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14 Exploring parallel corpora with STUnD:
A Search Tool for Universal Dependencies

Arianna Masciolini We introduce STUnD (Search Tool for Universal De-
University of Gothenburg pendencies), a corpus search tool designed to facil-

itate working with parallel data. STUnD employs a
Herbert Lange query language that allows describing syntactic struc-
University of Gothenbur g tures and specifying divergence patterns, which in

turn make it possible to look for systematic differences
Marton Andras Téth between texts. Furthermore, the tool can automatically
detect the differences between two similar documents.
To achieve all this, STUnD leverages Universal Depen-
dencies (UD), a cross-lingually consistent standard for
morphosyntactic annotation. Input can consist of pre-
annotated UD treebanks or raw text, which the tool
automatically processes through a third-party parser.
As demonstrated in the case study included in the
present chapter, STUnD is especially well-suited for
comparing syntactic structures across languages, with
applications in the context of typology and translation
studies. Other use cases include retrieving grammati-
cal errors from parallel learner corpora and comparing
different analyses of the same text.

University of Gothenburg

1 Introduction

This chapter introduces STUnD (Search Tool for Universal Dependencies),
a web-based corpus search tool.! Unlike most other such services, STUnD
is designed with parallel texts in mind.? Its interface makes it possible
to inspect and compare two sentence-aligned corpora side by side. Upon
running a query, these are processed in parallel, retrieving pairs of seman-
tically equivalent sentence fragments matching the given query. STUnD’s

A live demo of the tool is available at harisont.github.io/STUnD.
The acronym “STUnD” initally stood for Sékverktyg for Tvdsprikiga Universal Dependencies
tridbanker, Swedish for ‘Search Tool for Bilingual Universal Dependencies treebanks’.
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Dana Dannélls, Dimitrios Kokkinakis & Elena Volodina (eds.), Huminfra handbook: Empowering
digital and experimental humanities (NEALT Proceedings Series 59), 455-503. University of
Tartu Library. DOL 10.58009/aere-perennius0183 © The authors, @® CC BY 4.0
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pattern matching language also supports so-called divergence patterns, which
let users provide additional corpus-specific details to look for systematic
differences between the two input texts. When STUnD is used on a bilin-
gual Swedish-English corpus, for instance, a simple query allows retrieving
all Swedish present-tense verb constructions and their English translations,
whereas a divergence pattern enables looking for the specific instances where
a Swedish enkelt presens ‘simple present’ is rendered as a present continuous
(be + -ing) in the English translation.?> To achieve this, STUnD relies on
rich morphosyntactic annotation following the cross-lingually consistent
Universal Dependencies (UD) standard (de Marneffe et al. 2021). Input
corpora are either pre-annotated UD treebanks, i.e. collections of dependency-
syntactic trees representing individual sentences, or raw text files that the
tool automatically processes through a third-party parser.

Cross-lingual studies, common in typology and translation studies, are
STUnD’s main area of application. The first prototype of the tool (Masciolini
& Toth 2024) was in fact developed to facilitate the task of investigating the
ways in which Swedish verb constructions are rendered in other more or less
closely related languages. UD makes it possible to — at least to some extent —
identify cross-lingual semantic correspondences between sub-sentence units
on the basis of syntactic information alone (Masciolini & Ranta 2021) and
allows queries to be largely language-agnostic. Parallel treebanks, however,
need not necessarily be multilingual. We therefore propose two more use
cases for STUnD: learner corpus research and quality control for linguistic
annotation. In the former scenario, we suggest that the tool be applied to
parallel L1-L2 treebanks (Lee, Li, et al. 2017) — a format increasingly popular
within the UD community — for tasks such as grammatical error retrieval
and analysis. As for the latter case, we show how the tool can be used to
locate and examine discrepancies between different analyses of the same text.
Together with STUnD’s built-in editing functionalities, this can prove useful
for resolving inter-annotator conflicts in the context of a treebanking project,
but also play a role in parser evaluation, where system output often needs
be compared against gold standard data or alternative automatic analyses.

This chapter is structured as follows. In Section 2, we provide a short
introduction to the UD framework, followed by an overview of the treebank
tools that most closely relate to STUnD (Section 3). Section 4 consists in a
technical description of the tool itself, mostly intended as a practical intro-
duction for new users but also detailing its inner workings. In Section 5,
we present a multilingual case study which employs STUnD to explore the

Unlike in English, verbs in Swedish only have one present tense form. Without any further
context, in fact, it is impossible to tell whether the Swedish sentence jag lyssnar pi musik
means ‘I (usually) listen to music’ or ‘T am (right now) listening to music”.
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tense-aspect forms used to render the Swedish presens perfekt tense into En-
glish and Japanese, while two additional use cases for STUnD are presented
in Section 6. Finally, Section 7 is dedicated to some considerations about the
further development of the tool and its application in future projects.

2 Universal Dependencies

Universal Dependencies (UD) (de Marneffe et al. 2021) is a well-established
framework for dependency-based morphosyntactic annotation and a com-
munity effort which has resulted in a large collection of treebanks in over
150 languages, with applications in both linguistics and Natural Language
Processing (NLP). As the term “Universal” suggests, the UD annotation
scheme aims to maximize cross-linguistic consistency without sacrificing
accuracy for the analysis of individual languages. This is done by provid-
ing a universal inventory of categories (part-of-speech tags, dependency
relations and morphological features) and annotation guidelines while also
allowing language-specific extensions. An exhaustive description of the
UD standard is beyond the scope of this chapter.* We will, however, cover
some of the basic principles of UD and introduce the text-based data format
used to represent treebanks, both of which are necessary prerequisites for
understanding the way STUnD works and the examples provided in the rest
of this chapter.

2.1 Basic principles

UD annotation can be seen as a three-step process consisting of (1) sentence
and word segmentation, (2) word-level annotation and (3) syntactic annotation.
This section gives an example-based overview of each of these steps and
introduces some commonplace UD terminology.

211 Segmentation

UD analysis is carried out at the level of individual sentences, which are
further tokenized, i.e. segmented into syntactic words. Tokenization can be
a nontrivial problem, especially for languages with no orthographic word
boundaries such as Japanese (see Section 5.2). For the sake of simplicity,
however, we will momentarily assume an identity between orthographic (i.e.
space-separated) and syntactic words. This largely holds for English and

For up-to-date annotation guidelines, we encourage the reader to visit the official UD website,
universaldependencies.org.


https://universaldependencies.org
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Swedish, which will be used for all examples in this section, as well as for a
wide variety of UD languages. It must be noted, however, that punctuation
marks are considered as separate “words”. Segmenting the sentence We
are annotating our first sentence., for example, results in the following seven
tokens:

(I) We are annotating our first sentence .

2.1.2  Word-level annotation

Once a sentence has been tokenized, each word is lemmatized and assigned
a coarse-grained or Universal Part-Of-Speech (UPOS) tag.® The words that
make up our example sentence (1), for instance, can be analyzed as

PRON AUX VERB . PRON  ADJ NOUN PUNCT
(2) We are annotating our first sentence .
we be annotate we  first  sentence

In addition, each word can optionally be assigned a finer-grained, language-
specific POS tag and a set of morphological features. A more complete anno-
tation of the word We, for instance, would include the fine-grained POS tag
PRP (personal pronoun) and the features Case=Nom|Number=Plur | Person=1|

PronType=Prs, describing it as the nominative form of a first-person plural
personal pronoun.®

2.1.3 Syntactic annotation — dependencies

UD belongs to a class of grammatical theories known as dependency gram-
mar, whose core idea is that structural information about a sentence can be
captured by directed links, referred to as dependencies, between its parts.

As in several other dependency-based frameworks, syntactic annotation
in UD consists in establishing a set of dependency relations between indi-
vidual words. These are one-to-one correspondences that assign each token
a syntactic head. Nominals, for instance, are often the syntactic heads of the
adjectives that modify them. Conversely, verbs typically have a subject, an
object and possibly other complements as dependents. As illustrated below,
these head-dependent links, represented by arrows, result in a tree structure
rooted in one of the words (typically, but not always, the main verb):

The complete list of UPOS tags is available at universaldependencies.org/u/pos.
A list of all morphological features and their possible values is available at
universaldependencies.org/u/feat/all.


https://universaldependencies.org/u/pos/index.html
https://universaldependencies.org/u/feat/all.html
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~ A )

PRON AUX VERB . PRON  ADJ NOUN PUNCT
(3) We are annotating our first sentence .
we be annotate we first sentence

In UD, each link is also assigned a label that specifies the syntactic role of
the dependent with respect to its head, i.e. the relation type:

root

punct

PRON AUX VERB X PRON AD] NOUN PUNCT
(4) We are annotating our first sentence .
we be annotate we  first  sentence

In example (4) above, for instance, the nsubj label between We and the root
of the tree, the verb annotating, specifies that We is the nominal subject of the
sentence, whereas its object is the subtree labeled as obj, rooted in the noun
sentence. The latter, in turn, has two dependents: the pronoun our, acting
as a possessive nominal modifier — hence the label nmod: poss, where nmod
is the main relation type and poss its subtype — and the adjectival modifier
(amod) first.”

This first example also illustrates one of the core principles behind the
UD annotation guidelines, that of primacy of content words, which states
that dependency relations hold primarily between content words, while
function words are usually attached as direct dependents of the most closely
related content word. Unlike in most other dependency frameworks, in
fact, the root of the sentence is not the auxiliary are, but the lexical verb
annotating. The rationale behind this is to maximize cross-lingual parallelism.
A straightforward Swedish translation of our example sentence, Vi annoterar
vdr forsta mening., in fact, makes no use of auxiliaries but presents the exact
same high-level structure:

root

punct

obj
nmod:poss

PR(?N VERB PROON AD] NOUN . PUNCT
(5) Vi annoterar var forsta mening.
vi annotera vi forst mening .

7 For a complete taxonomy of UD relation labels, see universaldependencies.org/u/dep.


https://universaldependencies.org/u/dep/index.html
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2.2 Data format

UD treebanks are distributed in a machine-readable text-based format called
CoNLL-U.2 A CoNLL-U file consists of a series of blocks, each representing
a sentence. Sentence blocks are separated from each other by a blank line
and can be preceded by metadata information, stored in lines starting with
a hash sign (#). Metadata usually includes a sentence identifier (sent_id)
and the unannotated text (text).

The words that make up a sentence are stored vertically, i.e. with one
token and the annotations associated with it per line. Each line consists of a
series of tab-separated values:

. ID: progressive token index;

. FORM: word form or punctuation symbol;

. LEMMA: lemma or stem of the word form;

. UPOS: universal POS tag;

. XPOS: language-specific POS/morphological tag (optional);

N Ul = W N =

. FEATS: morphological features, stored as a list of key-value pairs in
the format Keyl=Valuel |Key2=Value2... (optional);

7. HEAD: ID of the syntactic head of the current word (0 for the root of
the sentence);

8. DEPREL: relation type;
9. DEPS: enhanced dependency graph, stored as a list of head-deprel
pairs (optional);
10. MISC: any other annotation, stored as a list of key-value pairs (op-
tional).

Underscores (_) are used as placeholders for missing values. The CONNL-U
representation of the example sentence in (1-4) is given in Figure 1. For the
sake of readability, we also provide a tabular representation of the same
sentence (Figure 2).

3  Treebank tools

The success of UD as an annotation standard has led to a growing demand
for tools and query languages for treebanks. In this context, a variety of

The CoNLL-U format is based on the format that was used in the context of the shared task
on multilingual dependency parsing at the Tenth Conference on Computational Natural
Language Learning (CoNLL-X).
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# sent_id = exl_en

# text = We are annotating our first sentence.

1 We we PRON PRP Case=Nom. . 3 nsubj _ _

2 are be AUX VBP Mood=Ind... 3 aux _ _

3 annotating annotate VERB VBG  Tense=Pres... 0 root _ _
4 our we PRON PRP$ Case=Gen... 6 nmod : poss _ _

5 first first ADJ JJ Degree=Pos... 6 amod _

6 sentence sentence NOUN NN Number=Sing 3 obj _ _
7 PUNCT . _ 3 punct _ _

Figure 1: Textual representation of the example sentence in (1-4) in CoNLL-U

format. For the sake of compactness, we omit some of the morphological features,
as well as the DEPS and MISC fields.

