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Araneum Uzbecicum: A Gigaword Web-Crawled
Uzbek Corpus

Vladimir Benko
L. Stir Institute of Linguistics
Slovak Academy of Sciences
Batislava, Slovkia
vladimir.benko@juls.savba.sk

Abstract— We want to introduce a Project of creation of a
web-crawled Uzbek corpus. The main steps related to data
capture, pre-processing, tokenization, deduplication, PoS
tagging and lemmatization are discussed, and some query
examples are shown. This article analyzes the problems in the
process of creating and lemmatization the corpus of Araneum
Uzbecicum. We also show word embeddings created from the
Uzbek data. The Word embeddings function serves as a useful
tool for researching the semantic relations in the Uzbek
language, word context and valence. Also, the paradigm created
by the Word embeddings function helps to perfect dictionaries.

Keywords—Uzbek language, web-crawled corpus, PoS
tagging and lemmatization, word embeddings

1. INTRODUCTION

After Tatar and Kazakh, Uzbek is the third Turkic
language in our corpus. Spoken by approx. 33 million of L1
or L2 speakers in Uzbekistan and several of its neighboring
countries, and also being “sufficiently represented” in the
Internet, the language is a suitable target for creation of a web-
crawled corpus.

In our paper, we would like to introduce a Project aimed
at creation of a Gigaword Uzbek corpus that would contain
texts in both scripts currently used in Uzbekistan, i.e.,
modified Latin and modified Cyrillic, respectively. The
corpus data is PoS tagged and lemmatized by Apertium,
processed by the NoSketch Engine corpus manager and made
available at our web-corpora portal'.

II. RELATED WORK

In recent years, building web corpora has become a well-
established part of linguistics. The Web, teeming as it is with
language data, of all manner of varieties and languages, in vast
quantities and freely available, is a fabulous linguists’
playground. This special issue of Computational Linguistics
explores ways in which this dream is being explored.

The use of web corpora in linguistic research has become
widespread, so the problem of using web corpora in linguistic
research has been studied in depth.

The problems of creating a web corpus using the BootCaT
tool for low-resource languages were studied and clear results
were obtained.

Several corpora of Turkish languages were developed on
the Sketch Engine platform.

! http://aranea.juls.savba.sk/guest/index.html
2 https://www.sketchengine.eu/uzwac-uzbek-corpus/
3 https://uzschoolcorpara.uz/
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“uzb_community 2017 is an Uzbek community corpus
based on material from 2017. It contains 663,119 sentences
and 9,256,001 tokens 2.

The initial efforts to develop the Uzbek language corpus
commenced in Uzbekistan in 2018. While there have been
some theoretical articles on the construction of the Uzbek
language corpus, the practical developments on the corpus
have become more prevalent by 2018. A bibliometric analysis
based on Scopus was conducted on corpus linguistics for the
period spanning 2017 to 2021 [41]. There is some work about
creating a morphological and syntactic tagged corpus for the
Uzbek language. Several studies have been conducted on the
processing of corpus texts in the Uzbek language [44], [45].

Additionally, several other corpora have been created for
the Uzbek language. In particular, the “Educational corpus of
the Uzbek language™® within the project of the Tashkent State
University of Uzbek Language and Literature, the “Uzbek
language corpus”*; based on the project of the National
University of Uzbekistan, the “National corpus of the Uzbek
language”. “Alisher Navoi authorship corpus” > and the
“Diachronic corpus of Uzbek-English newspapers” ® were
developed by independent researchers, are available for free
use. Software for the national corpus of the Uzbek language
was developed.

Furthermore, it is worth noting the contributions of
researchers who have undertaken studies on specific types of
corpora. These include articles on the development of the
Uzbek author's corpus, the Uzbek-English parallel corpus,
Uzbek-Russian parallel corpus and the diachronic corpus of
the Uzbek language. There is research in the field of author
lexicography and the relationship between author corpora
(Anonymous). An algorithm for creating a parallel corpus of
the Uzbek and Russian languages was. The theoretical
foundations of the Uzbek-English parallel corpus have been
developed [42], [43]. A scientific study of the open Uzbek
speech corpus and preliminary experiments on speech
recognition were conducted.

