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Abstract
In this paper, we describe an addition to the corpus query system Kontext that enables to enhance the search using syntactic attributes
in addition to the existing features, mainly lemmas and morphological categories. We present the enhancements of the corpus query
system itself, the attributes we use to represent syntactic structures in data, and some examples of querying the syntactically annotated
corpora, such as treebanks in various languages as well as an automatically parsed large corpus.

Keywords: corpus query, treebanks, parsed corpora, syntactic search

1. Introduction

Traditionally, corpus search engines like SketchEngine!,
IMS Corpus Workbench? and other search in a linear rep-
resentation of a sentence as "attributed strings". They dis-
play results of the searches as concordances. In comparison
to that treebank search engines like PML-TQ?(Pajas et al.,
2009) or INESS* or Tundra® allow sophisticated queries for
the tree structures of treebanks and they typically display
results as trees (one at a time). Their query languages are
more expressive, but necessarily also more complicated. In
this paper we present a compromise that we believe can be
useful in many situations: adding limited capabilities for
syntactic search to the corpus search engine Kontext® with
its CQL language and adding display of syntactic trees of
sentences to the concordance view of the search results in
Kontext.

In the LINDAT/CLARIN centre’ we use the Kontext search
engine as our main tool to allow search in our corpora, with
a long-term goal to provide search for all the corpora avail-
able in the LINDAT/CLARIN repository®.

We also provide a specialised treebank search tool PML
Tree Query (PML-TQ) and currently about 70 treebanks
are available for search there. However PML-TQ as well as
other similar tools do not display concordances, they can-
not efficiently process parsed corpora orders of magnitude
larger than manually created treebanks and so on. For these
reasons we believe that adding syntactic search, even if lim-
ited, and display of syntactic trees to Kontext may provide
useful complement to the PML-TQ functionality not only
for large datasets, but also for treebanks like Prague Depen-
dency Treebank (Bejcek et al., 2013), HamleDT (Zeman et
al., 2015) or Universal Dependencies (Nivre et al., 2015),

"http://sketchengine.co.uk
http://cwb.sourceforge.net
Shttp://hdl.handle.net/11858/
00-097C-0000-0022-C7F6-3
*http://iness.uib.no
Shttp://weblicht.sfs.uni-tuebingen.de/
Tundra/
*https://github.com/czcorpus/kontext
"http://lindat.cz
$https://lindat .mff.cuni.cz/repository/

for which it provides complementary interface and abilities.

2. Lindat corpora

In Lindat repository, there are 648 items of the type "cor-
pus”, but most of them does not contain files, just a metain-
formation. We feature 88 items that contain corpora, and
our main aim is to load all of them to KonText with the ex-
ception of those that are already available in the Czech Na-
tional Corpus via the same search engine. We plan to parse
the corpora that do not have syntactic annotation in case
we have the sufficient tools. We have a parser for Czech
(will be described later), for English and for some other
languages. As soon, as the parsers for different languages
will be trained on the UD corpora’, we will be able to parse
texts in many more languages. So far we have parsed only
one corpus of Czech, see Section 4.2.. Other syntactically
annotated corpora from the repository have been annotated
by the authors of the resources.

Currently, in KonText, there are 42 corpora annotated on
the syntactic level, 13 of them belong to HamleDT Multi-
lingual treebank and 21 — to the UD.

3. KonText Ul and syntactic information

KonText (Machalek and Kien, 2013) started as a fork of the
Bonito 2.68 python web interface'? to the corpus manage-
ment tool Manatee (Rychly, 2000). It is developed by the
Institute of the Czech National Corpus (http://ucnk.
ff.cuni.cz/)andis widely used by linguists for query-
ing monolingual, parallel and speech corpora mainly for
Czech language or with regard to the Czech language in
case of parallel data. We adopted this interface for querying
corpora from the Lindat repository (http://lindat.
mff.cuni.cz/services/kontext).