ID FORM LEMMA UPOS XPOS FEATS HEAD DEPREL DEPS MISC
1 We we PRON PRP Case=Nom... 3 nsubj _ _
2 are be AUX VBP Mood=Ind... 3 aux _ _
3 annotating annotate VERB VBG  Tense=Pres... 0 root _ _
4 our we PRON  PRP$ Case=Gen... 6 nmod:poss _
5 first first ADJ 7] Degree=Pos... 6 amod _ _
6 sentence sentence  NOUN NN Number=Sing 3 obj _ _
7 . . PUNCT 3 punct _ _

Figure 2: Tabular representation of the CoNNL-U fragment shown in Figure 1,
representing the example sentence in (1-4). For the sake of compactness, we omit
some of the morphological features, as well as the DEPS and MISC fields.

services such as PML-TQ (Prague Markup Language — Tree Query, Pajas &
gtépémek 2009), SETS (Scalable and Efficient Tree Search, Luotolahti et al.
2015) and Grew-match (Guillaume 2021) were extended and/or developed
from scratch to work with CoNLL-U files.

What many of these tools have in common is that, as opposed to classic
string- or sequence-based corpus search tools, they allow searching for syn-
tactic constructions based on the structural information present in CoNLL-U
files (cf. Section 2.1). In Grew syntax, for instance, the query

pattern {
X [VerbForm = Part];
Y [lemma = "have", Tense = Pres];
X ->Y;

}

can be used to search for occurrences of the English present perfect (have +
past participle). To do that, it specifies that results must contain at least two
tokens X and Y, respectively a participle and a present form of the verb to
have, and that the former must be a dependent of the latter.” STUnD uses a

9 This query can be tested on official UD treebanks at universal.grew.fr.


https://universal.grew.fr/
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different query language, largely based on the one used in the gf-ud toolset
for dependency trees and interlingual syntax (Kolachina & Ranta 2016, Ranta
& Kolachina 2017), but is more or less equivalent to Grew-match in terms of
expressivity of the queries, at least when used on a single treebank.

When it comes to parallel data, however, the number of available options
is much more limited. Some tools, such as Grew-match itself, allow display-
ing hits alongside the corresponding sentence in a parallel treebank based on
sentence-level metadata. However, none of the existing query engines aside
from STUnD’s command-line predecessor, L2-UD (Masciolini 2023), allow
performing parallel searches such as those discussed in the introduction.

This is not to say that STUnD is the only tool with a focus on treebank com-
parison. The SETS-based treebank analysis tool STARK (Krsnik et al. 2019),
for example, allows extracting comparative statistics and dependency pat-
terns from pairs of UD treebanks (not necessarily parallel). The comparisons
enabled by STARK, however, are treebank-level rather than sentence-level.
Some annotation platforms such as Arborator-Grew (Guibon et al. 2020),
on the other hand, offer the possibility to compare alternative analyses of
the same text by highlighting annotation differences between individual
words. To the best of our knowledge, however, none of the existing tools
allow sentence-level comparisons between a text and its translation or two
otherwise different versions of a given text.

4 Tool description

In the following, we provide a technical description of STUnD, aimed for
both new users and programmers interested in contributing to the tool’s
further development or in reusing some of its components. Implementation
details intended for the latter group are enclosed in grey text boxes that
can be safely skipped by readers whose main focus is learning how to use
the finished product.!” We start with a presentation of the tool’s user inter-
face (Section 4.1) and input formats (4.2), followed by a discussion of the
underlying query engine and language (4.3). Section 4.4 introduces some
additional features.

4.1 User interface

STUnD is a web-based treebank search application consisting of a Haskell
backend and a simple HTML+JavaScript frontend. The software is open

10 A step-by-step tutorial is also available at harisont.github.io/STUnD/tutorial.


https://harisont.github.io/STUnD/tutorial.html
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Treebank 1 | Browse... | No file selected. Treebank 2 (optional) "Browse... | No file selected.

Query

‘TW—TZ or single-language (matched on T1) query ‘
Replacement

‘add\t\ona\ replacement rule (optional) ‘
Mode ® text O CoNLL-U O tree Options [ diff \:Reset || search

Figure 3: STUnD’s input fields.

source'! and easy to run locally.”> In addition, a live demo of the tool is
available at harisont.github.io/STUnD.

Upon launching STUnD, the user is presented with a series of input fields
(cf. Figure 3). Two file selectors (“Treebank 1” and “Treebank 2”) allow
choosing one or two input files, henceforth T; and T,. These can be UD
treebanks in CONLL-U format or plain text files (cf. Section 4.2). Through
the two text input fields, “Query” and “Replacement”, the user can specify
a search and a replacement pattern, both discussed in depth in Section 4.3.13
Two buttons, “Search” and “Reset” are used to run the query and clear the
input fields respectively.

Before running a query, the user can choose in what “Mode” to get the
search results. In “text” mode (default, cf. Figure 4), hits are presented
in a format similar to KeyWords In Context (KWIC) or concordances, i.e.
highlighted in bold in the context of the full sentences in which they appear.
Results can be downloaded as plain text or, when a parallel treebank is
searched, TSV (Tab-Separated Values) by clicking on “parallel file”. This is
intended for further processing, for instance in a spreadsheet program.

In “CoNLL-U” mode (cf. Figure 5), results can be inspected in their
underlying structured format. Unlike text mode, CoNLL-U mode isolates
the sentence fragments matching the query. Results consist of well-formed
UD trees , which can be downloaded by clicking on “T1 file” and “T2 file”
and fed back into STUnD for finer-grained corpus analysis. Alternatively,
they can be stored as a single treebank — where T; and T, sentences are
interleaved — by clicking on “parallel file”.

Finally, query-matching segments can be rendered as graphical UD trees
(cf. Figure 6). Exporting is similar to CoONLL-U mode, but the resulting
files consist of a series of SVG (Scalable Vector Graphics) fragments, easy to
embed in a webpage or directly visualize in a web browser.

The source code can be found at github.com/harisont/STUnD.

See installation instructions at harisont.github.io/STUnD/installation.

Note that these fields are both optional: by leaving them empty, the user can inspect the full
treebank.


https://harisont.github.io/STUnD
https://github.com/harisont/STUnD
https://harisont.github.io/STUnD/installation.html
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Treebank 1 | Browse... | en_lines-ud-test.conllu

Query

Treebank 2 (optional) [Browse...} sv_lines-ud-test.conllu

‘ TREE_ (FEATS_ "VerbForm={Part->Sup}") [AND [LEMMA "{have->ha}", FEATS_"Tense=Pres"]]

Replacement

‘CHANGES [FILTER_SUBTREES TRUE (OR [DEPREL_ "aux", DEPREL_ "cop"]), PRUNE TRUE 1]

Mode @ text O CoNLL-U C
21 hits - save: T1 file

) tree

T2 file parallel file
The following illustration shows how the PivotTable view will
look after the captions of the custom group field and custom
groups have been changed .

Still, | 've always suspected that Cervantes devoured those
old romances .

The Archbishop , who has himself cooked the eggplant and
the leg of lamb , tells the company his recipes .

Their attempts to ingratiate themselves with India and other
neutralist nations have gained them little .

For fifteen years the Soviet Union has been supporting the
Arabs against Israel in the Middle East and all they have to
show for it is the humiliation of their proteges and the capture
and destruction of their equipment by Israel .

The Arabs have shown no inclination toward Communist
ideology and their oil continues to flow to the West .

All of the staff at Hudson have contributed in some way to
this work , as have the thousands of people with whom we
have discussed these issues at meetinas . seminars . and

Options [] diff

Foljande illustration visar hur pivottabellvyn kommer att se ut
efter att rubrikerna for de egna gruppfélten och egna
grupperna har éndrats .

Fast jag har ju alltid misstankt att Cervantes sjalv brukade
sluka de dar gamla riddarromanerna .

Arkebiskopen , som sjélv har tillagat auberginerna och
lammsteken , upplyser séllskapet om sina recept .

Deras forsok att stélla sig in hos Indien och andra neutrala
nationer har gett klent utbyte .

| femton &r har Sovjetunionen understétt araberna gentemot
Israel i Mellandstern , men det enda de har fatt for besvaret ar
att deras skyddslingar blivit férédmjukade och att Israel har
erovrat och forstort deras utrustning .

Araberna har inte visat ndgon béjelse for den kommunistiska
ideologin , och deras olja fortséatter att fldda vasterut .

Hela staben vid Hudson har i n&got avseende bidragit till
detta verk . liksom ocksa de tusentals personer med vilka vi

\'Reset I Search ‘

Figure 4: Using STUnD to look for sentences containing occurrences of literally
translated present perfect in the English-Swedish parallel treebank LinES (Ahren-
berg 2007, 2015) in text mode. A replacement pattern is used to isolate the relevant
verb constructions.

Treebank 1 | Browse... | en_lines-ud-test.conllu Treebank 2 (optional) | Browse... | sv_lines-ud-test.conllu

Query
lTREE, (FEATS_ "VerbForm={Part->Sup}") [AND [LEMMA "{have->ha}", FEATS_ "Tense=Pres"]] ‘

Replacement
‘CHANGES [FILTER_SUBTREES TRUE (OR [DEPREL_ "aux", DEPREL_ "cop"]), PRUNE TRUE 1] ‘

Mode O text @ CoNLL-U O tree Options [] diff \'ResetHSearch]
21 hits - save: T1file T2file parallelfile

[ manual editing save edits and resubmit [ manual editing save edits and resubmit

1 have have AUX PRES

Mood=Ind | Tense=Pxres |VerbForm=Fin

3 aux:pass _ ADJUSTED=True 1 har ha AUX PRES-

2 been be AUX PERF AUX Mood=Ind|Tense=Pres |VerbForm=Fin|
Tense=Past |VerbForm=Part 3 Voice=Act 2 aux _
aux:pass _ ADJUSTED=True ADJUSTED=Txrue

3 changed change VERB PASS 2 andrats dndra  VERB SUP-
Tense=Past|VerbForm=Part|Voice=Pass PASS VerbForm=Sup|Voice=Pass @

0 root ADJUSTED=True| root ADJUSTED=True|

ORIG_LABEL=advcl|SpaceAfter=No

1 've have AUX PRES-
AUX Mood=Ind|Tense=Pres|
VerbForm=Fin 2 aux

AN HICTEN=Tri1a

ORIG_LABEL=advcl|SpaceAfter=No

1 har ha AUX PRES-
AUX Mood=Ind|Tense=Pres|VerbForm=Fin|
Voice=Act 2 aux

AN HICSTEN=Tri1a

Figure 5: Search results for the same query as in Figure 4 in CoNLL-U mode.
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Treebank 1 :Browse... | en_lines-ud-test.conllu Treebank 2 (optional) ‘:Browse... | sv_lines-ud-test.conllu

Query

‘TREE_ (FEATS_ "VerbForm={Part->Sup}") [AND [LEMMA "{have->ha}", FEATS_"Tense=Pres"]] ‘
Replacement

‘CHANGES [FILTER_SUBTREES TRUE (OR [DEPREL_ "aux", DEPREL_ "cop"]), PRUNE TRUE 1] ‘
Mode O text O CoNLL-U @ tree Options [} diff \:Reset || search

21 hits - save: Tlfile T2file parallelfile

root
aux:pass root
ﬂ aux

AUX  AUX  VERB AUX  VERB

, have been changed har andrats 1
lrom lmo(
aux aux
AUX  VERB AUX \/E'RB
, 've suspected har misstankt 2
root root
AUX  VERB AUX \/_ERE
has cooked har tillagat

3

Figure 6: Search results for the same query as in Figure 4 in tree mode.

4.2 Input formats

STUnD'’s first prototype only accepted CoNLL-U input. The number of
available pre-annotated parallel UD treebanks is, however, rather limited.
Therefore, users often need to automatically process other texts with a de-
pendency parser. To make our tool more accessible, we opted for integrating
parsing into STUnD itself, which now also supports raw text input.

If, upon clicking on “Search”, one or both input files consist of raw
text, the first step is determining their language. If the file name starts
with a two letter ISO 639-1 language code' followed by an underscore (e.g.
sv_for Swedish), the text is assumed to be in the corresponding language.
Otherwise, the language of the text is automatically inferred.