III. DATA FOR THE NEW CORPUS

During the last decade, the methodology and tools for
compilation web-crawled corpora has been effectively
standardized. In our Project, we were using a collection of
tools usually referred to as “Brno Pipeline” available under a

4 https://uzbekcorpus.uz/
5 https://alishernavoiykorpusi.uz/
¢ https://mediatextcorpus.com/
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FLOSS license’ . Its main component is SpiderLing?, a web
crawler optimized for downloading textual data. In its latest
Version 2.2, it represents a mature, effective and stable tool
that is able to get (within our technical infrastructure) as much
as two Gigaword of plain text within 24 hours of crawling.
The tool also includes a character encoding identification
utility; a language detection module that is using samples of
texts for the languages to be recognized provided by the user
to build the respective language models using character
trigram frequencies; and a boilerplate identification and
removal tool .. All the processes work smoothly on the fly,
outputting a reasonably clean plain text with only light XML
markup encoding some metadata at the document and
paragraph level.

To initialize the process, SpiderLing needs a list of seed
URLs that are used in the first round of crawling. In our case,
the seed list of approx. 2,000 URLs has been obtained by
means of the WebBootCat functionality accessible at the
Sketch Engine Portal.

The actual crawling was performed during two separate
sessions, in December 2020, and March 2024, respectively.
The seed URLSs for the second one was obtained from the data
already downloaded during the first session — the last 100,000
URLSs were used, expecting that some of the addresses might
meanwhile have changed the contents of the respective web
pages, or could be removed during deduplication.

IV. PRE-TOKENIZATION PROCESSING

Though the language identification procedure of
SpiderLing works reliably for most languages, it is often not
able to discriminate between very close languages using the
same script. We therefore perform a secondary language
filtering based on character frequencies, making use of the fact
that some characters are unique for a particular language. This
was also the case of Uzbek that is using the x, k, ¥, and F in
the Cyrillic script, and o°, g* and ° characters or character
combinations in the Latin script. The respective thresholds for
filtration were established experimentally.

Other filters detect potential mojibake encoding problems
appearing as “‘artifacts” such as suba€TMektlarini or
0Af¢€TMtgan in the texts — documents with too many
suspicious character sequences are identified by means of a
series of regular expressions and removed.

V. TOKENIZATION

For various reasons, we perform tokenization as a separate
processing step, even in situations when the tagger would
prefer to do it as a part of the tagging process. Here again, one
of the “Brno” tools is used — Unitok ., the universal tokenizer
is a Python program using a custom-modified parameter file
containing regular expressions for language-specific period-
final abbreviations, ordinal numbers, etc. The initial list of
Uzbek abbreviations (both in Latin and Cyrillic) presently
contains just approx. two dozen items — we hope, however, to
be able to expand it after analyzing the processed corpus.

VI. DATA NORMALIZATION

Now it is necessary to mention one of the peculiarities of
the Uzbek language — the simultaneous use of two different
scripts, with the speakers being proficient in both of them.
This situation is similar to that of the Serbian language, but

7 https://corpus.tools/

unlike in Serbia (and Bosnia and Herzegovina), where the
digraphia is a result of centuries long development and any of
the scripts are widely accepted in almost all situations, official
and unofficial, , the de facto digraphia in Uzbekistan is a result
of partially unsuccessful transition from Cyrillic to Latin
script in early 1990s. According to our observation, the
amount of texts in Internet in either of the scripts is about
equal, with many websites, including those belonging to
government organizations, private companies, or even the
Uzbek Wikipedia, provide two versions of their web pages.

We have decided, on one hand, to retain the information
on the respective script in our corpus, as we consider it to be
an interesting sociolinguistic parameter, and on the other hand
to provide transliterated version of all texts, so that users could
easily query the corpus. Moreover, this is also necessary as the
PoS tagger used expects its input in Latin script.