The concordance that matches the query is then displayed
line by line, with KWIC (key word in kontext) colored in
red. For registered users, there is a possibility to show at-
tributes of either KWIC, or in the whole text, via "View

°See project page
udpipe

1Also known as NoSke — https://nlp.fi.muni.cz/
trac/noske

https://ufal.mff.cuni.cz/
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Query Subcorpora | Save C Filter Freq y

N text

2] a
Hits: 52 | i.p.m. :79.69 (related to the whole Prague Dependency Treebank 3.0 - Czech) | ARF :32 | Result is shuffled 1

do tajné spisovny FS . " Kdybych to nevidél na
Jjednotlivych politiki - vysvétlil Pattir tim , Ze dostal naprosto
i fada polopravd a IZi - ty chceme uvést na

vlastnf syiastni/AAFPA----1
volnou fyolny/AAFS4----1
pravou /pravy/AAFS4----1

nam promitli na videu chovani svych fanouskd , naskogila mi husl /husi/AAFS1--—-1
( opét ani nepotvrzené , ani nevyvracené ) ma na spravnou /Spravny/AAFS4---1
nacistdm, tak patronem kolaborace . Uvadét tradice " na

du se zdanlivé zanedbatelna jednani konkurence dostava do  JIN€NO /jing/AANS 2----1A----/Atr/DPHR SVELIA /cyitio/NNNS2---
Aew--/Atr/DPHR NONY /noha/NNFP4
A-—--IAtr/DPHR KOZ€ /ii7e/NNFS1---—-A---/Sb/DPHR
pofad /poFad/NNIS4----A----/Adv/DPHR M€ /den/NNIS2-----A----/Atr/DPHR
A---IAtr/DPHR VANU fyshasNNFs4.
A----/EXD/DPHR M /ten/PDZS7-
JAuXY/DPHR taK /tai/Db---
-/Adv/DPHR Padnl /padnout/vi-
-/0bj/DPHR d&lat /gsiat/v.--
1A---/Atr/DPHR KUZ! /k(i7e/NNFS4-----A----/Adv/DPHR
LYY § C— /AUXY/DPHR 10 /to/TT.

déti, které cht&ji pomoci svym nemocnym vrstevnikim ™ na  vlastnf ;yjastni/AAFP4-

husf /husi/AAFS1---1

pfihlizet vyjeviim , z nich by i Cachtické pani naskakovala
yezprostfedni pfitinou toho , Ze potraty a konkordat pfisly na
svou zodpovédnost a to , Ze neberou véc Evropy na
inovator uZ tataZ osoba . Inovace se postupné stava &im

lehkou jienky/AAFsa-
dél ydaleko/Dg-
Jako jjakol,
komu /kdorpKm
€O Jco/PQ--
viastni yylastni/AAFS4

Moravéika viak vyplyva , Ze specialni vyroba by se tak

spise kriticky pohled cirkve na sebe samu : padni,

¢i jestli to odpovida . Poplatek nema v nadich pomérech
edocenén , pfestoze Cesti akcionafi uZ jeji disledky pocitili na

prece - si v MDF uvédomili, Ze kdo je

KWIC/Sentence ‘ Attributes, structures and references... ‘ General concordance view options...

A----/Atr/DPHR Ol /0ko/NNFP4-----A----/AdV/DPHR
A----/Atr/DPHR TUKU /ruka/NNFS4----- -A----/Ob}/DPHR
A----/Atr/DPHR MU /mira/NNFS4-----A----/Adv/DPHR
& krize dosavadnimi prostfedky visi nad stfedni Evropou jako DamokI&V /pamokles/AUIS T M-------- /Atr/DPHR Met /me&/NNIS1
A----JAtr/DPHR KOZ€ /ki7e/NNFS1 - A----/Sb/DPHR
A-ee-/Atr/DPHR MITU 7 (ra/NNFS4-----A----/Adv/DPHR UVEst valnd hromada 7 . zéfi . Do onoho magického
Pravou /prayy/AAFS4----1A-—-/Att/DPHR MITU /m{ra/NNFS4-----A----/Adv/DPHR
ed . A¢koli produktivita evropskych dolli stale stoupa , nejsou 7Y)  po— /Pnom/DPHR O /tofTT-remeemenvy JAUXY/DPHR