Once the language has been determined, after asking the user for consent,
the text is sent to the UDPipe APLY where it is parsed with the default model
for the language in question. If parsing is successful, the given query is run
directly on the output. Afterwards, however, any parse errors can be manu-
ally corrected with STUnD’s manual editing functionality (cf. Section 4.4.3).

14 See loc.gov/standards/is0639-2/php/English_list.php for the full list of codes.
15 1lindat.mff.cuni.cz/services/udpipe/api-reference.php


https://www.loc.gov/standards/iso639-2/php/English_list.php
https://lindat.mff.cuni.cz/services/udpipe/api-reference.php
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Under the hood: Language identification Language identification is based on
langid. js,* a JavaScript implementation of langid.py (Lui & Baldwin 2012)
which uses a multinomial Naive Bayes classifier over byte n-grams (with 1 <
n < 4). The model has been trained on data for 97 languages and 5 domains:
government documents, software documentation, newswire, Wikipedia, and
internet crawls. It has been shown that this method achieves high accuracy
across domains (Lui & Baldwin 2011).

a github.com/saffsd/langid. js

4.3 STUnD queries

This section delves into the core of STUnD: the query engine. We start by dis-
cussing how the tool can be used to explore individual treebanks, presenting
the basic query language and pattern matching algorithm (Section 4.3.1).
We then move on to querying parallel treebanks, discussed in Section 4.3.2.
Finally, Section 4.3.3 introduces replacement patterns, which allow applying
systematic changes to the search results so as to refine them.

4.3.1 Simple queries

STUnD queries are based on the pattern matching functionalities of the gf-ud
toolset for dependency trees and interlingual syntax (Kolachina & Ranta 2016,
Ranta & Kolachina 2017),16 whose UD-related utilities are now maintained
as a separate software library, deptreehs.” The latter provides a Haskell-
embedded pattern matching language with a concise syntax especially well-
suited for describing syntactic (tree) structures.

In the following, the aim is to give the reader a good understanding of
the fundamental constructs of the query language so as to be able to follow
the examples presented in this chapter and get started with writing their
own queries. Certain details are therefore omitted. The full specification of
the query language is available as part of the deptreehs documentation.'8

Basic patterns  The most basic STUnD patterns describe the contents of a
single CONLL-U field. They consist of the name of the field itself followed
by a string of text, delimited by double quotes, that specifies its desired
value. The currently supported fields are FORM, LEMMA, UPOS, XPOS,
FEATS, DEPREL and MISC. When a query consists of a single basic pattern,

16 Source code available at github.com/GrammaticalFramework/gf-ud.
17 Source code available at github.com/harisont/deptreehs.
18 github.com/harisont/deptreehs/tree/main/docs


https://github.com/saffsd/langid.js
https://github.com/GrammaticalFramework/gf-ud
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Treebank 1 | Browse... | en_lines-ud-test.conllu Treebank 2 (optional) "Browse... | No file selected.

Query

[uPOs "AD)" \
Replacement

‘add\t\ona\ replacement rule (optional) ‘

Mode ® text O CoNLL-U O tree Options [ diff \:Reset || search
1320 hits - save: T1 file

1 If you plot multiple charts , you will see a drop area for multi-chart fields .

2 This type of drop area is not displayed for single charts .

When you move a field to the series area , the unique items of data within the field are displayed as data series in the chart
3 .

4 These series are represented by colored data markers , and their names appear in the chart legend .

When you move a field to the category area , the unique items of data are displayed as categories , or related groups of
& data .

When you move a field to the category area , the unique items of data are displayed as categories , or related groups of
6 data .

7 A filter field is similar to a page field in a Microsoft Excel PivotTable report .

In the following example , the Salesperson field is in the MultiChart area , but it 's filtered so it displays individual charts for
8 Buchanan and Davolio .

In the following example , the Salesperson field is in the MultiChart area , but it 's filtered so it displays individual charts for
9 Buchanan and Davolio .

10 Filtered Salesperson field in MultiChart area

1 Moving the category or series fields to inner or outer levels
Figure 7: Search results for the query UPOS "ADJ" on the English half of the LinES
treebank. Most hits consist of single tokens, but when adjectives have a modifier or
a conjunct, such as in hit number 11, the entire subtree is retrieved. In one case, the
adjective similar, used as a copula complement, is the root of the sentence, which is
therefore considered a match in its entirety (cf. hit number 7).

such as UPOS "ADJ", STUnD will retrieve all dependency subtrees rooted in
an adjective encountered in the corpus, regardless of their “depth” in their
parent tree (cf. Figure 7).

Strings used in a basic pattern can start or end with the wildcard *,
matching any substring. The pattern DEPREL "*comp", for example, matches
both classes of UD clausal complements (ccomp and xcomp). In addition,
some basic patterns have a “relaxed” version, characterized by an underscore
following the CoNLL-U field name. The pattern DEPREL_ "aux", for instance,
ignores relation subtypes, matching subtrees labelled both aux and aux:pass,
whereas its stricter counterpart DEPREL "aux" only matches auxiliaries in
non-passive constructions.

Compound patterns Basic patterns can be combined by means of logical
operators, into sequences and/or into tree patterns.

The query language provides three logical operators: AND, OR and NOT.
For example, the pattern

AND [OR [UPOS "VERB", UPOS "AUX"], NOT (DEPREL "cop")]

matches all (sub)trees rooted in a verb or auxiliary, except those used as a
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copula. As displayed in the example above, the AND and OR operators are
followed by a comma-separated list of patterns delimited by square brackets,
while the NOT operator is followed by a single pattern, enclosed in parenthe-
ses.!? Additionally, the pattern TRUE can be used to match any subtree.
Similar to AND and OR expressions, sequences of patterns can be built by
prepending the keyword SEQUENCE to a list of patterns. The pattern

SEQUENCE [DEPREL "nmod:poss", UPOS "NOUN"]

for instance, matches all possessives immediately followed by a noun. If the
sequence need not be contiguous, a SEQUENCE_ pattern, where this constraint
is relaxed, can be used instead.

Last but not least, tree patterns, used to search for dependency-syntactic
structures, are the real strength of the query language. The form of a tree
pattern is TREE p [pl, p2, p3...], where p is a pattern to be matched by
the head of the subtree, while p1, p2, p3... are to be matched by its dependents
in the order in which they appear in the query, without any other intervening
subtrees. For example, the pattern

TREE (UPOS "NOUN") [DEPREL "nmod:poss"]

appears similar to the previous example, but there are some important
differences between the two. First of all, the tree pattern specifies that there
has to be a head-dependent relation between the noun and its modifier, i.e. a
link that connects the former to the latter. Therefore, search results with this
query will include nouns that have a possessive modifier attached to them,
independent of the order in which the two elements appear and even if there
are other intervening words. This pattern, however, excludes all trees that
have both a determiner and some other token among their dependents.

A more relaxed — and more commonly used — version of this pattern,
TREE_, allows for additional dependents at any point in the sequence. Re-
placing TREE with TREE_ in the pattern above therefore produces a query that
matches all noun-possessive pairs in a head-dependent relation, including
those with other modifiers. The running example from Section 2.1.3, We are
annotating our first sentence. — whose dependency analysis is given in (4) —
would only be matched by this second version of the tree pattern, since the
word first occurs between the possessive pronoun and the noun and is also a
dependent of the latter.

Finally, the slightly more complex pattern

TREE_ (FEATS_ "VerbForm=Part") [AND [LEMMA "have", FEATS_
"Tense=Pres"]]

Note that square brackets are used to delimit lists of patterns, whereas round brackets
surround single patterns whenever they occur as part of larger compound ones, similar to
parentheses in a mathematical expression.
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matches all participles with a present-tense inflection of the verb to have
among its dependents, i.e. all English present perfect constructions.?® Its
non-underscored version, on the other hand, would only retrieve instances
where have/has is the only dependent of the participle.?!

Under the hood: Basic query matching From a technical standpoint, when a
query is run on a treebank T, STUnD goes through all sentences in the treebank
and visits each tree t and all of its subtrees recursively, looking for any subtree
t" matching the given pattern. Formally, search results always consist of a set of
subtrees (possibly several per sentence), with two edge cases: (1) single tokens,
i.e. “leaves” and (2) complete sentences, i.e. full dependency trees. This means
that, in all cases excepts the latter, results may not be well-formed CoNLL-U
trees with an explicit root and progressive token IDs starting from 1. STUnD,
however, rescales the ID and HEAD fields and overwrites the dependency label
of the head of each extracted subtree with root, storing its original value in
the MISC field. This is to ensure that search results can be further processed
without any post-editing.

4.3.2  Parallel queries

Up to this point, we have discussed how simple queries can be applied to a
single UD treebank. This is similar to what can be achieved with all treebank
search tools mentioned in Section 3. STUnD, however, was designed with
the goal of facilitating parallel treebank exploration, which will be the focus
of this section. We start by discussing what happens when a query is run
on two sentence-aligned treebanks and then move on to query language
extensions specifically meant for parallel search.

When a query is run on a parallel corpus, STUnD matches it on the left-
hand-side treebank (T) as described in Section 4.3.1, but also attempts to
find a semantic correspondence in the right-hand-side treebank (T5). If, as
in Figure 8, the user looks for adjectives, hits will consist of subtree pairs
consisting of an element of T; that matches the query directly (i.e. is rooted
in an adjective) and its counterpart in T,. The latter does not necessarily
need to match the query: in hit number 7, for instance, the entire sentence is
rooted in the adjective similar, used as a copula complement for the auxiliary
is, whereas the root of the Swedish translation is the verb liknar ‘resemble’.

20 This pattern is equivalent to the Grew-match query shown in Section 3.

21

This is never the case in standard English because the obligatory subject of a present perfect-
tense clause is also always a dependent of its head, which is the participle itself.
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Treebank 1 | Browse... | en_lines-ud-test.conllu
Query

Treebank 2 (optional) | Browse... | sv_lines-ud-test.conllu

[uPOs "AD)"

Replacement

‘add\t\ona\ replacement rule (optional)

Mode @ text O CoNLL-U
1320 hits - save: T1 file

J tree

T2file parallel file

1 chart fields .
2 This type of drop area is not displayed for single charts .

When you move a field to the series area , the unique items
of data within the field are displayed as data series in the
3 chart.

4 their names appear in the chart legend .

When you move a field to the category area , the unique
items of data are displayed as categories , or related groups
5 ofdata.

When you move a field to the category area , the unique
items of data are displayed as categories , or related groups
6 of data.

Options [_] diff

If you plot multiple charts , you will see a drop area for multi-

These series are represented by colored data markers , and Dessa serier representeras av fargade datamarkorer och

| Reset || Search
Om du gér i ordning flera diagram far du se ett slappomréde
for multidiagramfalt . 1

Den typen av sldppomrade visas inte fér enskilda diagram . 2

Nar du flyttar ett falt till serieomradet visas de unika
dataelementen inom faltet som dataserier i diagrammet . 3

namnen visas i diagrammets forklaring . 4

Nar du flyttar ett falt till kategoriomradet visas de unika
dataelementen som kategorier eller relaterade datagrupper. 5

Nar du flyttar ett falt till kategoriomradet visas de unika
dataelementen som kategorier eller relaterade datagrupper. 6

A filter field is similar to a page field in a Microsoft Excel

Figure 8: Search results for the query UPOS "ADJ" on the parallel English-Swedish
treebank LinES.

For finding such semantic correspondences, STUnD relies on the concept-
alignment Haskell library?? (Masciolini & Ranta 2021), which uses a set of
customizable rules to determine which sentence fragments correspond to
each other in a parallel treebank. This software package was originally de-
signed for automatically bootstrapping translation lexica from multilingual
corpora, but can also be applied, sometimes with even better results, to other
types of parallel data (cf. Section 6).

Under the hood: Subtree alignment Technically, what concept-alignment does is
comparing two sentence-aligned UD treebanks and recursively extracting pairs
of semantically corresponding subtrees, i.e. words or phrases, based on a set of
customizable alignment criteria. In the case of STUnD, these are heuristics based
on UD’s cross-lingual abstractions, such as comparing dependency labels,
UPOS tags of content words and — for same-language parallel treebanks —
lemmas. It follows that the quality of the alignments varies depending on
the syntactic similarity between the two treebanks and on the quality of the
UD annotation. For a manually annotated corpus of Swedish to Norwegian
translations, for instance, concept-alignment is quite reliable. At the opposite
extreme, results obtained from an automatically parsed corpus of texts in
two typologically unrelated languages can be less satisfactory, especially if
tokenization conventions differ. For this reason, it is important for matches to
also be available in the context of the full sentences they appear in.