The other issue is the presence of the “modified letter
turned comma” (U+02BB) and “modified letter apostrophe”
(U+02BC) characters in the Latin script. Since these
characters are absent from most keyboard layouts, they are
often replaced by similar ones, such as “left single quotation
mark” (U+0218), “apostrophe” (U+0027), or “right single
quotation mark” (U+0219), or oven other similarly looking
characters, such as an acute or grave accent. As the PoS tagger
expects the text to contain canonical forms of these characters
only, all these irregularities have to be normalized before
further processing.

VII. DEDUPLICATION

Web-crawled texts are known to contain a large proportion
of duplicate contents at different levels. We have adopted a
two-step approach: (partial) duplicates at the document level
are removed and not passed to further processing, while
paragraph and sentence level deduplication is provided, if
required, at the very end of the processing only.

For the document-level deduplication we use a tool called
Onion working on the principle of comparing word n-grams
from the document processed with those encountered in all
previous documents. A document is considered (partially)
duplicate if it contains certain proportion of n-grams already
seen. Both values, i.e., the length of n-grams to compare and
the similarity level is set by the user — we work with 5-grams
and 90% threshold as discussed in [45].

VIII.POS TAGGING AND LEMMATIZATION

Uzbek unfortunately does not belong to languages with a
language model available for the “traditional” multilingual
taggers, such as TreeTagger], or at least a lemmatizer like
CSTlemma, though we hope the situation might improve in
the future.

The baseline morpho-syntactic annotation has been
performed by Apertium, that is in fact machine translation
tool, yet its morphological module can be used separately for
morpho-syntactic annotation. Its main deficiency, for most
languages where a language model is available, is a rather
small size of the respective morphological lexicon and a
limited disambiguation procedure. It is also not able to guess
lemmas and/or PoS tags for the out-of-dictionary (OOV)
lexical items.

8 https://corpus.tools/wiki/SpiderLing
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Another problem of using Apertium as a tagger is its
“attitude” to data already tokenized. Being a machine
translation tool, its lexicon can also contain multi-word
expressions than are to be translated as whole units. If such a
multi-word unit is encountered in the text, the system decides
that a new token to be added, i.e., spoiling the original
tokenization that is expected by the overall processing, e.g., to
be able to merge the Cyrillic and Latin data. As the Apertiun
morphological lexicon is available in a readable form, we have
decided to delete all multi-word expressions from it during
this initial phase of our Project.

The respective processing steps of tokenization,
normalization, PoS tagging and lemmatization are shown in
Fig. 1to 4.

<s>
fIHrn

cTpaTervaHu
aBrycrt

onura

Kandap

TowkeHT

waxpu

MUKECKuaa
TacAUKNAHMWK
pexanawTMpunmMokaa
<g/>

</s>
Fig. 1. Tokenized sentence in original Cyrillic Script

<>
Yangi
strategiyani
avgust

oyiga

gadar

Toshkent

shahri

migyosida
tasdiqlanishi
rejalashtirilmoqda
<>

<>
Fig. 2. Normalized (Romanized) and filtered sentence to be sent as input for
Apertium

<>
AYangi/yangi<n><nom>$
Astrategiyani/strategiya<n><acc>$
~avgust/*avgust$
~oyiga/oy<n><px3sp><dat>$
~gadar/qadar<post>$
~Toshkent/Toshkent<np><top><nom>$
~shahri/shahr<n><px3sp><nom>$
~migesida/ miqyos<n><px3sp><loc>$
~tasdiglanishi/tasdiglan<v><iv>
<ger_abst><px3sp><nom>$
~rejalashtirilmoqda/rejalashtir<v><tv>
<pass><prog_inf><p3><pl>$
<>
AL/ .<sent>$
<>

