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Abstract

This report presents the results of an investigation of the level of support the European lan-
guages receive through technology. The aim of this investigation is to identify factors that
hinder the development of needed language technologies and languages that lack the major-
ity of language resources, tools and applications. By identifying such weaknesses it will lay
the grounds for a comprehensive, evidence-based proposal of required measures for achiev-
ing Digital Language Equality in Europe by 2030.

The focus of this deliverable is the Serbian Language and its presence in the digital world.
Serbian is the official language of the Republic of Serbia, spoken as a mother tongue by 88.1%
of its citizens. The number of Serbian-speaking persons living abroad is large but difficult to
estimate. According to recent statistical data provided by official authorities, Serbian citizens
are equipped to live in the digital world: only 17.6% of adult citizens never used computer,
and 10.4% of them never used the Internet. Data for the younger population aged 16-24 is
even more favorable: less than 5% of young Serbian citizens have never used a computer,
and less than 2% of them have never used the Internet. 81% of households and enterprises
have internet connection. However, only 19.3% of enterprises have ICT professionals among
employees.

This data shows that Serbian citizens are ready to use language technologies (LT). Lan-
guage Technology is the multidisciplinary scientific and technological field that is concerned
with studying and developing systems capable of processing, analysing, producing and un-
derstanding human languages, whether they are written, spoken or embodied. The main
application areas of LT are: text analysis, speech processing, machine translation, informa-
tion extraction, information retrieval, natural language generation, and human-computer
interaction. LT is already fused in our everyday lives and it is an important, although some-
times invisible, ingredient of applications that cut across various sectors and domains. LT is
also one of the most important Al areas with a fast growing economic impact.

The overview of LT for Serbian showed that some resources for Serbian are rich and di-
verse, like mono-, bi- and multi-lingual corpora and lexicons, while some types of resources
are still rare (conceptual resources, models and grammars), and some practically do not exist
(multimodal corpora). There exist several and robust tools for tokenisation, POS and mor-
phosyntactic tagging, lemmatisation, and named-entity recognition. Speech technologies are
well developed but exist only for commercial use, some services for information extraction
and information retrieval were developed, while translation technologies, language gener-
ation, summarisation, and human-computer interaction are underdeveloped.

In recent years, the government of Serbia has recognised the importance of Artificial Intel-
ligence, and Natural Language Processing as one of the important Al applications. Having in
mind that in the past, as well as today, researchers working on LT for Serbian are mostly af-
filiated with state universities, those institutions require stable and adequate funding. How-
ever, there is still no specific LT-related funding in Serbia aimed at filling the recognised gaps
in LT for Serbian.

The evaluation of LT for 87 languages was performed on the basis of more than 10,000
items catalogued in the European Language Grid (as of January 2022). The current state of
technology support was measured by the availability of tools and services categorised in the
previously mentioned core LT technologies, as well as by the availability of resources (text
and parallel corpora, multimodal corpora, language models and lexical resources) that can
be used for training or evaluation. The analysis showed that the Serbian language is either
weakly or fragmentarily supported with respect to all mentioned dimensions. As a result,
the conclusion is that the overall support for the Serbian language is weak.

WP1: European Language Equality — Status Quo in 2020/2021 1



D1.35: Report on the Serbian Language ELE

AncTpakT

OBaj U3BeIIITaj je pe3y/ITaT UCTPAKUBakba IIOAPIIIKE KOjy TEXHOJIOTHja IIpy’Ka eBPOIICKUM
jesuriuMa. Ilusp UcTpakuBama je 610 f1a ce UIeHTUOUKY]y PaKTOpPU KOjU OMeTajy pasBoj
HOTPeOHUX je3SUUKUX TEeXHOJIOTHja U je3sHIIN KOjuMa HeJloCTaje HajBehH Opoj je3sSHUKUX pe-
Cypca, ajlaTa ¥ alIhKaiyja. UieHTuGUKoBamkeM OBHUX C1ab0CTH ITOCTaBHhe ce OCHOBA 3a
CcBe0OYXBaTHU U OKYMEHTOBAH IIPEJJIOT Mepa Koje je HeOIIX0HO IIpeAy3eTH a 6u ce 10
2030. roguHe ocTBapwia JUTUTAIHA PABHOIIPABHOCT je3rKa Yy EBpomu.