22 github.com/harisont/concept-alignment.
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Under the hood: Matching queries on parallel treebanks The parallel query match-
ing algorithm, first introduced in Masciolini (2023) is as follows:

1. the alignment module extracts phrase- and word-level alignments from
the input parallel treebank (T;, T5). The result of this step can be seen
as a larger, intermediate parallel treebank (T}, T, ) where each element
is a pair of aligned UD subtrees retaining information about the “parent
sentence” of each subtree

2. T, is recursively scanned for subtrees matching the query, exactly as
discussed in Section 4.3.1

3. each matching subtree t, is looked up in T}. At this point, there are two
possibilities:
o if it is found, the hit will consist of the subtree alignment (t/,t5),
where t; =t}

o if there is no such subtree pair in (T, T5), it means that the align-
ment step has failed to find a counterpart for t; in T,* and t; is
returned alongside a “dummy” empty UD tree. STUnD’s UI, how-
ever, still makes it possible — at least in text mode — to compare the
(t1,t,) full sentence pair the match occurs in.

a This is sometimes due to the limitations of the alignment module, but also common
and expected when the query looks for something eminently language-specific, such
as certain function words. Looking for definite determiners in an English-Swedish
treebank, for instance, typically results in a lot of partial matches, since definiteness is
mostly expressed morphologically in Swedish.

Divergence patterns We have seen how basic queries alone can be a useful
tool for searching parallel treebanks. In a number of cases, however, users
might want to specify what exactly to look for in each of the two halves of
a parallel treebank. When studying translation divergences, for instance, it
may be useful to retrieve all instances where a direct object in the source
text is rendered as an oblique in its translation (cf. Figure 9) rather than
looking for all English objects and their Swedish counterparts only to filter
the results manually.

In STUnD, this is possible through so-called divergence patterns, i.e. queries
containing a T; and a T,-specific portion. A divergence pattern essentially
consists of two basic queries to be matched in parallel, one on T; and one on
T,. Looking for objects translated as obliques, for instance, means looking
for subtree alignments where #] is labelled as obj and t} as obl. For the sake
of conciseness, however, the basic query language has been extended with
an arrow syntax which allows specifying the treebank-specific portions of



472 Masciolini, Lange & T6th

Treebank 1 | Browse... | en_lines-ud-test.conllu Treebank 2 (optional) | Browse... | sv_lines-ud-test.conllu

Query

[DEPREL_ "{obj->obl}" \
Replacement

‘add\t\ona\ replacement rule (optional) ‘

Mode ® text O CoNLL-U O tree Options [] diff | Reset || Search
32 hits - save: Tlfile T2file parallelfile

1 Click the grid of grouped lines . Klicka pa rutnitet av grupperade linjer . 1
2 The counterman shook his head . Mannen bakom disken ruskade pa huvudet . 2

Om Stillman inte dok upp skulle Quinn aka raka vagen till
If Stillman did not show up , Quinn would go straight to 69th  69:e gatan och lagga fram allt han visste for Virginia

3 Street and confront Virginia Stillman with what he knew . Stillman . 3
At the baggage carousel | see my youthful Hasid again and Vid bagagekarusellen far jag syn pa min ungdomlige

4 we take a final look at each other . chassid igen och vi tar en sista titt p& varandra . 4
The Archbishop , who has himself cooked the eggplant and ~ Arkebiskopen , som sjélv har tillagat auberginerna och

5 the leg of lamb , tells the company his recipes . lammsteken , upplyser séllskapet om sina recept . 5
Two or three times | consider whether to mention to him a Tva eller tre ganger dvervager jag att tala med honom om en
letter | sent Le Monde during the 1973 war about the position inséndare som jag skickade till Le Monde under kriget 1973

6 being taken by France . om den hallning som Frankrike intog . 6
Two or three times | consider whether to mention to him a Tva eller tre ganger dvervager jag att tala med honom om en
letter | sent Le Monde during the 1973 war about the inséandare som jag skickade till Le Monde under kriget

7 position being taken by France . 1973 om den héllning som Frankrike intog . 7

8 | decide to let him enjoy his dinner . Jag bestammer mig fér att lata honom njuta av sin middag . 8

Nota held the rank of captain in the Russian army and fought Nota innehade kaptens rang i ryska armén och slogs mot

Figure 9: STUnD used to search for translation divergences in the parallel English-
Swedish treebank LinES.

the query without rewriting the entire pattern twice. The query

DEPREL_ "{obj -> obl}"

for example, reads as “find all T; subtrees whose head is a direct object and
whose counterpart in T, is a subtree rooted in an oblique”.

Under the hood: Matching divergence patterns The matching algorithm for di-
vergence patterns is exactly the same used when running a basic query on a
parallel treebank, except that the arrow notation is expanded into two separate
queries (q;,4,) (in this simple example, q,: DEPREL_ "obj" and ¢;: DEPREL_
"obl" and that a sentence pair (¢, t,) alignment is only considered a match if,
given one of its (t7,t;) alignments, t] matches g; and ¢, matches g,.

4.3.3 Replacement patterns

As mentioned previously, STUnD offers replacement patterns as a way to
refine search results. More broadly, replacement patterns can be used to ap-
ply arbitrary changes to a treebank. This can be useful in settings other than
treebank querying, e.g. for fixing systematic annotation errors or adapting
an existing treebank to updated annotation guidelines that affect specific
linguistic phenomena.
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Treebank 1 Treebank 2 (optional) Treebank 1 Treebank 2 (optional)
\ Browse... | sv_lines-ud-test.conllu | Browse... | No file selected. \ Browse... | sv_lines-ud-test.conllu | Browse... \ No file selected.
Query Query

| TREE_ (FEATS_"VerbForm=Sup") [AND [LEMMA "ha", FEATS_"Tense=Pres |

| TREE_ (FEATS_ "VerbForm=Sup") [AND [LEMMA "ha", FEATS_ "Tense=Pres

Replacement

Replacement

‘addmonal replacement rule (optional) ‘

‘COMPOSE [FILTER_SUBTREES (UPOS "VERB") (UPOS "AUX"), PRUNE TRUE

Mode @ text O CoNLL-U
Options [ diff
71 hits - save: T1 file
Nar du har gjort detta kommer gruppen Kategori att ha tre
1 medlemmar : Atgérdat , Populdr och Andra .
Féljande illustration visar hur pivottabellvyn kommer att se
ut efter att rubrikerna for de egna gruppfalten och egna
2 grupperna har éndrats .
Foljande illustration visar hur informationen ser ut nar faltet
3 Kategori har tagits bort .
Han framhaller med stort eftertryck att allt som skildras i
4 boken verkligen ocksa har intréffat .
Fast jag har ju alltid misstéankt att Cervantes sjalv
5 brukade sluka de dar gamla riddarromanerna .
Ménniskor med rastlost intellekt , vilkas allméanbildning

O tree ) . \
Reset || Search |

Mode @ text O CoNLL-U
Options [ diff
71 hits - save: T1 file

Nér du har gjort detta kommer gruppen Kategori att ha tre
1 medlemmar : Atgédrdat , Populdr och Andra .

Féljande illustration visar hur pivottabellvyn kommer att se

ut efter att rubrikerna fér de egna gruppfalten och egna
2 grupperna har andrats .

Foljande illustration visar hur informationen ser ut nar faltet
3 Kategori har tagits bort .

Han framhaller med stort eftertryck att allt som skildras i
4 boken verkligen ocksa har intraffat .

Fast jag har ju alltid misstéankt att Cervantes sjalv brukade
5 sluka de dar gamla riddarromanerna .

Manniskor med rastldst intellekt , vilkas allménbildning har

O tree ) y )
Reset || Search |

6 har s& manga kontaktytor , har hort talas om Einstein . 6 s&manga kontaktytor , har hért talas om Einstein .

Figure 10: STUnD used to search for occurrences of the Swedish presens perfekt,
with and without using a suitable replacement pattern. On the right hand side, the
replacement is used to isolate the verb construction.

The replacement patterns most widely used in STUnD, however, are the
ones that allow filtering or pruning the trees that the user obtains as a result
of running a query, thus isolating their most salient parts.

FILTER_SUBTREES (UPOS "VERB") (UPOS "AUX")

for instance, can be used to remove all dependents of verbs other than their
auxiliaries. The query

PRUNE TRUE 1

on the other hand, decreases the depth of all subtrees to 1, thus reducing the
search results to the subtrees” heads and their immediate dependents.

It is also possible to combine several changes into a single replacement
pattern. There are two ways to do this. Prepending the keyword CHANGES to
a list of replacements [X,Y,Z] goes through all subtrees looking for possi-
bilities to perform each operation and applies the first applicable one. With
COMPOSE [X,Y,Z], on the other hand, the edit operation X is performed first
wherever possible, Y is applied to the resulting treebank, z on the results of
Y and so on. For example,

COMPOSE [FILTER_SUBTREES (UPOS "VERB") (UPOS "AUX"), PRUNE TRUE 1]

combines the two patterns discussed above making it so that pruning hap-
pens only after irrelevant subtrees have been filtered out (for a real-world
example of application of this pattern, see Figure 10).
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Treebank 1 | Browse... | format_errors.conllu Treebank 2 (optional) \'srowse... | No file selected.

Query

[DEPREL_ "root" \
Replacement

‘add\t\ona\ replacement rule (optional) ‘
Mode ® text O CoNLL-U O tree Options [] diff |Reset || search

Problem with treebank file format_errors.conllu: input is not in valid CoNLL-U format

invalid UPOS tag: A
ERROR: incomplete line in

6 . PUNCT . _ 5 punct _  SpaceAfter=No|TokenRange=18:19

Figure 11: Trying to load an invalid CoNNL-U file into STUnD. The results are two
error messages, one signaling that A is not a valid Universal POS tag, one indicating
that one of the lines does not contain all expected values.

4.4  Other functionalities

Aside from treebank querying, STUnD has a set of features geared towards
treebank annotators: treebank validation, diff mode and manual editing.

441 Validation

In the examples above, STUnD was used to explore officially released tree-
banks, the gold standard for UD annotation. Treebanks under development,
however, often present format errors that can hinder or completely prevent
processing with STUnD, leading to issues such as failures to render depen-
dency trees and misleading query results. For this reason, STUnD performs
some basic validation of the input data, checking that all word lines con-
tain 10 tab-separated fields, as well as that all token IDs, UPOS tags and
DEPRELSs are valid as per the UD universal annotation guidelines. If the
treebank contains one or more format errors, these are listed in the user
interface (cf. Figure 11). This feature has proved to be useful when grading
UD annotation assignments and can help new treebanks in the initial phases
of their development, but it should not replace the official UD validator.??