Fig. 3. Sentence tagged by Apertium in its internal format

TABLE I. FULLY POS TAGGED AND LEMMATIZED SENTENCE

Word nword lemma atag tag ztag
<s>

AHrN Yangi yangi Nn n:nom 1
cTpaTerusaHun strategiyani strategiya Nn n:acc 1
aBrycrt avgust avgust Yy * (2]
oitnra oyiga oy Nn n:px3sp:dat 1
Kazap gadar gadar Pp post 1
TowkeHT Toshkent Toshkent Nn np:top:nom 1
waxpu shahri shahr Nn n:px3sp:nom 1
MUKEcuaa miqyosida migyos Nn n:px3sp:loc 1
TacAMKNaHWWK tasdiqlanishi tasdiqglan Vb v:iv:ger_abst:px3sp:nom 1
pexanawtupunmokaa rejalashtirilmogda rejalashtir Vb v:tv:pass:prog_inf:p3:pl 1
<g/>

. Zz sent 1
</s>

Query Toshkent 36,801 (204.40 per million) €

First | Previous Page 1840 of 1,841 Go | Mext | Last
orodlik.mo...
demokrat.u...
Ll HNTHS

toshkentpo...
dunyourbek...

0 Xnlinguaapra K, VST cobuE 3pH Xas

. Mocxsa aKm Gnas Tacmunas 14:57 12 {  Tomkeny  Bakm Giaan 16:57) “yse-25" Giaan aaoka

Ot BTN TOIKILTION MACRTATAPEI X7 STHL
. Ular uchun Xalg tolimi vazirhigi tomonidan - Toshkent viloyatida 7 Maktabgacha ta’lim vazirigi

"V map vaanne.. Van Xarepaonma |, Tomsewrs | sonemnarzaa  Hanomit sa Castaprue EIEAAP AL

Fowmcewr  JlienaosinTie YRR P I TETIHNe cobity

lomkewt  nILIoATH Jpram Il'{'l.'ﬂl"ﬂﬂllﬁ- SOEHATAEE R KEYIER

dunvourbek... THaassara, [Lviera gppasai, Kypoaos 2004 v Tomkeny  Kypvanns Cascont Baskigaan BHP MIJUTHOH ETTH BOG

dunyourbek...

bbe.com

bbse.cani i KILTIREINNYA, MARKAMA MAPAEHN 11 ABCVET KYHIE
toshkentpo... + ' Bu hacdn vazirdik xobarida aytiladi. +31°C
toshhentpao... raftbari topshirig'iga asosan bugun
edu.uz davlat pedagogika instituti); ¥ IV o'rin:
edu.uz tarbiva va sport universiteti), 7V o'rin:
edu.uz : 9V o'rin: Toshkent shaohri — Rajabova Guljahon |

Fig. 4. Querying the Corpus in the “Simple Query” mode

iminerifalih Qhamcitdinoa: Waveni §

— fivnmn , nopa pon Vilgarad.. En- @pr ks Tomsesrr  Kypy o Capoar Baukne Sournegiapi ga kado -
Fzbekiston Dunye Yangiliklar § 10 aerver 2023 ¥ Tomrentaa Jox 1 cuponn dowenmapi Sivman SofaiK ey

Towngenr oy Gousmamaas. T A G, Yabermeronm
Toshkent Mahalliy 18:31 Bugun 13319 Prezident

Toshkent shahridagi 500 ta oilaga Sergeli tumani ™

Toshkent vilovati = Urinova Sevinch (O zbekiston

loshkent shabri — Rajabova Guljahon (Toshkent daviat
Toshkent daviat iransport universitei),

Tawhbuset  Adasldab st dil sinivaraitarih €8T alela
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The sentence chosen as an example happened to be in
Cyrillic script (Fig. 1), it needed to be converted to Latin script
with the XML tags “rasped” so that Apertium would to try to
tag them as well (Fig. 2). The Apertium output (Fig. 3) has to
be parsed, converted to column format with the original word
forms, and XML tags restored to get the format expected by
the NoSketch Engine corpus manager (Table I).

The word attribute contains the word form it the original
script, nword is its normalized and/or Romanized value,
lemma and tag are values assigned by the tagger. Two extra
attributes result from the post-PoS processing: atag is the part
of speech information expressed in the Araneum Universal
Tagset (Anonymous), and ztag displays the result of the
morphological lexicon lookup, with the “1” value meaning
success, and “0” out of vocabulary (OOV) lexical item. All
these corpus attributes are available for querying to corpus
users. Moreover, as word, nword, and lemma are present in
the “Simple query” CQL definition, user can query either in
Latin or Cyrillic script, where queries in Cyrillic script will
find Cyrillic occurrences only, while those in Latin script will
find occurrences in both scripts, as shown in Fig. 4.

