
not exclusively English.

A translation of sentences can be switched on/off
in the lists of occurrences for treebanks with sen-
tential translations. In the demo code, this feature
is based on the “# translated_text” comment field
of the CONNL-U format, and can be adjusted to the
metadata properties of a given treebank.

External lexicographic sources: Given the
necessarily approximate lexicographic information
stored in the “Gloss” attribute (when available),
the UDVaL engine allows linking verb lemmas to
external online lexicographic sources. The code
enriches the database with external links based on
a txt-file with a list of verb lemmas and correspond-
ing URLs of the external lexeme entries.

Subcorpus selector: If relevant for a given tree-
bank, a selector of subcorpora or individual texts
can be integrated into the search interface to facili-
tate research of morphosyntactic variation across
texts. This feature has proven to be useful for the
study of Classical Armenian verb frames in the
CAVaL implementation of the app. For example,



while 14,5% of verbs are attested in the Gospels
with a dative argument, a post-classical text, “His-
tory of the Armenians” by Movses Khorenatsi, the
precise dating of which is debated, has 18,2% of
such verbs. This data is relevant for the study of the
gradual increase of dative marking towards Modern
Armenian (Daniel and Khurshudian, 2015). In the
demo code, this feature is based on the “# sent_id”
comment field of the CoNNL-U format, and can be
adjusted to the metadata of a given treebank.

Verb features: For treebanks with annotated
morphological features, the verb frame query can
be further extended with verbal features insofar
as they are attested in the treebank for a specified
verb frame. This functionality requires adjusting
the code to integrate the language-specific list of
verbal features into the search interface.

Limitations

Insofar as the CAVaL implementation allows to
judge, the retrieval accuracy of the UDVaL engine,
based on deterministic database queries, is exact
(cf. the frequency data on the co-occurrence of tags
in the Classical Armenian treebank of the release
UD v2.17 and in the online app under the link in
fn. 3). Any perceived errors must be attributed to
the quality of the underlying treebank annotations
and evaluated as such.

The presented prototype of the UDVaL. app re-
quires manual adjustments of the code to tailor
functional extensions, mentioned in section 2.4, to
available features of a given treebank. Subsequent
iterations of the app envisage automated detection
of treebank features and integration of respective
search functions into the user interface.

The current version of the app is limited to the
queries of verb frames with a verbal head and a re-
stricted subset of types of syntactic dependents,
listed in section 2.1. This limitation excludes
queries to nominal predicates, polipredicative con-
structions, clausal adverbial modifiers, etc., that are
relevant for the study of valency. Thus, the app
does not allow the comparison of case frames and
their alternations for verbal and nominal predicates.

Being oriented towards typological comparative
studies, the app does not allow integrating multiple
treebanks into one interface. This limitation points
to the potential of further development of the app
to implement functionality that would support in-
stant comparison of verb frames across treebanks
of different languages within one search interface.
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The response time of the app is currently cou-
pled with corpus size: while interaction remains
efficient for smaller datasets, integration of larger
corpora yields a noticeable increase in latency. Fu-
ture iterations will address this scalability bottle-
neck by refactoring the data-access layer around an
Object—Relational Mapping (ORM) approach, to
reduce response time, especially for complex frame
queries, and enable seamless interaction with sub-
stantially larger corpora.
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