4.4.2 Diff mode

Diff mode helps users identify discrepancies between two similar treebanks.
This feature can be useful when exploring parallel L1-L2 treebanks, as well as
when comparing alternative analyses of the same text. Both use cases will be

The official UD validator can be downloaded at github.com/UniversalDependencies/tools/
blob/master/validate.py and is automatically run whenever an official UD repository is
added or updated.


https://github.com/UniversalDependencies/tools/blob/master/validate.py
https://github.com/UniversalDependencies/tools/blob/master/validate.py
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Treebank 1 :Browse.../ test_L2.conllu Treebank 2 (optional) [Browse...‘ test_L1.conllu

Query

| DEPREL_ "root" \
Replacement

‘addmona\ replacement rule (optional) ‘

Mode ® text O CoNLL-U O tree Options @ diff [Reset | search |

5024 hits - save: Tlfile T2file parallelfile

1 Why to film the school ? Why film the school ? 1
In Painting | talk about human beings in this world , in big Through Painting I talk about human beings in this world
canvases ; and in Photography , with Collages , | talk , on big canvases ; and through Photography , in

2 about anger and guilty in the families ' lines . Collages , | talk about anger and guilt in the family line . 2
| always use many electric products ; washing machine , |always use many electric appliances ; washing machine

3 dish-washer , vacuum cleaner , blender , juice , fridge . , dish-washer , vacuum cleaner , blender , juicer , fridge. 3

4 Thank you very much about that . Thank you very much for that . 4

I would like to travel in July because | have got summer | would like to travel in July because | have got my
holidays from July to August and | work as a bank clerk summer holidays from July to August and | work as a
5 in August. bank clerk in August . 5

The only thing to do is : to compensate me , send my The only thing to do is : to compensate me , send me my
money back , | am sending my ticket for that : Hope you money back . | am sending my ticket for that . Hope you
‘Il be fair with me otherwise | am going to take this further ‘Il be fair with me otherwise | am going to take this further

You can imagine how upset we were and we ask you for
You can imagine how upset we were and we asked you  some compensation for the night that we spent at your
7 for our reward for the night that we spent . theatre . 7

Figure 12: STUnD to browse the test set of the English as a Second Language (ESL)
treebank (Berzak et al. 2016) with diff mode enabled. Treebank 1 consists of original
learner productions, while Treebank 2 contains the corresponding corrections.
Therefore, the highlighting helps identifying grammatical errors.

discussed in Section 6. With diff mode enabled, pairs of aligned subtrees that
diverge in terms of surface word forms and/or annotation are highlighted in
purple, asillustrated in Figure 12. Comparing subtrees rather than individual
tokens yields visualizations that are sometimes coarser-grained compared
to those available in text-based diff tools and annotation platforms such as
Arborator-Grew (Guibon et al. 2020), but more flexible: it is in fact possible
to use STUnD’s diff mode on any two variants of a given text, potentially
even a text and its translation to a different language, provided that the
definition of “divergence” is adequately relaxed.?*

4.4.3 Manual editing

In Section 4.3.3, we discussed how replacement patterns can be used not only
to refine search results, but also to apply arbitrary changes to the treebank(s).
This, however, is often not the most practical way to edit individual trees.
The user can therefore also edit the treebank manually. This is currently
supported in CoNLL-U mode only, with plans to add a table view for less

STUnD’s UI does not currently make it possible to configure the tool to obtain meaningful
diffs when comparing different languages, but the underlying code is easy to modify in this
sense.
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error-prone editing. Compared to other CONLL-U editors such as Arborator-
Grew (Guibon et al. 2020), in any case, STUnD’s editing functionalities are
basic. Editing in STUnD should therefore be seen as a quick way to apply
the final touches to a treebank that is undergoing annotation rather than as
the main annotation tool for a treebanking project in its early stages.

5 Case study: cross-linguistic comparison

In the following, we demonstrate the use of STUnD in a case study. The
case study explores the usage of the Swedish and English present perfect
tense-aspect forms and its Japanese equivalents. While Japanese has no
tense-aspect form directly corresponding to the present perfect form of
Swedish and English, we chose the form -teiru in Japanese as a nearly corre-
sponding form, as -teiru has reportedly similar uses to the present perfect
of English (Shirai 2000, T6th 2022). For the sake of simplicity, we will use
the abbreviation PresPf for the present perfect when referring to both the
present perfect in English and its counterpart presens perfekt in Swedish. We
use language-specific namings for the categories of Swedish and Japanese,
in order to avoid confusion with English categories. The overarching pur-
pose of the case study is to show how the STUnD tool can be used to make
cross-linguistic observations on grammatical structures, more specifically
on tense-aspect systems.

Languages have various grammatical forms to express time and by in-
vestigating the distribution of the forms cross-linguistically we can draw
conclusions on the similarities and differences between tense-aspect systems
of different languages. The PresPf is interesting in this sense since it shows
great cross-linguistic variation (De Swart 2016). For instance, the use of the
PresPf in Swedish interrogative clauses such as Har du sovit gott? is not un-
usual, while the preterite Did you sleep well? would be preferable in English
in a similar situation (Larsson & Lyngfelt 2011). Thus, the questions are to
what extent the use of the PresPf agrees between two or more languages,
and what forms a language which has no designated PresPf form — such as
Japanese — uses in the same situations.

5.1 The tense-aspect systems of English, Swedish and Japanese

Swedish and English have a similar division of tense forms, shown in Table 1,
where we exemplify the tense forms with the verb to run in English and
springa ‘run’ in Swedish. The Swedish tense forms correspond approximately
to those of English, although these tense forms are used slightly differently
in the two languages.?’
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Table 1: Tense forms in English and Swedish.

English tense forms Swedish tense forms
Simple present: Enkelt presens:

runs springer

Preterite: Preteritum:

ran sprang

Present perfect: Presens perfekt:

has run har sprungit

Pluperfect: Pluskvamperfekt:

had run hade sprungit

will + infinitival verb: ska + infinitival verb:

will run ska springa

would + infinitival verb: skulle + infinitival verb:
would run skulle springa

(is) going to + infintival verb: kommer att + infinitival verb:
is going to run kommer att springa

(was) going to + infinitival verb: kom att + infinitival verb:
was going to run kom att springa

One point of difference between the two languages is that English has a
form for progressive aspect, namely the be + ing-construction, which can be
combined with the PresPf, as in I have been eating (cf. I have eaten; both forms
can be translated to Swedish with the PresPf jag har dtit). Swedish has a
repertoire of constructions for expressing progressive aspect (e.g. hdlla pi att
dta, lit. ‘hold on to eat”) but it has no inflectional form for progressive aspect.
The PresPf of Swedish consists of the auxiliary ha in present tense ‘have’
and the supine form?° of the main verb, e.g. har itit "has eaten’, and refers
to a past event with some sort of relevance at present time (Teleman et al.
1999). A sentence such as Jag har dtit min macka ‘I have eaten my sandwich’
indicates that as a result of eating the sandwich in the past, the sandwich "is’
eaten at present. In Swedish, the auxiliary ha can be omitted in subordinate
clauses e.g. Jag ser att du redan (har) dtit ‘I see that you (have) already eaten’,
meaning that the supine form appears without an auxiliary. The Swedish

For instance, in cases where English would use the future tenses will run or going to run, the
preferred counterpart in Swedish is often enkelt presens (the simple present): springer ‘run(s)’”.
The supine form (e.g. brutit ‘broken’) of Swedish, used in the present perfect, is distinct from
the past participle (e.g. brutet ‘broken’).



478 Masciolini, Lange & T6th

Table 2: Tense-aspect forms in Japanese.

Non-past Past
Non-continuous -ru -ta
Continuous -tei-ru -tei-ta

PresPf corresponds to the English present perfect, which consists of the
auxiliary have in present tense and the past participle, e.g. have eaten.

Japanese has four basic tense-aspects forms (Kudou 1995), as summa-
rized in Table 2. The four forms are inflections and thus directly attach to
verbs. All four forms convey both temporal (past/non-past) and aspectual
(continuous/non-continuous) information. Non-past forms are generally
used for events occurring at the present moment or in the future, while past
forms are generally used for events occurring in the past. The continuous
forms often express progressive aspect — however, see (7) below. The four
forms are exemplified below.?’

(6) a. Ashita wa sushi wo tabe-ru
Tomorrow ToP sushi Acc eat-NONPAST

‘I will eat sushi tomorrow’

b.  Kinou wa sushi wo tabe-ta
Yesterday ToP sushi acc eat-past
‘I ate sushi yesterday”

c. Ima, sushi wo tabe-tei-ru
Now sushi TOP eat-ASP-NONPAST
‘I'm eating sushi right now’

d. Sono toki, sushi wo tabe-tei-ta
That time, sushi Acc eat-asp-past
‘At that time, I was eating sushi’

However, all four forms interact with lexical aspect and the aspectual in-
terpretation of a form might depend on the verb used. For instance, the
-teiru form tends to indicate stativity with telic verbs (verbs with an inner
boundary), as in (7) below.

(7) Terebi ga  tsui-te-iru
TV NOM turn.on-AsP-NONPAST
“The TV is turned on’

27 The list of abbreviations used in the glosses can be found in at the end of this chapter.



Exploring parallel corpora with STUnD 479

The default interpretation of (7) is that as a result of the TV being turned on,
it /is” turned on at the present moment. Furthermore, -teiru can also indicate
that a past event has some sort of connection to the present, as in (8 a-b).28

(8) a. Satou wa, 10 nen mae  kara kono kaisha de
Satou TorP 10 year before since this company LOC
hatarai-tei-ru
WOrk-ASP-NONPAST

‘Satou has been working at this company since ten years back’

b.  Mado, ake-tei-ru yo
window Open-ASP-NONPAST PART

‘I've opened the window’

In (8a), the event of ‘working” has held from ten years back up to present
time. In (8b), the event of opening the window has a result at present,
namely that the window is open.

Japanese has forms which are used for coupling sentences, similarly to
conjunctions such as and in English. These forms are the verb stem (e.g.
the verb hashi-ru "to run’ becomes hashi-ri) and the -te-form (e.g. hashi-ru —
hashi-tte), as in Kawa made hashi-tte /hashi-ri, ie ni kaetta ‘(1) ran to the river,
and returned home’. A written language variety of -teiru, namely -teoru, can
also be inflected for the verb stem -teori when coupling sentences.

Morphologically speaking, the continuous forms in (6 c—d) consist of
the -te-form followed by the auxiliary i-ru, which can be conjugated for past
tense, i.e. i-ta. However, since -teiru and -teita function holistically as a verb
conjugation, we will not divide the glossing of Japanese examples into -fe
and i-ru/i-ta, but will refer to these forms as -teiru and -teita.

Japanese has constructions that express tense-aspect, such as the afore-
mentioned -fe-form combined with the verb kuru ‘to come” and iku ‘to go’,
which can also be conjugated in the -ta-form, i.e. ki-ta ‘came” and it-ta “‘went’”.
For instance, -te kuru as in fue-te kuru means that the event (‘increase’ in this
case) has been progressing ‘up to a certain point in time’.

The -ta koto ga aru-construction is a sort of experiential construction and
expresses that the person or thing referred to has the prior experience of
participating in the event in question. Thus, Igirisu ni i-tta koto ga a-ru means
that “(I) have been to the U.K. (before)’.

Japanese tense-aspect forms can be combined with other suffixes e.g. for
voice, politeness and negation, as in (9 a—d).

28 The examples in (8 a-b) are based on Nitta et al. (2007).
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(9) a. Tabe-mashi-ta
eat-POL-PAST

‘(T) ate’

b.  Tabe-rare-ta
eat-PASS-PAST

7

‘(It) got eaten

c.  Tabe-naka-tta
eat-NEG-PAST

‘(I) didn’t eat’
d.  Tabe-rare-mas-en deshi-ta
eat-PASS-POL-NEG COP-PAST

‘(It) didn’t get eaten’

5.2 Material and method

The material used was the parallel corpus Parallel Universal Dependencies
(PUD) version 2.12 (Zeman et al. 2017), which consists of 1000 sentences
gathered from Wikipedia texts and newspaper articles. 750 of these sentences
have English as source language. The remaining 250 sentences were gathered
from German, French, Italian and Spanish texts, but these have in turn
been translated to the other languages via English. The material has been
translated to 17 languages, among them Swedish and Japanese, and the UD
annotation has been carried out — or has at least been reviewed — manually.

Since we are interested in both exact correspondences and translation
divergences, we decided to perform four separate parallel searches using
simple queries. First, we used the query

TREE_ (FEATS_ "VerbForm=Part") [AND [LEMMA "have", FEATS_
"Tense=Pres"]]

on English-Swedish data to look for occurrences of the English PresPf and
their Swedish equivalents.?’ A similar query, capturing the Swedish PresPf
construction, was then run on both Swedish-English and Swedish-Japanese
data:

TREE_ (FEATS_ "VerbForm=Sup") [AND [LEMMA "ha", FEATS_
"Tense=Pres"]]

Searching for the Japanese form -teiru proved harder than expected. First
of all, PUD tokenizes -teiru into -te + -iru (cf. Section 5.1 for the rationale
behind this). Furthermore, the two tokens have several equivalent spellings,

29 This query was already discussed in Section 4.3.1.
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which made it impractical to use FORM-based queries. Last but not least,
-teiru can be conjugated in -ta — a form outside the scope of this study — or
appear in several negated forms, which are, on the contrary, all relevant for
our purposes. Therefore, the -teiru query underwent several revisions:

1. Our first attempt was the following;:

SEQUENCE [XPOS "Bh&A-#&#tBhE", xpos
"E)5A)-IFE I AT RE- E—BR- 71T

This query is based on language-specific POS tags as these are rather

fine-grained when it comes to Japanese: -te is tagged as Bhza-#&#5cENE

(joshi-setsuzokushi, meaning “particle-conjunction’), > whereas the XPOS
tag for -iru is EN5A-3FB L AIRE-_E—ER- 71T (doushi-hijiritsukanou jou-
ichidan-agyou, ‘verb — non-independent jouichidangyou paradigm”).3!