IX. QUERYING THE CORPUS

A 125 Megatoken sample of the corpus has already been
published at our “Sandbox” Corpora Portal providing the
users with full NoSketch Engine functionality. The Fig. 5, for
example, shows the most salient collocates of the word
“Toshkent” within the “—4 to +5” window sorted by the
logDice value.

Cooccurrence Candidate MI logDice
count count

shahr 6,010 41,068 8.957 11.304
viloyat 5,825 70,148 8.139 10.801
shahar 4,974 69,837 7.918 10.577
universitet 2,610 36,756 7.914 10.183
institut 1,884 23,981 8.059 9.988
tuman 2,002 63,610 7.275 9.887
hokimlik 829 7,715 8.511 9.253
Toshkent 1,332 36,754 6.943 g.212
boshgarma 808 15,752 7.444 8.976
IIBB 568 785 11.263 8.951
davlat 2,719 151,271 5.932 8.887
hokim 696 14,049 7.394 8.808
shahri 539 2,987 9.259 8.794
Samargand 649 13,740 7.325 8.716
kengash 685 24,419 6.574 8.518
filial 494 9,027 7.445 8.445
akademiya 461 10,107 7.275 8.331
xalqaro 733 40,631  5.937 8.277
nom 1,027 71,013 5.600 8.274
0'zbekiston 1,478 122,906 5.352 8.244
kun 2,723 269,653 5.100 8.185

Fig. 5. Most salient collocates of “Toshkent”.

X. WORD EMBEDDINGS

Word embeddings is a method that assigns
multidimensional vectors to individual words. Pioneered by
the word2vec, it soon became an indispensable part of many
NLP applications. Although nowadays mostly replaced by
contextual embeddings, word embeddings are still used for

® https://www juls.savba.sk/semi/?lang=uz

many purposes (e.g in lexicography), because they capture
semantic and grammatical properties of individual words.

We provide vector embeddings models for most of the
languages of the Aranea family of corpora, the newest
addition is the set of Uzbek embeddings trained on the
Araneum Uzbecicum corpus with the GenSIM framework.
The models use a context window 7 words wide and the skip-
gram training algorithm, with dimensionality 200.

The model is accessible through a user-friendly web
interface® that can be used to access and query the models and
demonstrate several common ways of using the models. The
interface is built upon an assumption that the vectors reflect
semantic properties of the words and the position (and
distance) of the vectors in the embedding space corresponds
to the position in an abstract “semantic space” of the language.
The interface is geared towards lexicographers and linguists
without experience in NLP. The models use automatic
detection of bigrams, these are treated as regular words (i.e. a
vector is assigned to them) and can be used in queries, with
the underscore character  (U+005F LOW LINE) joining the
components of the bigram.

The basic information provided is the list of words
corresponding to vectors with small angular distance from the
given word. Instead of cosine similarity, we define “semantic
difference” as V(1—cos2 0) =sin 0, being close to zero for near-
synonyms and close to one for unrelated words. We found out
this better aligns with the expectation of our users. An
example of the list of near synonyms is at Fig. X2. Then there
is a visualization of the embedding vectors, we are using
ISOMAP dimensionality reduction to display the results as a
2-dimensional, 3-dimensional or (for those users able to
mentally imagine four-dimensional Euclidean space) 4-
dimensional map, presented as a perspective projection into 2-
dimensional picture, as well as two different word cloud
representations. There is also a link to a raw dimensionality
reduced data in Gnuplot forma, giving the users ability to pan,
zoom and rotate the graphs, or use the data in other statistical
software.

urg‘usiz_unli
undoshlik
undov
gap sa'zla gﬁtgﬁ‘ishuv
) morfema : P
gapdagi i Z__ igtibosni
frazeologik_ibora s0'ZMa-s0'z
frazeologik ~birlik sinonim
A kalima
idioma
ma'no
antonim
lug'aviy_ma'no | etimologiya

leksem.