YV ¢oxycy oBOI U3BellITaja je CPIICKHU je3SHK U HeroBO IIPHUCYCTBO Yy JTUTHUTATHOM CBeTY.
CpIiCKH je 3BaHUUYHMU je3UK Penybisrike Cpbuje U MaTepwkH je3suK 88.1% meHUX rpahaHa.
Bpoj jpyiu KojuMa je CPIICKM MaTepHH je3UK a KOju He sKuBe y CpOUjH je TeIIKo IIpoIeHU-
TU. [IpeMa HajHOBUjUM 3BAaHUYHUM CTAaTUCTHUUKUM ItofarimMa rpahanu Cpbuje cy mobpo
OIIpeEMJbEHHU 3a KUBOT y IUTUTAJIHOM CBeTy: camo 17.6% opmpaciaux rpaljaHa HUKajla HUje
KOPUCTUJIIO padyHap, LoK 10.4% BUX HUKaZa HUje KopucTtuio MuTepHeT. [Togariu 3a Miaalyy
HoIyJIarujy yspacra 16-24 rogyHa cy joil yoea/bUBUjU: Marbe 0ff 5% miagux y Cpouju HU-
Kajla HYje KOPUCTUJIO padyHap, JOK Mame off 2% BHUX HUKa/a HUje KOPUCTUIO THTepHeT.
HuTepHeT Besy noceayje 81% nomahmHcTaBa U cBa Iipegyseha. Mmak, camo 19.3% mpenyse-
ha sanmonweaBa UT cTpyumake.

OBU mofarty roBope fa cy rpahanu Cpbuje CIipeMHU Jia KOPUCTE je3SUYKe TeXHOJIOTHje.
Jesruyke TeXHOJIOTHje CY MYJATHUIUCIIUIIMHAPHA Hay4YHa U TeXHOJIOIIKA 06J1aCT Y OKBUPY
KOje ce M3y4aBajy U pasBHjajy CUCTeMH KOjU MOTY /ia 00pal)yjy, aHa/IM3upajy, IIpOU3BOjEe U
pa3symejy jesriKe KojuMa Ce JbYIU CIyrKe, OMJI0 /Ia CY Y MUCAaHOM, TOBOPHOM HJIM 3HAKOBHOM
00siMKy. HajBa’kHHja 1oJba IIPUMEHE je3sUUKUX TEXHOJIOTHja Cy: aHaJM3a TeKCTa, obpasa
roBOpa, MAallIMHCKO IIpeBohjeme, eKcTpaKiiyja nHopMaIiyja, IIpoHalaKewhe HHGopMaIu-
ja, TeHepHcame IIPUPOSHOT jesMKa U MHTepaKIvja u3Mel)y yoBeKa W padyHapa. Jesruuke
TeXHOJIOTH]je cy Beh yK/bydeHe y CBaKOZHEBHHU KUBOT JbYH U IIPE/ICTaB/bajy BaskaH, HaKo
TI0HEeKa/l HeBU/IJbUB, [1e0 PAa3HOBPCHUX aIUIMKAaIlFja Koje ce KOPHCTe Y PasJIMUYUTUM J[oMe-
HUMa. Takolje, jesuKe TEXHOJIOTHje MPeJICTaB/bajy jeTHy Off HajsHaUajHUjUX OA00JIacTH
BeIlITauKe MHTEeJIUTeHITHje YUjU eKOHOMCKHU yTHUIlaj 6p30 pacTe.

IIperseq je3sMUKUX TeXHOJIOTH]ja 3a CPIICKH je3HK je IT0Ka3ao /ia Cy HEKH pecypCH 3a CpIl-
CKHM 60TaTH U pasHOBPCHU. To IIpe cBera BaXkH 3a je[THOjesHUHe, [BOjesSHUHe U BUIIIejesSUUHe
KOPpITyCe U 3a JIEKCUKOHE 1 peuHUKe. HeKH pecypcH Cy joIl YBeK PeTKH, IIOIyT KOHIIeIITyaJl-
HUX pecypca 1 rpaMaTHKa, 0K HeKH, Kao MyJITUMO/A/THN KOPITYCH, IIPaKTUYHO He II0CTOje.
ITocToju Buille poOYCTHUX ajiaTa 3a TOKeHHU3aIHjy, MOPPOCUHTAKCUYHO Tarupabe U Tark-
parbe BpCTOM peuw, ieMaTH3allujy U IIpelio3HaBabe UMeHOBaHUX eHTUTETA. JesHyKe TeX-
HOJIOTH]e Cy J06p0 pasBHUjeHe aIt Cy OHe JOCTYIIHE YIJIABHOM CaMO KoMepIirjaaHo. PasBu-
JEHO je BHUIIIe CepBHCa 3a IIpOHaJIa’Kekhe€ U eKCTPaKI[Ujy HHPOpMaIivja JOK Cy TeXHOJIOTHje
HaMemeHe ayTOMaTCKOM IIpeBohjewy, reHepUucamy TeKCTa, CyMapusaliyju U UHTepaKIUuju
JoBeKa U padyHapa jolll yBeK HeZIOBOJbHO Pa3BHjeHe.