The SEQUENCE keyword combines these two forms and was expected

to give us instances of -teiru. However, it turned out that results

also included instances of the form -teita (-teiru conjugated in -fa, see

above). Manual checking also revealed that this query failed to re-
trieve all instances of -teiru: whenever multiple instances of -teiru were

present in the same sentence, only one was retrieved. This is because

SEQUENCE queries return the smallest subtree covering the entire given

sequence, which often “includes” several otherwise easily distinguish-
able matches. Negated -feiru forms, such as -teinai, were also excluded,
as the negations imply changes in the second token, -iru. For this rea-
son, we decided to base our second attempt on information from the

UniDic morphological lexicon (Den et al. 2008), which the treebank
stores in the MISC field under the key UniDicInfo.

2. This yielded a second, more compact query, which was ultimately the
one we used:

TREE (MISC "UniDicInfo" "*TUL\3") []

T3 is read as feiru and refers to the -teiru form.3? This query cor-
rectly identified all instances of -teiru, including negated forms and

Alone, XP0S "BhER-1E#EENER" also retrieves other forms which work as conjunctions, such as
the particle ga and the verb form nagara.

Eh50-FEB 11 A 8E- £ —ER-771T actually refers to verbs with a certain inflectional paradigm
and not just the auxiliary iru.

Here, using a TREE query with an empty list of dependents ensures that the token matching
the subpattern MISC "UniDicInfo" "*C\L)3"isaleaf. Thishelpsbetter isolating the relevant
sentence segments and not getting duplicate hits, since otherwise the whole subtree rooted
in -te — potentially very extensive — would also be a match (UniDicInfo has the same value
for both -te and -iru).
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multiple occurrences in the same sentence. However, results also in-
cluded -teita- forms.

3. We tried getting rid of these with a the third query, combining UniDic
and XPOS information:

SEQUENCE [TREE (MISC "UniDicInfo" "*TULV3") [], (NOT (XPOS
"BhEhEa-BiEhEE -2 ")) |

BhENEE-BNENFA- & is read as jodoushi-jodoushi-ta ‘auxiliary-auxiliary-ta’
and refers to the -ta form. This query failed however once again in
finding negated -teiru forms and multiple occurrences in the same sen-
tence. For this reason, we settled upon the second query and manually
filtered out -teita forms.

5.3 Results

We present our results pairwise, based on the searches conducted. We start
out with the search on English, yielding Swedish correspondences, and move
next to Swedish, yielding English correspondences. We then do the same
for Swedish and Japanese, i.e. search on Swedish to Japanese, and finally
Japanese to Swedish.

We will only focus on tense-aspect forms in the Japanese categorization,
and disregard other suffixes, e.g. for politeness, voice and polarity as these
are not relevant for our purposes. Thus, a verb form such as tabe-rare-tei-
masen deshita ‘It had not been eaten (polite)” will be categorized as teiru-form.
In the Japanese glossing, we will use the labels -ra and -reiru instead of past
and asp-NoNPasT in order to highlight places where the -ta and -teiru forms
appear (cf. examples 6b and 6 c). Also, note that Japanese has a different
writing system than Swedish and English. To make the results accessible to
a broader audience, Japanese examples are romanized.

5.3.1 Swedish equivalents to the English present perfect

The search on the English PresPf gave 87 hits. The tense forms in the Swedish
translation are given in Table 3. Presens perfekt occurred in the majority of
cases (e.g. har foreslagit "has proposed”), but in six cases supinum utan hjilpverb
‘supine without auxiliary” appeared instead (e.g. tidslinjer som flutit runt
i medierna, where flutit is the supine form). In one case preteritum (visade
‘showed”) appeared and in three cases enkelt presens (e.g. the main verb har
‘have’, where English used the present perfect (e.g. have made).
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Table 3: Swedish equivalents to English present perfect.

Form Frequency
Presens perfekt 77 (88,5%)
Supinum utan hjélpverb 6 (69%)
Enkelt presens 3 (3,4%)
Preteritum 1 (1,1%)
Sum 87 (100%)

Table 4: English equivalents to Swedish presens perfekt.

Form Frequency
Present perfect non-progressive 75 (94,9%)
Present perfect progressive 3 (38%)
Simple present 1 (1,3%)
Sum 79 (100%)

5.3.2  English equivalents to Swedish presens perfekt

The search on the Swedish presens perfekt gave 79 hits. The tense-aspect forms
in the English text that corresponded to the Swedish presens perfekt are given
in Table 4. "Non-progressive’ in the table refers to cases where the progressive
form was not used. The present perfect non-progressive (e.g. have suggested)
occurred in most cases, but the present perfect progressive (e.g. has been
rising) also occurred three times. No progressive constructions were used
in Swedish in these three cases, but simply presens perfekt appeared, e.g. har
dkat (which can be interpreted both as ‘has been rising/has risen’). The only
occurrence of the simple present in English was in a passive construction
(the Emperors are often referred to), where Swedish used the PresPf in a passive
construction (har kejsarna ofta omtalats med). No cases of the preterite or the
pluperfect were found.

5.3.3 Japanese equivalents to Swedish presens perfekt

The query on the Swedish presens perfekt gave 79 hits. The tense-aspect forms
in the Japanese text that corresponded the Swedish presens perfekt are given
in Table 5. As the table shows, a great variety of tense-aspect forms appeared
in the Japanese data. The most common form was -ta (e.g. yosoku shi-ta
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Table 5: Japanese equivalents to the Swedish present

perfect.

Form Frequency
-ru 6 (7,5%)
-ta 27 (34,1%)
-teiru 24 (30,3%)
-teita 3 (3,7%)
-ta koto ga aru 1 (1,2%)
-te 1 (1,2%)
-te kita 3 (3,7%)
Verb stem 7 (8,8%)
-teori 3 (3,7%)
Other 4 (5%)
Sum 79 (100%)

“foresaw”), closely followed by -teiru (e.g. yousei shi-teiru ‘have requested’).3?
Presens perfekt corresponded to -ta when the event was set in the past, usually
with some sort of result as in (10) below.

(10) a. Swedish
Réstning har, i terrorns jargong, blivit  det nya
voting  has in the.terror’s jargon become the new
mjuka milet
soft  target

b. Japanese
Touhyou wa, tero no kanten kara suru to,
voting TOP terror GEN perspective from do if
atarashii sofuto taagetto to  nat-ta.
new soft target PART become-ta

‘Voting has, in the vernacular of terror, become the new soft
target’

In (10), har blivit and nat-ta express that as a result of ‘voting becoming
the new soft target’, it “is” the new soft target at present. Presens perfekt
corresponded to -teiru mainly in two cases: (1) with completed past events,

Note that the tense-aspect forms of the English translations do not fully mirror the meaning of
the Japanese tense-aspect forms entirely, as these are rough translations. For instance, yousei
shi-teiru in Japanese could be translated as ‘requested /have requested /had requested/are
requesting’ depending on the context. We chose those forms in the English translation which
we considered most natural in the case in question.
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often with a result at present, as in (11), (2) an event that holds from the
past up to present time, as in (12) below.

(11) a. Swedish
Mer idn 57 miljoner floridabor har  redan
more than 5,7 million Florida.citizens have already
gdtt och rostat efter cirka tvd veckor med personligt
gone and voted after about two weeks with personal
fortidsrostande
early.voting

b. Japanese

Yaku 2 shuukan no  kijitsumaetouhyou go  ni 570
about 2 weeks Gen early.voting after part 570
man ijou  mno Florida juumin ga  sude.ni
ten.thousand more Gen Florida citizen cen already
touhyou shi-teiru koto ga  wakatta
vote do-telRu thing Nom understood
‘More than 5.7 million Floridians have already hit the polls after
about two weeks of in-person early voting.’

(12) a. Swedish

Mycket av debatten,  frin  Demokraternas sida i ar,
much of the.debate from the.Democrats’ side this year
har handlat om  wvit manlig identitet

has been about white male identity

b. Japanese
Kotoshi, minshutou gawa kara wa, hakujin dansei
this.year Democrats side from top white.people male
no aidentiti ni.tsuite ooku no giron ga  nas-are-teiru
GEN identity about much cen debate Nom do-Pass-TEIRU

‘Much of the debate, from the Democratic side this year, has
been about white male identity.’

In (11) har gétt och rostat and touhyou shi-teiru express that the event of ‘voting’
has already been completed for many participants. In (12), har handlat om and
giron ga nasare-teiru express that the event of ‘debating white male identity”
has been occurring up to now.

The -ru-form appeared six times. An example of this is tsune ni seijitekina
sokumen ga a-ru ‘always has had a political dimension’, corresponding to
Swedish har [...] alltid haft en politisk dimension "has always had a political
dimension’. -teita occurred three times, as in where Japanese rokuten tot-teita
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Table 6: Swedish correspondences to Japanese -teiru.

Form Frequency
Enkelt presens 65 (65%)
Preteritum 11 (11%)
Presens perfekt 11 (11%)
Skulle + infinitival verb 2 (2%)
Kommer + infinitival verb 1 (1%)
Infinitiv verbfras 1 (1%)
Perfekt infinitiv 1 (1%)
Other 8 (8%)
Sum 100 (100%)

‘(someone) took six points’ corresponded to Swedish vi har tappat sex poing
‘we have lost six points’.

There were also cases where presens perfekt corresponded to the forms
verb stem (e.g. rikai shi - "having understood”), -teori (e.g. zouka shi-te ori
‘having increased’) and -te (at-te ‘having met’).3*

The only occurrence of -ta koto ga aru (atta koto mo nai ‘there has not been”)
was conjugated for negation and the ga-particle was replaced with mo ‘also’.
The construction -fe kita occurred three times, as in chousa shi-te kita ‘has
investigated up to now’, which corresponded to Swedish har undersokt “has
investigated’”.

The Other category consists of cases where presens perfekt did not corre-
spond to a verb, e.g. Japanese aru Sueeden no kenkyuu ni yoru to ‘according to
Swedish research, ..." corresponded to Swedish en svensk studie har visat att
[...] “a Swedish study has shown that...".

5.3.4 Swedish equivalents to Japanese -teiru

The search for Japanese -teiru to Swedish gave 356 hits. Some of the hits
were excluded, since the query also included -teita forms which are not in
the scope of this study. Due to time restrictions we extracted only the first
100 occurrences of -teiru that appeared in the concordance. Table 6 shows
the Swedish forms that corresponded to Japanese -teiru.

The most frequent form in Swedish was enkelt presens, which made up the
majority of the occurrences. In many of these cases the Swedish siger ‘says’

These are not tense-aspect forms per se, as they do not carry tense-aspect information - the
exception being -te ori, which carries information for progressive aspect - but since they
occurred multiple times we included them in our results.
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corresponded to the Japanese verb nobe-teiru ‘(someone) mentions’. Preter-
itum and presens perfekt occurred to the same extent. Preteritum appeared
for instance as stddde ‘supported’, corresponding to Japanese shiji shi-teiru
‘have supported’. and presens perfekt appeared as for instance har bett ‘has
requested’, corresponding to Japanese yousei shi-teiru "has requested’.

Skulle ‘would” + infintival verb appeared twice. In both cases, the aux-
iliary ska was conjugated in the past tense skulle, which is why we indicate
these occurrences as skulle and not ska.

Kommer ‘is going to” + infintival verb occurred only once, which was
the occurrence kommer dka ‘is going to increase’, where the auxiliary was
conjugated in present tense kommer ‘come’ and not kom ‘came’. Infinitiv
verbfras ‘infinitive verb phrase’ appeared once, where Swedish (for) att prata
(om...) “(to) talk (about)” corresponded to Japanese [...] ni tsuite hanashite-ki-
teiru ‘has talked about’. Perfekt infinitiv ‘perfect infinitive” also appeared once,
where Swedish att ha varit inblandade ‘to have been involved” corresponded
to Japanese juuji shi-teiru ‘have been involved in’".