P

Fig. 6. Three dimensional visualization of word embedding vectors, in the
vicinity of the lemma so z.
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There are three different models available: the model
trained on the combination of part of speech and lemmas, the
model trained on word forms, and a FastText model The

X word count
0.539 ayol 1089548 6 W
0.552 girol 69540 G v
0.683 malika 51747 6 w
0.685 girolicha 15154 ¢ w
0.693 xon 56834 6w
0.705 erkak 301397 e w
0.706 xonim 19679 G w
0.713 qiz 694696 ¢ W
0.713 monarx 10313 6 w
0.715 erkakla 167297 6w
0.718 kanizak 2126 e w
0.725 taxt_voris 1879 cw
0.734 shahzoda 43684 c
0.735 hukmdor 48519 g w
0.739 gersoginya 369 cw
0.742 qil‘ollik 38976 o w
0.749 Yelizaveta_l| 1505 6w
0.749 Yelizaveta_| 341 6w

Fig. 8. List of nearest vectors to the result of an arithmetic expression qirol
—er + ayol.

models are also provided as downloadable datasets in text
GenSim format.

The links to external resources are (together with the hyperlink
symbols): link to the Aranem Uzbecicum Minus corpus; link
to the Google search for the word, restricted to the .uz top level
domain; link to English language Wiktionary entry for the
word. This allows quick verification of the usage of the word,
mostly for lexicographic purposes.

X word count
0.000 so'z 914995 6 W
0.387 sozla 197620 6w
0.442 ibora 119277 e w
0.634 so'zma-so'z 8839 c w
0.653 antonim 2530 e w
0.655 gap 329864 6 w
0.661 frazeologik_ibora 321 cw
0.670 lug'aviy_ma'no 1408 6 W
0.672 ma'no 305770 6 w
0.676 kalima 8440 6 w
0.676 epitet 3553 6w
0.684 leksema 1226 6 W
0.684 sinonim 15018 c w
0.685 idioma 1096 G W
0.686 morfema 2678 c w
0.686 so'zlashuv 9322 6 W
0.687 frazeologik_birlik 3474 cw
0.688 undov 2848 G W
0.688 urg'usiz_unli 450 G W
0.693 iqtibosni 469 6 W
0.697 etimologiya 2950 g w

Fig. 7. List of nearest vectors to the lemma so z. The columns contain sine
similarity, lemma, absolute frequency in the corpus, link to the Araneum
Uzbecicum Minus corpus, link to Google Search, link to Wiktionary.

The interface supports two other modes of operation: if
there are two words (separated by a space) in the input, it
displays the sine similarity between them.

The other mode gives access to a basic vector arithmetics,
supporting addition and subtraction. This allows easy
evaluation of the well known vector transfer (the famous king
— man + woman = queen example, see [14] with many
applications in linguistic and sociolinguistic research. In Fig.
8. We provide an Uzbek equivalent, the nearest vectors to the
expression qirol - er + ayol correspond to the words malika
and qgirolicha, meeting our expectations.

XI. CONCLUSION AND FURTHER WORK

Based on the feedback of the early users, we would like to
perform further processing in the foreseeable future as
follows:

* As the corpus contains some amount of non-Uzbek
(Mostly English and Russian) text fragments, a sentence-level
language filtration using the methodology suggested by [28]
will be applied.

» Sketch and term grammars for the Sketch Engine will be
crated.

* Based on the Apertium morphological lexicon, we’ll try
to train rules for the CSTlemma lemmatizer, so that lemmas
for the OOV lexical items could be guessed.

Besides the availability of our new corpus for on-line
querying at our Corpus Portal, we can also provide the
processed corpus source data (for non-commercial purposes)
under an open license. We hope this this might improve the
situation with availability of large-scale language
resources for the Uzbek language.

The full Gigaword version of the new corpus will be
published on-line in a foreseeable future.
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