IMocnenwpux roguHa Biaga Penybiirike Cp6uje mIpelto3Haje 3Havaj BelITauKe UHTEeIUTeH-
Iyje 1 obpajie IPUPOSHUX je3rKa, Kao jeHe ieHe BaKHe IpuMeHe. lmajyhu y Buay na
HUCTpa’kKUBayy KOjH Cy PafHIM a M JaHac paje Y 061acTH jeSUUKUX TeXHOJIOTHja II0THYY
YIJIaBHOM Ca [IpyKaBHUX YHUBEP3UTETA, 0BUM MHCTUTYIIH]a je II0TpebHO CTAaOMIIHO U afie-
KBaTHO pUHAHCHUpame. MeljyTuw, joII yBeK He IIOCTOjH JIMHUja QUHAHCHpamka HaMemeHa
I0CeOHO je3SYKUM TeXHOJIOTHjaMa, OMJI0 y OKBUPY BeIlITauKe UHTEJIUTEHITM]e WIK He (Ha
IIpHUMep, 3a pasBoj rpaMaTHKa 3a CPIICKHU je3SUK HEOIIXOQHUX 3a PasBoj jeSHYKUX TEeXHOJIO0-
ryja), Yuju 6U [TUJb 610 II0IIyHhaBakhe YOUeHUX HeJlocTaTaKa Y bUXOBOM pPasBOjy 3a CPIICKU
je3UK.

Ha ocHoBy Buitte oz 10.000 cTaBKM KaTaJOTH3UPaHUX /10 jaHyapa 2022. TofuHe Y OKBU-
py EBponcke jesuuke Mmpexke (European Language Grid) o6aBsbeHa je eBajiyaliyja jeSHUKUX
TeXHOJIOTHja 3a 87 eBPOIICKUX jesrKa. TpeHyTHO CTame TeXHOJIOIIKe II0/IpIIIKe MePeHo je

WP1: European Language Equality — Status Quo in 2020/2021 2
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IOCTYIHOIINY ajiaTa U cepBHCa KaTeTOPUCAHUX Y IIPETX0JHO IIOMeHYTe OCHOBHE je3UUKe
TeXHOJIOTHje, Kao U JAOCTYIHOIIhy pecypca (jefHOjesSUUHHU U I1apaJieIHU KOPIIYCH, MYJITH-
MOJIa/THU KOPITYCH, jeSHYKU MOJIeJIN U JIEKCUUKU pPecypcH) KOju ce MOI'Y KOPHUCTUTH 3a Tpe-
HUpame WIK eBasyalryjy. OBa aHa/IM3a je II0KasaJja Jia je CPIICKU je3UK C1ab0 MIU Jeu-
MHYHO IIOJpPrKaH IIpeMa CBUM IIOMeHYTUM [HMeHsHjaMa, a ofaTile CJIefH 3aK/bydak Jia je
YKyIIHa IIOZIPIIIKA jeSUUYKUM pecypcruMa CPIICKOM je3sHKy caba.