View options  Help Prague Dependency Treebank 3.0 - Czech
852,542 positions B
download: hitp:/hdl.handle.net/11858/00-097C-0000-0023-1AAF-3

treebank: https:/lindat.mff.cuni.cz/services/pmita/pdt30/

2 ppy
, tak bych tomu nev&Fil, " ekl . Solc

, aby predstavil pokud moZno v3e . Riznost politickych postojd

, Fikd autorka vystavy Milena Secka . Sougasti expozice je

-A----/EXD/DPHR - Proto se konala i rychla navitéva madarského premiéra Gyuly
. Nemohli bychom zarucit bezpecnost na stadionu , zato na

" jejich poméFovéanim s néjakou prisné objektivni historickou skuteg
konkurovat levnému uhli ze z&mofi . S tim kontrastuje skute¢nost
---JAdV/DPHR - KdyZ o nékom Fekneme , Ze je zlodgj,

----/Adv/DPHR " - Kreslivano&ni pozdravy , které siv Norsku

. Vodka v laboratofi Praha ( sob ) - Stopy

, byly €ervnové komunalni volby . Viidcové levice totiz kalkulovali
. Tim , Ze Maastricht " proel ", Evropantim

vic zaleZitosti zaméstnancti a manazeri , ne - li jen

---/Adv/DPHR
--/Adv/DPHR
Adv/DPHR
-A----/Ob}/DPHR
-A----/Ob}/DPHR

ocitla ve stejné situaci . At se Vaclav Havel svym

. V" kauze katedréla " mohu s radosti fici

, protoZe podle Listiny zakladnich prav a svobod mé pacient
. Do budoucna se budeme muset smifit s tim ,

............. /Pnom/DPHR udriovat konstruktivnf styky se slovenskou vladou , ten takiikajic "

Figure 1: Concordance with displayed attributes for KWIC: word, lemma, tag, afun and functor.

options" button. In Figure 3., the concordance lines with
lemma, tag and functor (deep syntactic relation) attributes
are displayed.

3.1.

For syntactically annotated corpora from the Lindat repos-
itory, we introduced additional attributes of a word (node)
reflecting syntactic information. This information comes
from a dependency tree'!. In addition to the original search
options used in KonText — form, lemma and tag — we intro-
duced the following attributes:

Syntactic attributes

e attribute deprel — dependency relation (or afun - an-
alytical function for corpora annotated in PDT style)
which presents syntactic function of a word in a sen-
tence;

e parent attributes. For each word, we added the four
mentioned attributes for the parent of a node (p_form,
p_lemma, p_tag and p_deprel);

e attribute parent specifying position of a parent with
the respect to the node, e.g. [parent="-5"] means that
the parent of a node stands 5 words to the left, whereas
[parent="+3"] means the position three nodes to the
right.!?

e eparent attributes. Effective parent (eparent) is a spe-
cial notation in the Prague Dependency theory when
some non-dependency edges, such as coordinations or
appositions, are skipped. For example, according to
the PDT style, the conjunction is a parent of coordina-
tion members, but the ‘true’ parent is a node above the

"'We do not work with constituency trees, they should be pro-
cessed in a different manner.

It is necessary to escape the plus sign as it is evaluated as a
regular expression. So the query for a parent that stands to the
right will be "\+.*"

conjunction. For the Universal Dependency style, in-
formation related to eparent is not needed, because co-
ordinating conjunctions are ‘sisters’ to the coordinated
members and do not have to be skipped. The attributes
that we consider in Prague-like annotation style are
eparent, ep_form, ep_lemma, ep_tag, ep_afun.

3.2. Treex View

In addition to the default ’linear’ representation of concor-
dance, we adopted the functionality from PML-TQthat vi-
sualizes a tree and provides the information on the attributes
of each node in the tree - Treex View'? . Technically, a
tree is generated from JSON file using Javascript library js-
treex-view onsite.

An icon to display a tree is attached to each line of a con-
cordance, the tree is visualized in PML-TQ format. When
anode in a tree is being clicked, the attributes of this node
are displayed, see the Figure 3.2.