The Other category consists of cases where the -teiru form either did
not correspond to a verb or it did not correspond to anything at all in the
Swedish text. For instance, Swedish enligt ... “according to...” corresponded
to Japanese to houjirare-teiru ‘was reported that..., which is not a verb in
Swedish. An example of no correspondence is kai-teiru “writes” in (13) below
— which does not have any correspondence in the Swedish text.

(13) a. Japanese
“Saishin no  ibento” wa Reddit, Twitter, Spotify ya
recent GeN event ToP Reddit Twitter Spotify parr
sono.ta ooku no  ninki websaito ga  kanketsu.ni
other many cGeEN popular website Nom briefly
kai-teiru, 10 gatsu 21nichi no tero  jiken dearu
write-TEIRU October 21st GEN terror incident cop
kanousei ga  takai
probability nom high
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b. Swedish
De “nylign hindelserna” dr  troligen attackerna den 21
the recent events are likely the.attacks the 21
oktober  som  tillfilligt slog ut  populira

October which temporarily knocked out popular
webbsidor som Reddit, Twitter och Spotify sdvil  som
websites like Reddit Twitter and Spotify as.well as
mdnga andra

many others

‘The “recent events” are likely to be the attacks of 21 October that
briefly took down popular websites such as Reddit, Twitter and
Spotify as well as many others.’

No instances of other tenses, such as pluskvamperfekt ‘pluperfect’ were found.

5.4 Discussion

In this section, we briefly discuss what tendencies in the use of tense-aspect
forms could be seen in our data. Due to space limitations, we restrict our
observations to general patterns.

The case study showed similarities and differences in distribution be-
tween Swedish and English, and considerable variation between Swedish
and Japanese. We refrain from making any in-depth observations on the
semantics of tense-aspect forms, but our ambition is to address semantic
issues in future studies.

5.4.1 Swedish and English

Our results showed a strong correspondence between the Swedish and En-
glish PresPf. However, the English present perfect was used to a greater
extent than the Swedish presens perfekt.

The difference seems to depend on both language-specific conventions
and translation-induced variation. For instance, the English present perfect
in [...] I have made a full recovery was translated as enkelt presens: [...] dr
jag fullt dterhdmtad in Swedish. This ought to be due to the fact that the
expression make a full recovery is idiomatic and does not have an immediate
counterpart in Swedish. Therefore, the translator might have preferred the
expression vara fullt dterhidmtad which in the present context sounds more
natural in the enkelt presens than in presens perfekt. Another example is where
the English present perfect But a scan has shown the tumour in Ms Pugh’s
right lung is growing [...] was translated to preteritum in Swedish: Men en
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undersdkning visade att tumdren i Mr Pughs hégra lunga véxer [...]. It is unclear
why preteritum is used here, but one explanation might be that preteritum is
preferred in Swedish in narrative texts (Holm 2010).

Furthermore, our results might be due to genre-specific differences. A
pilot study we carried out on the LinES treebank, which consists to a great
extent of fiction texts, showed that the Swedish presens perfekt was used more
frequently than the English present perfect. In the future, it would therefore
be advantageous to use bigger datasets encompassing various genres to
investigate the distribution of tense-aspect forms in the two languages.

5.4.2  Swedish and Japanese

The Swedish and Japanese results gave a diverse picture of the tense-aspect
systems of the two languages. Judging from our results, the Swedish presens
perfekt mostly overlaps in use with Japanese -ta and -teiru. In our data, both
-ta and -teiru tended to refer to past events, often with a result holding
after the occurrence of the event, and it was in these cases that these forms
corresponded to presens perfekt (examples 10 and 11). However, one use that
presens perfekt had in common with -teiru but not with -ta was to refer to
continuative events starting in the past and persisting up to present time
(example 12).

Based on our data, Japanese -teiru mostly overlaps in use with Swedish
enkelt presens, chiefly when the two forms refer to an event holding at present.
-teiru also overlapped in use with preteritum and presens perfekt when refer-
ring to past events, often with a result holding after the occurrence of the
event. Since both presens perfekt and preteritum can often be used in similar
contexts (Teleman et al. 1999), the occurrence of preteritum was not entirely
unexpected. However, it was surprising that preteritum and presens perfekt
occurred to the same extent, since we expected -teiru to correspond mainly to
Swedish tenses with a present time reference, i.e. presens and presens perfekt.
A possible reason for the unexpected low frequency of presens perfekt might
be that -ta also overlaps in use with presens perfekt (as shown in 5.3.3, cf. also
Toth 2020) when referring to past events with a connection to the present,
and -fa might correspond to presens perfekt more frequently than -teiru in
the corpus. A future investigation on the Swedish correspondences with -ta
would likely shed light on whether this is the case and if this might depend
on semantics, genre, translation issues or other factors.

The unexpected high frequency of preteritum might, on the other hand, be
due to restrictions on how tense is used in a greater context in Swedish and
Japanese. There is a tendency in Swedish to either use so-called presentical
tenses, i.e. presens and presens perfekt or preterital tenses, i.e. preteritum and
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pluskvamperfekt throughout a sequence (Ekerot 2011). In case a text sequence
mainly refers to past events, this could facilitate the use of preteritum through-
out the text, even in cases where presens perfekt could be used. Japanese,
on the other hand, does not have such a tendency, as past and non-past
forms can freely be used throughout a text. Since we do not have access to
contextual information in the PUD corpus we unfortunately cannot check
whether the use of preteritum contra presens perfekt is due to textual factors.

By comparing Swedish, English and Japanese we could demonstrate how
STUnND can be used to investigate the distribution of tense-aspect forms in
languages with fairly similar tense-aspect systems (i.e. Swedish and English)
and languages with fairly different tense-aspect systems (i.e. Swedish and
Japanese). It needs to be kept in mind that both the Swedish and Japanese
texts are translations from English, which likely influences the tense-aspect
forms used. Swedish has a morphosyntax similar to that of English, while
Japanese morphosyntax differs to a greater extent, which might influence
the use of tense-aspect forms depending on how the clauses in the sentence
are structured. Even so, we judged that the texts reflected natural language
use and the use of tense-aspect in our material should reflect the general use
of tense-aspect forms in all three languages.

5.5 Considerations on using STUnD

The tool was useful for finding corresponding tense-aspect forms between
the three languages. However, we encountered issues when Japanese was
included in our search.

One strength turned out to be that we could easily identify all instances of
PresPf in Swedish and English, since the tool can find dependencies between
the auxiliary and supine form in Swedish or the perfect participle in English.
Through TREE queries, the tool could do this even in cases where several
words appeared between the auxiliary and the main verb, as in har kejsarna
ofta omtalats (approximately ‘have the.emperors often been.referred”). The
English query allowed us to find occurrences in Swedish where the supine
form appeared without an auxiliary. As Figure 4 shows, the tool marks the
matching segments and — when possible — their counterpart in the other
treebank. This made the search results easily comprehensible. Thus, based
on our study, the alignment between Swedish and English, as well as form-
based TREE-queries work well in the tool.

While searching for the PresPf in Swedish and English proved easy and
gave us the information we wished to retrieve, as we showed in 5.2, the search
for -teiru in Japanese turned out to be more complicated. As mentioned in
the same section, we had to revise the query for Japanese several times in
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order to get favourable search results. Some difficulties in this sense, such as
homographs making it laborious to look for specific forms through FORM-
based queries, are intrinsic to the language itself. Some others, however, are
related to the exceptionality of the UD annotation guidelines for Japanese,
especially when it comes to tokenization (Guillaume et al. 2024).

One point that pertains to all three languages is that the highlighting
was not always precise: the tool sometimes highlighted whole segments in
bold and not only the corresponding forms, which still required manual
checking. This is due to the very nature of the queries, which always return
(unpruned) subtrees as results, and can be mitigated through the application
of replacement patterns, which were however challenging to formulate and
therefore not used extensively for Japanese. Through the replacement pattern

COMPOSE [FILTER_SUBTREES (UPOS "VERB") (UPOS "AUX"), PRUNE TRUE 1]

the tool highlighted the Swedish presens perfekt and English present perfect
forms correctly in most cases. However, in 8 out of 79 cases from Swedish
to English and 9 out of 87 cases in the opposite direction, the tool did not
highlight any segments in the right-hand-side treebank, even when we used
the aforementioned replacement pattern. The same replacement pattern
was less successful for Japanese. One-lemma forms such as -ta and -ru were
highlighted correctly, while in the case of forms that UD analysis decomposes
as two separate tokens, such as -teiru, the tool also highlighted tokens other
than the verb form corresponding to the Swedish presens perfekt.

In this study, we did not use divergence patterns. In the future, however,
these could be useful in searching for translation divergences found in other
corpora, such as LinES (Ahrenberg 2007, 2015).

6 Other use cases

In Section 5, we have shown how STUnD can be used in the context of a
cross-lingual study. As mentioned earlier, however, the tool can be used in
a variety of contexts, including cases where the parallel corpus of interest
is not multilingual. With the hope to provide inspiration for new STUnD
users, we present two such applications: grammatical error retrieval and
qualitative parser evaluation.

6.1 Grammatical error retrieval

UD is gaining popularity as an annotation standard for learner corpora, with
treebanks already available for second-language (L2) Chinese (Lee, Leung, et
al. 2017), English (Berzak et al. 2016, Kyle et al. 2022), Italian (Di Nuovo et al.
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2022), Korean (Sung & Shin 2024) and Russian (Rozovskaya 2024) and
one under development for Swedish. The main advantage of UD in this
setting is that it allows studying the differences and similarities between
a learner’s first and second language, between different L2s or between
standard and learner language. Moreover, the richness of UD annotation
is usually sufficient for grammatical error retrieval, without the need for
any explicit annotation layer in this sense. This is especially true for L1-L2
treebanks, a type of parallel UD corpus where (L2) learner productions are
contrasted with expert corrections, assumed to be native-like (L1).

In Section 4.4.2 (cf. Figure 12 in particular), we showed how to use
STUnD'’s diff mode to identify errors in one such corpus, the ESL treebank
(Berzak et al. 2016). To complete the picture of how STUnD can be put into
use in learner corpus research, this section will demonstrate how parallel
queries can help retrieve instances of particular error patterns. Since the ESL
treebank lacks morphological tagging, however, we will use VALICO-UD
(Di Nuovo et al. 2022), a parallel treebank of L2 Italian.

First of all, many grammatical errors are easily retrieved via simple
queries, without needing to compare learner productions with their cor-
rected versions. Agreement errors are a good example of this. The query

TREE_
(FEATS_ "Gender=Fem")

[AND [OR [DEPREL_ "det", DEPREL_ "amod"], FEATS_
"Gender=Masc"]]

for instance, matches all subtrees where a feminine token (typically a noun)
is introduced by a masculine determiner or modified by the masculine form
of an adjective (see Figure 13 for an example of application).

In this case, results are no different from what could be obtained by using
any other treebank search tool mentioned in Section 3. Querying parallel L1-
L2 treebanks, however, allows users to write simpler, more general queries,
whilst limiting search results to grammatical errors. If we were to simplify
the query to

TREE_ (FEATS_ "Gender=Fem") [FEATS_ "Gender=Masc"]

with the goal to look for head-dependent gender agreement errors without
specifying the syntactic function of either, the results would include a vast
amount of “false positives”, such as the sentence fragment

nsubj
nmod
case
A O A
DET NOUN ADP DET NOUN
(14) La natura di il parco
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Treebank 1 | Browse... | valico_I2.conllu Treebank 2 (optional) ‘VBrowse... | No file selected.

Query

‘TREE_ (FEATS_ "Gender=Fem") [AND [OR [DEPREL_ "det", DEPREL_ "amod"], FEATS_ "Gender=Masc"]] ‘
Replacement

‘COMPOSE [FILTER_SUBTREES (FEATS_ "Gender=Fem") (AND [OR [DEPREL_ "det", DEPREL_"amod"], FEATS_ "Gender=Masc"]), PRUNE TRUE 1] ‘
Mode ® text O CoNLL-U O tree Options [] diff |Reset || search
9 hits - save: T1 file

leri a il parco , ero camminando in la parte lo piti vuoto di il parco , perche avevo bisogno di solitudine , quando ho visto
1 una cosa strana .

Speravo che lei mi dicesse grazie o mi desse un baccio , invece ha cominciato a gridar mi dicendo che lui era il suo
ragazza e che soltanto stavano discutendo perché lui voleva andare a casa .