OBO UCTpaKUBaKe je OMOTYNIJIO [1a ce yIIope/ie je3sndKe TEXHOJIOTH]je 3a CPIICKY ca OHU-
Ma Koje II0CTOje 3a eHIJIECKU U JIPyTe je3hKe ca J0OPOM TEeXHOJIOIIKOM IIOAPIIKOM. Mako
ce y IPOTEKJIUX JleceT TOAMHA youaBa HaIlpelaK y pasBojy je3SMUKUX TEXHOJIOTHja 3a CpII-
CKU je3UK UMjU pe3yJITaT cy 60/b1 U pa3sHOBPCHUJU PECYPCU U ajlaTy, Iieja 06JI1acT je y TOM
IepHrofy BeoMa HallpefoBajia IIITO je JOHEJIO joIll BHUIIle HAIIPeSHUX pecypca M ajaTra 3a
E€HIVIECKH U JIpyTe je3srKe KOju cy Beh HoHaKo Ipeambadmin. C Tora ce JaHac MOXKe IIpuMe-
TUTH Jla Ce YIIPKOC HAIIPeTKY KOjH je IIOCTUTHYT 3a CPIICKHU jeSUK pasyrKa usMel)y CpIICcKOT
U IPYTUX T0O6PO HMO/Ip>KaHUX je3uKa HUje cMammia. OBO UCTpaKUBame€ je TaKohje yKasajo
Ila je pasnuKa usMel)y jesuka KojU cy 6JIMCKU CPIICKOM IIPOCTOPHO, UCTOPUjCKHU U I10 OPOjy
TOBOPHMKA, Kao IIITO Cy 0yTapCKH, CJIOBEHAUYKU U XPBAaTCKH, U je3UKa KOjH Cy peJIaTUBHO [[0-
6po ImoIprKaHU Maba, IpeM/ia jOIll yBeK 3HaTHA. II0JIUTHKe Koje 0Be 3eMJbe CIIPOBOJIE 1a 01
IIPOMOBHCAJIE U IIOJprKaJjle je3sUKe TEXHOJIOTH]e 3a CBOje je3rKe MOTI'Y Jla yKa>Ky Ha IIpaBarj
Koju Tpeba cieguTH fa 61 ce YHAIIpeAIIe je3sUKe TeXHOJIOTHje 3a CPIICKH.

VIIpKoc BpefHUM JOCTUTHYhUMa Koja Cy IIOCTUTHYTA, CPIICKU je3HUK je U [ajbe Y HEIIOBOJb-
HOM I10JI07Kajy IIITO HOCH OITaCHOCT Jja 38 HEKOJIMKO TOIMHa TOBOPHUK CPIICKOT jesHKa He
61 MOrao Zja KOpUCTU No6po06UTH HacTyIlajyhe peBoJyLiyje y 06J1aCTU BelllTauKe UHTeJIH-
reHIHje U je3sSUYKUX TeXHOJIOTHja. [la 61 ce TO CIIpevynio, IIOTPEeOHO je BUIlle QUHAHCUpPaka
¥ Ha HaIlMOHAJIHOM U Ha MeljyHapogHOM 11aHy. Ha Mel)yHapo#gHOM IIaHY CPIICKOM U IpY-
TUM €J1a00 MOAPKaHUM je3ulliMa 61 KOPHUCTUIU IIPOjeKTH 3a IIPEeHOC 3Haka YUjU ITUJb He
6U 6MJIO ITYKO IIpecInKaBame [I0CTojehiX pelllerha 3a eHIVIECKHU je3UK Beh Koju 6U mo/ipyKa-
BaJIM IIPOU3BO/ILY aleKBaTHUX pecypca U ajaTa 3a yIposkeHe jesuke.

1 Introduction

This study is part of a series that reports on the results of an investigation of the level of sup-
port the European languages receive through technology. It is addressed to decision makers
at the European and national/regional levels, language communities, journalists, etc. and it
seeks to not only delineate the current state of affairs for each of the European languages cov-
ered in this series, but to additionally — and most importantly — to identify the gaps and factors
that hinder further development of research and technology. Identifying such weaknesses
will lay the grounds for a comprehensive, evidence-based, proposal of required measures
for achieving Digital Language Equality in Europe by 2030.

To this end, more than 40 research partners, experts in more than 30 European languages
have conducted an enormous and exhaustive data collection procedure that provided a de-
tailed, empirical and dynamic map of technology support for our languages.’

The report has been developed in the frame of the European Language Equality (ELE)
project.? With a large and all-encompassing consortium consisting of 52 partners covering
all European countries, research and industry and all major pan-European initiatives, the
ELE project develops a strategic research, innovation and implementation agenda as well as
a roadmap for achieving full digital language equality in Europe by 2030.

1 The results of this data collection procedure have been integrated into the European Language Grid so that they

can be discovered, browsed and further investigated by means of comparative visualisations across languages.