So far, the functionality to view trees is enabled for some
corpora, but we plan cover all syntactically annotated cor-
pora from Lindat.

4. Examples of queries in syntactically
annotated corpora

In this section, we will show the examples of querying for
syntactic attributes in the three syntactically annotated cor-
pora - Universal Dependencies, Web corpus of Czech and
Prague Dependency Treebank. The queries are just illustra-
tive and do not present any meaningful linguistic research.

4.1. Querying UD

Universal Dependencies (Nivre et al., 2015) is a project
that provides the unified annotation for treebanks in 38 lan-
guages. The annotation scheme is based on Stanford depen-
dencies (query attribute deprel), Google universal part-of-
speech tags (attribute pos) and the Interset interlingua for

Bhttps://github.com/ufal/js-treex—view/
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Figure 2: Concordance lines and tree visualization

morphosyntactic tagsets (attribute ufeat). In order to make
some experiments in comparative linguistics, we compiled
the joint treebank - 5,000 first sentences for each language
from UD'*. There is no sense in searching for some lexical
issues, but the grammar attributes can be used to compare
certain linguistic phenomena in several languages. The fre-
quency distribution in the languages can be viewed with the
function Frequency->Doc IDs (the user should be logged in
to access this function), where Doc ID stand for a concrete
language.

Following are some examples of queries over concrete UD
treebanks.

Position of adjectives in the Romance languages. In the
Romance languages, adjectives are generally placed after
the noun they modify. Suppose, we want to know which
adjectives precede the noun. Let us take as an example the
French treebank. We put a query for tokens with part-of-
speech (POS) value as ADJ, with a parent POS as NOUN
that stands on the right from the adjective:

[pos="ADJ" & p_pos="NOUN" & parent="+.%"]

Then, we can make frequency analysis based on this con-
cordance. The option ‘Frequency->Node forms’ (available
for logged-in users) will show the list of adjectives that
are used most frequently in preposition to the noun (autres
— ‘others’, premier(e) — ‘first’, méme — ‘same, similar’,
grand(e) — ‘big’ etc.).

The same query can be tested on other treebanks from
the Latin group - Spanish or Italian - with similar results.
Also, using the join treebank, we can see the frequency
of the construction where adjective stands after the noun
in various languages. The query for this construction will
be slightly modified: we will search for the adjectives

14If there was more than one treebank for a language, we have
chosen only one, like in case of Latin or Finnish

for which the parent noun stands on the left (order noun-
adjective):

If we execute on this mixed treebank the slightly modi-
fied query as for French [pos="ADJ" & p_pos="NOUN" &
parent="-.*"]], we will get many lines in various languages,
which could be sorted according to the Doc ID (option
Frequency->DocIDs). This will give the frequency dis-
tribution of postnominal adjective construction in several
languages, see Figure 4.1. It is evident that Romance lan-
guages got the highest score, with Slavic and Germanic in
the middle, and Finno-Ugric in the end.

Total: 29 (1 pages)

doc.id Freq lLp.m.
1. p/n Spanish 4520 339505 (N
2. p/in French 3981 326254 (NN
3. p/n Poriuguese 3804 295564 (N
4. p/ ftalian 3,245 307364 I——
5. p/ Indonesian 2374 243410 EE—
6. p/n Basque 1823 27507.0 o——
7. pl Polish 1,208 235795 Se———
8 Ancient Greek 1,197 156914 =——————
8. p/ Old Church Slavonic 1,040 22578.3 =———————————
10. p/ Latin 221 243528  —
1. pf Czech 516 66278 —
12. p/ Irish 501 299982 —MmM8M8™ ™ ™ ™™
13. p/ Romanian 485 52201.1
14, p/ Croafian 441 55852 ——
15. pf Gothic 414 92572 ———
16. p/ Slovenian 294 33590 —
17. p/ Danish 226 25399 —
18. p/ Swedish 224 3361.1 —
19. p/n  Norwegian 219 26600 —
20. p/n  Bulgarian 195 31047
2. pf English 161 21089 —
22. pl Greek 154 324586 —

Figure 3: Distribution of languages with adjective postpo-
sition.