L' ho gridato alquini parolace .
Ha cadeto a il terra e sono stato salvatore superbo , ma la ragazza bella é stata avere ce la .
ERA VESTITO IN JEANS CON UN T-SHIRT NERO E SCARPE NERE .

Ma il suo ragazzo non I' ha ascoltato ; ha detto : ' lo sono il tuo ragazzo e non continuerei leggere il giornale mentre un’
uoma strano dimostra quel tipo di il attegiamento .

a & W N

Subito guarda come un altro uomo con grande forza fisica e con malumore porta una ragazza su le sui spalle che grida .
Un' uomo molto forte , intelligente , sportivo e carino mi ha salvato di questo ignorante persona Marco .

© o ~N o

Nascondeva la sua solitudine in le sui abitudini .

Figure 13: Using STUnD to retrieve agreement errors from L2 productions from the
VALICO-UD treebank. In this case, the search is limited to cases where a masculine
determiner or adjective is attached to a feminine nominal.

which matches the query not because of an agreement error, but simply
because the nominal modifier of the feminine noun natura ‘nature’ is a
masculine (parco, ‘park”). The divergence pattern

TREE_ (FEATS_ "Gender=Fem") [FEATS_ "Gender={Fem->Masc}"]

on the other hand, limits the results to the cases in which the gender of
the dependent is masculine in the original learner sentence but has been
corrected to agree with that of its syntactic head in the L1 half of the treebank.
Furthermore, divergence patterns make it possible to identify errors that
would be impossible to locate in a monolingual L2 treebanks. The even
simpler query
FEATS_ "Gender={Fem->Masc}"

for example, finds all instances where a feminine token in the L1 half of the
treebank corresponds to a masculine one in its L2 counterpart, including
cases where the correction involves replacing a correctly inflected but lexi-
cally inappropriate masculine noun with a more fitting feminine one, as well
as sentences where an entire noun phrase is incorrectly inflected for gender
(cf. Figure 14).

6.2 Qualitative parser evaluation and inter-annotator conflict resolution

So far, we have seen how STUnD can be used on parallel multilingual and
L1-L2 treebanks. A third use case is comparing different analyses of the same
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Treebank 1 | Browse... | valico_I2.conllu Treebank 2 (optional) | Browse... | valico_I1.conllu

Query - -

[FEATS_ "Gender={Fem->Masc)" \
Replacement

‘add\t\ona\ replacement rule (optional) ‘
Mode @ text O CoNLL-U O tree Options [ diff | Reset || search
59 hits - save: Tlfile T2file parallelfile

A la fine ha spigato a I' uomo che I' aveva liberata , che |' altra A la fine ha spiegato a I' uomo che [ aveva liberata che I' altra
personna distesa su il terreno era il suo amore e che non gli  persona distesa su il terreno era il suo amore e che non gli

1 aveva chiesto niente . aveva chiesto niente . 1
La dona ringraziava suo salvatore con un braccio e chiusa le La donna ringraziava il suo salvatore con un abbraccio e

2 occhi. chiudeva gli occhi . 2

3 Era una vero momento di benessere . Era un vero momento di benessere . 3

La natura di il parco mi sembra piu verde , i fiori piu aperte ,  La natura di il parco mi sembro pit verde , i fiori pit aperti ,

4 le uccele cantarono . gli uccelli cantarono . 4
La natura di il parco mi sembra piu verde , i fiori piu aperte ,  La natura di il parco mi sembro piu verde , i fiori pit aperti ,

5 le uccele cantarono . gli uccelli cantarono . 5}
La natura di il parco mi sembra piu verde , i fiori piu aperte , La natura di il parco mi sembro piu verde , i fiori pit aperti ,

6 le uccele cantarono . gli uccelli cantarono . 6
Un altra uomo , si trova li , seduto su il un panchino di il parco Un altro uomo si trovava li , seduto su una panchina di il

7 , leggendo un giornale con i suoi occhiali . parco , leggendo un giornale con i suoi occhiali . 7

Hiimmnn Avn Albn favia A maalin maiinaiiliina man la A daviibhar | iaman ~va ~ala favia A malia mainanlana man in mabasia

Figure 14: The divergence pattern FEATS_ "Gender={Fem->Masc}" run on the
VALICO-UD treebank. In many cases, matches are still representative of agreement
errors. Hit number 5, however, shows a case in which the entire noun phrase le uccele
is incorrectly inflected for gender. In the first hit, the two highlighted segments do
not correspond to each other, probably due to an annotation error.

surface text. This can be useful both when evaluating automatic parsers on
a sentence-by-sentence basis, e.g. by comparing two different models, and
when resolving conflicts between human annotators.

In Figures 15-16, an example text in English has been automatically
annotated using two different UDPipe2 models.?® Using STUnD’s diff func-
tionality (cf. Section 4.4.2) in text mode gives us a general overview of how
similar the analyses are (cf. Figure 15). To gain any insight into how the
analyses are different, however, the user needs to switch to either tree or
CoNNL-U mode and look beneath the surface. In tree mode, we can see
that Search, Tool, and Dependencies are assigned the POS tag NOUN on the left
side and the tag PROPN, i.e. proper noun, on the right (cf. hit number 1 in
Figure 16). Some other discrepancies can only be identified by inspecting
the CoNNL-U source. The GUM model, for instance, assigns the word specif-
ically the feature Degree=Pos, which is lacking in the EWT-based analysis.
If these were two competing human annotator analyses in the context of a
treebanking project, conflicts could be resolved by editing one of the files
directly in STUnD.

The example text is the abstract of this chapter and the models used are english-gum-ud-
2.15-241121 and english-ewt-ud-2.15-241121.
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TreebankliBrows .. | ewt.conllu Treebank 2 (optional) | Browse... | gum.conllu

Query

| DEPREL_ "root" \
Replacement

‘add\t'\ona\ replacement rule (optional) ‘

Mode ® text O CoNLL-U O tree Options 2 diff | Reset || search

8 hits - save: Tlfile T2file parallelfile
We introduce STUnD ( Search Tool for Universal We introduce STUnD ( Search Tool for Universal
Dependencies ) , a corpus search tool specifically Dependencies ) , a corpus search tool specifically

1 designed for parallel texts . designed for parallel texts . 1
STUND employs a pattern matching language that STUND employs a pattern matching language that

2 facilitates looking for syntactic structures . facilitates looking for syntactic structures . 2

Search results consist of sentence fragments matching Search results consist of sentence fragments matching
the given query pattern in one half of the corpus paired the given query pattern in one half of the corpus paired

3 with their counterparts in its other half . with their counterparts in its other half . 3
Furthermore , queries can be used to specify divergence Furthermore , queries can be used to specify divergence

4 patterns to be matched in parallel . patterns to be matched in parallel . 4
To achieve this , STUnD leverages Universal To achieve this , STUnD leverages Universal
Dependencies ( UD ), a cross-lingually consistent Dependencies ( UD ), a cross-lingually consistent

5 standard for morphosyntactic annotation . standard for morphosyntactic annotation . 5

Input can consist of pre-annotated UD treebanks or raw  Input can consist of pre-annotated UD treebanks or raw
text , which the tool automatically processes througha  text, which the tool automatically processes through a

6 third - party parser . third - party parser . 6
As demonstrated in the case study included in the As demonstrated in the case study included in the
present chapter . STUND is especiallv well suited for present chapter . STUND is especiallv well suited for

Figure 15: Using diff mode to locate annotation inconsistencies in text mode.

Treebank 1| Browse... | ewt.conllu Treebank 2 (optional) [Browse...‘ gum.conllu

Query

| DEPREL_ "root" \
Replacement

ladd\t\ona\ replacement rule (optional) ‘
Mode O text O CoNLL-U @ tree Options €2 diff \'@ Search
8 hits - save: Tlfile T2file parallelfile

root root

nmod appos nmod

cas punct case

nsubj obj compo
R ! ,; %

punct

/ ccm\mulq

nsubj an

PRON YERB PROPN PUNCT NOUN NOUN  ADP ADJ_ PRON yERB PROPN PUNCT PROPN PROPN ADP  ADJ .
, We introduce  STUND( Search Tool for Univel We introduce  STURD ( Search Tool  for Univers:
root root
obj
det aclrelcl det aclrelcl
nsubj K compound compouTR nst nsubj f compound compouia nsubj
PROPN VERB DET  NOUN NOUN . NOUN PRON PROPN VERB DET  NOUN NOUN ) NOUN PRON  VE
, STunD employs a pattern matching language that STUnDemploys a  pattern matching language that fg

Figure 16: Using diff mode to locate annotation inconsistencies in tree mode.
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Treebank 1 [ Browse... | ewt.conliu Treebank 2 (optional) | Browse... | gum.conllu

Query

|UPOS {"NOUN"->"PROPN"} \
Replacement

‘addmona\ replacement rule (optional) ‘
Mode O text O CoNLL-U @ tree Options [ diff [Reset | search

4 hits - save: Tlfile T2file parallelfile

root root
case case
/ amod : / amod :

ADP ADJ' NOUN . ADP ADJl PROPN )
for Universal Dependencies for Universal Dependencies

root root
punct punct
nmod nmod
punct case punct case

e compom e amod ™\ e compom e amod ™\

PUNCT NOUN NOUN ADP ADJ' NOUN ) PUNC PUNCT PROPN PROPN ADP ADJ_ PROPN . PUNCT
PR¢ Search Tool for Universal Dependencies ) ( Search Tool for Universal ~Dependencies )

root root
punct punct punct punct

PUNCT  NOUN PUNCT PUNCT  PROPN  PUNCT
‘ [T ‘ in A

Figure 17: Using divergence patterns to search for specific types of annotation
inconsistencies.

Finally, we can use divergence patterns to check whether the differences
we have identified are systematic. For example, we can use the following
query to look for all cases where a token is classified as NOUN by one model
and PROPN by the other:

UPOS " {NOUN->PROPN}"

As we can see in Figure 17, there are several occurrences of this phenomenon
in this short text, so we can expect this to be due to inconsistencies in the
way in which the tags are used in the treebanks on which the two models
have been trained.

7 Concluding remarks

We presented STUnD, a search tool that leverages Universal Dependencies
to facilitate the exploration of parallel corpora. At the core of STUnD are two
unique features (1) a query language that allows searching for (diverging)
syntactic structures in a largely language-agnostic fashion and (2) a subtree
alignment algorithm that enables parallel query matching and fine-grained
comparisons between two versions of the same text. In addition, STUnD
distinguishes itself from most other corpus search tools in that it integrates
NLP modules that make it possible to also work on raw text, as well as allow
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for the user to interact with the search results by editing them directly in its
interface (cf. Sections 4.3.3 and 4.4.3) and exported to a variety of formats,
including CoNNL-U itself.

We identified cross-lingual studies as the prime area of application for
STUnD. We therefore put the tool to the test in a trilingual case study (cf.
Section 5), which shed light on its strengths, but also revealed its current
limitations from a user perspective. In particular, the study revealed that
query-matching segments extracted from the tool were often larger than
one would have hoped and that suitable replacement patterns — which are
intended to mitigate this — were challenging to formulate. This, together
with the consideration that only a small subset of the available replacement
patterns are actually necessary to improve the search results (cf. 4.3.3),
prompts us to experiment with automating the refinement step. Queries
themselves were sometimes difficult to express, which encourages us to
resume experiments already initiated on example-based querying (also
referred to as similar example retrieval, cf. Masciolini et al. 2023).

In relation to the use of STUnD on learner corpora (Section 6.1), we
plan to integrate the experimental (error) pattern extraction functionalities
presented in Masciolini et al. (2023) into STUnD'’s user interface. Finally,
STUnD is being tested as a conflict resolution tool in the context of an ongoing
treebanking project and will be further developed to meet the annotators’
needs. More generally, users and potential contributors are encouraged to
follow the development of the tool, report bugs and propose new features.>
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List of abbreviations

Abbreviations used in glosses

ACC
ASP
cor
GEN
NOM
PART

TOP

Other

NLP
POS
UD
PUD

accusative particle

aspectual inflection

copula

genitive particle

nominative particle

particle with various functions
topicalizing particle

Natural Language Processing
Part of Speech

Universal Dependencies
Parallel Universal Dependencies
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CoNNL  Conference on Computational Natural Language Learning

L1 tirst language

L2 second or foreign language
TSV Tab-Separated Values

SVG Scalable Vector Graphics
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