2864


https://lindat.mff.cuni.cz/services/kontext/run.cgi/first?shuffle=1&reload=1&corpname=ud_en_a
http://hdl.handle.net/11346/KONTEXT-FR-PAVV
http://hdl.handle.net/11346/KONTEXTNOUNADJ-D6RQ
http://hdl.handle.net/11346/KONTEXTNOUNADJ-D6RQ

Word order Another query example concerns the word or-
der. Let us examine the position of a subject and a direct
object in relation to a predicate. The following query will
find sentences with SVO order — where the predicate (root)
expressed by a verb is placed on the right of a subject — subj
and on the left of a direct object -dobj, provided that both
subj and dobj are nouns. There is a number of words in
between the arguments, that are not conjunction or punctu-
ation:!>

[deprel="nsubj" & pos="NOUN" & p_pos="VERB" & p_deprel=
"root" & parent="+.*"] [deprel!="conjlcc"]* [deprel="dob]" &
pos="NOUN" & p_deprel="root"& p_pos="VERB"&parent="-
¥ within <s/>

By modifying the query above to SOV, VOS and other per-
mutations, we calculated the number of sentences in lan-
guages matching the certain pattern and clustered them ac-
cording to the language groups, see Table 1.

[Tang [ SVO [ SOV [ VSO [ VOS [ OVS [ OSV |

hr 408 3 0 0 33 2
bg 296 1 2 4 22 1
cz 235 18 50 17 91 9
pl 683 19 28 25 185 30
sl 257 40 12 10 52 6
ch.sl 30 9 13 4 1 1
no 206 0 33 0 0 1
da 181 0 27 1 5 2
en 98 0 0 0 0 0
SW 319 0 61 0 8 5
du 155 1 32 1 125 0
de 157 49 66 0 7 3
got 23 70 11 3 4 1
fr 363 0 0 0 0 0
pt 249 0 0 8 3 0
es 333 0 0 4 3 0
it 285 0 0 5 2 0
ro 38 0 0 2 3 1
lat 30 0 21 19 14 29

Table 1: Surface word order in several language families in
simple sentences (5,000 sentences from each treebank)

The table above should be taken with precaution, because
some peculiarities in annotation schema could have led to
false positives. However, the table proves the known fact
that Slavic languages (especially Czech, Polish and Slove-
nian) have a relatively free word order in this specific case
whereas Romance languages do not allow so many permu-
tations of arguments.

On this example, we can see that introducing syntactic at-
tributes enlarges our search options in comparison with just
morphological search (lemmas and tags). On the other side,
here we face the limitation of the CQL, as we can not spec-
ify the borders of the segment (clause) to search for a con-
crete word order pattern. Instead, we use some way around
to specify there are no clause borders like punctuation in be-
tween the main constituents. Query in PML-TQ can deliver

5That is done to avoid greediness of the regular expression
which can match words from other clauses.

more accurate results as it supports the multi-layer search
and allows us to select the clause in which we can search
for a pattern.

4.2. Syntactically annotated Czech corpus CWC

One of the goals of Lindat-kontext project is to parse all the
corpora from the Lindar repository that do not have syntac-
tic annotation. Within the modular framework treex'®, we
created the pipeline for parsing plain text corpora that in-
cludes pre- and post-processing, tagging with MorphoDiTa
tagger(Straka and Strakovd, 2014) and parsing with MST
parser'”. Here, we describe a corpus that was processed in
this ways — a large Web corpus of Czech — CWC (Spous-
tova and Spousta, 2011) with more than 627 million words.
The attributes for the search are: form, lemma, tag and afun
(analytical, or syntactic function, analogous to deprel) for
a node, the respective attributes for a parent and an eparent
are: ((e)p_form, (e)p_lemma, (e)p_tag, (e)p_afun). Next
is the example of how we can search the corpus exploiting
syntactic information. Nouns in subject position that are
coordinated and that follow a verb might be found by the
following query:

[tag="Vp.*"][p_afun="Coord" & ( (tag="NNE.*" & afun="Sb" )|
tag="NNM.*" & afun="Sb")]

So far we have automatically parsed only one corpus, and
we plan to parse all the corpora from Lindat that do not
contain syntactic annotation.

4.3. Querying Prague Dependency Treebank in
a linear manner

Prague Dependency Treebank (Bejcek et al., 2013) was de-
veloped based on the Functional Grammar Description the-
ory — FGD, it is annotated on several language layers, most
important for us here are morphological, analytical (shal-
low syntactic) and tectogrammatical (deep syntactic) lay-
ers. We had to choose which information from PDT should
be included in KonText search. First, PDT was search-
able only for form, lemma, tag and afun (analytical func-
tion, e.g. Subject, Object, Predicate etc.) attributes. Then,
we expanded the possibilities of the search so that we can
look for the same attributes from morphological and syntac-
tic layer as for the corpus CWC. The advantage of having
PDT available via KonText, is that linguists familiar with
CQL language can browse this corpus without knowledge
of more complicated PML-TQ.

In addition to analytical layer, we also added some at-
tributes from the tectogrammatical layer, but this can be
disputable. First of all, on the tectogrammatical layer, the
auxiliary nodes are collapsed, and some other nodes (like
dropped personal pronouns) appear. This does not fit into
KonText system because this query tool is more about ’sur-
face’ representation of a sentence. However, we added the
following attributes to the node that can bring some addi-
tional value while querying corpora: t_lemma (lexical value
of a word), functor (more semanticalized value of a syntac-
tic relation - afun), grammatemes (semanticalized variants
of morphological features), tfa — topic-focus articulation
attributes (concern informational structure of a sentence),

Yhttp://ufal.mff.cuni.cz/treex
"http://hdl.handle.net/11234/1-1480
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http://ufal.mff.cuni.cz/treex
http://hdl.handle.net/11234/1-1480

sempos (semantic part of speech), and some attributes con-
cerning coreference and discourse. Next, we will give some
examples of the queries with tectogrammatical attributes.
Let us study a relationship between tfa values and the func-
tors. The topic of a sentence — what is being talked about
— can be searched via the query [tfa="t"] . After forming a
concordance, we calculated the frequency distribution of
functor values for the found topics. The most frequent
was ACT (Actor), following were PAT (Patient) and RSTR
(functor for free modification). As for the ’focus’ words
(the new information in the sentence), the frequency dis-
tribution of their functor attribute was a bit different. The
most frequent was RSTR, then PAT and the third was PRED
(Predicate), whereas in the topic position the PRED functor
was not that frequent - only on the thirteenth position.

As for the attributes belonging to mostly extra-sentential
level, like coreference or discourse, the possibilities of Kon-
Text are rather limited. It is impossible to reference be-
tween the nodes that stand far away from each other, some-
times not even in the neighbouring sentences. We added
only several attributes that might be of some use, but gen-
erally it is better to use more appropriate corpus search en-
gines like PML-TQ. So far, we can determine the type of
discourse relation (query [discourse_type="reason"]) and
make the frequency distribution of the most frequent lem-
mas (byt — ‘to be’, protoZe — ‘because’, Ze — ‘that’ and func-
tors (CAUS, PRED, CONJ) for this query.

Introduction of attributes from analytical and tectogram-
matical layers into KonText will not substitute all the func-
tions of PML-TQ, but will enlarge the possibilities of a lin-
ear search.

5. Conclusion and Future work

We have presented a small modification that allows Kon-
Text to query syntactically annotated corpora and display
syntactic trees of the sentences in the results of queries. The
expressive power of CQL query language is limited in com-
parison with full treebank search engines, but the query lan-
guage is simpler and unlike most treebank search engines,
Kontext can query efficiently even very large parsed cor-
pora.

Because of its relative simplicity and also for the conve-
nience of the concordance form of displayed results, we see
Kontext also as a meaningful tool for searching treebanks,
in addition to the more traditional treebank search tools.
Presently, we plan to parse all the corpora in the LINDAT
repository that have no syntactic annotation (if we have a
parser available for their language) and make them avail-
able for search in Kontext in this enhanced form.
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