2 https://european-language-equality.eu
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2 The Serbian Language in the Digital Age

2.1 General Facts

Standard Serbian is the national language of Serbs and the official language in the Republic
of Serbia. It was formed on the basis of Ekavian and Ijekavian Neo-Stokavian South Slavic
Dialects and its form was determined by the reformer of the written language of Serbs Vuk
Karadzi¢ (1787-1864), who at the same time reformed both the Cyrillic alphabet and orthog-
raphy. In the 20th century, in the federal state of Yugoslavia, this language was officially
encompassed by Serbo-Croatian, a name that implied a linguistic unity with Croats (and
later with other nations whose languages were based on Neo-Stokavian dialects). In the
last decade of the 20th century in Serbia the name Serbo-Croatian was replaced by the name
Serbian (Popovi¢, 2004). The Constitution of the Republic of Serbia from 2006 stipulates:
“The Serbian language and the Cyrillic alphabet shell be in official use in the Republic of
Serbia” (Ustav, 2006). However, the Latin alphabet is in widespread use. According to data
from the Union Library Catalog of Serbia, in 2020 1,612 monographs were published in Cyril-
lic while 1,554 were published in the Latin alphabet.

According to the 2011 census® the population of Serbia is 7,186,862, and Serbian is the
mother tongue of 88.1% of the population. To this number one should add the ethnic Serb
population in other parts of former Yugoslavia (a number not easy to determine). The Ser-
bian diaspora lives primarily in a number of countries of Central and Western Europe, in
the USA, Canada and Australia, and their knowledge of Serbian is mainly determined by the
generation of immigrants they belong to.

According to the 2011 census, the structure of minority languages spoken in Serbia is the
following: Hungarian 3.4%, Bosnian 1.9%, Roma 1.4%, Slovak 0.7%, Wallach 0.6%. The re-
maining languages are spoken by 1.6% of the population, whereas for 2.33% of the popula-
tion the data is unknown.

Translations to and from Serbian represent an important activity. During 2020 a total of
3,725 works were translated, mostly from English (46.2%), followed by French, Italian, Rus-
sian, Spanish, etc. As for translations from Serbian into other languages, 1,054 works were
published in 2020, and mostly translated into English (39.4%). As for minority languages and
languages in close contact, most works were translated from or to Hungarian, followed by
Slovak, Macedonian, Slovene, Bulgarian, Croatian and Bosnian. Translations to and from
Hungarian, Slovak, Bosnian and Croatian consist mostly of school textbooks.

2.2 Serbian in the Digital Sphere

There were 6,406,827 Internet users in Serbia on 31 December 2020, or 73.4% out of an esti-
mated population of 8,733,407 , while there were 3,926,000 users of Facebook, or 45.1%.%

The number of sites with the .rs top domain is 121,383, the number of mail servers is
22,192, and the number of IP addresses is 2,519,545.%

According to the 2011 census, 34.2% out of 6,161,584 inhabitants (2,971,868 men, 3,189,716
women) 15 years old or older had computer literacy skills, while 14.8% were partially com-
puter literate. Women fall behind men: 32.8% women had computer literally skills (vs. 35.7%
men), while 14.0% of them were partially computer literates (vs. 15.6%). In order to assess

Statistical Office of the Republic of Serbia — Census 2011 (https://www.stat.gov.rs/sr-latn/oblasti/popis/popis-
2011); starting from 1999 census of the Republic of Serbia do not include data from Kosovo.

4 Source: Internet in Europe (https://www.internetworldstats.com/stats4.htm); it should be noted that the esti-
mated population by Internet World Statistics (8,733,407) differs significantly from data provided by the Statis-
tical Office of the Republic of Serbia (7,186,862).

Source: Domain Count Statistics for top level domains (https://research.domaintools.com/statistics/tld-counts/)
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somebody’s skills, people were asked to reply whether they knew how to use text processing,
spreadsheets, e-mail and the Internet.

The Statistical Office of the Republic of Serbia collects data about the use of ICT in Serbia
each year.® According to their incomplete data for 2021 published on October 22, 2021, the
percentage of citizens between 16 and 74 years of age that have never used a computer was
17.6% (compared to 38.9% in 2012), while the percentage of citizens that never have used
he Internet was 10.4% (compared to 48.4% in 2012). A computer is used regularly’ by 74.8%
of the citizens (compared to 55.9% in 2012), while the Internet is used regularly by 81.2% of
the citizens (compared to 48.4% in 2012). Data for the 16-24 age group is more favorable:
computers are regularly used by 95.2% of the young people, and Internet by 98.1%. Citi-
zens with higher education (at least 2 years of regular studies after the secondary school)
use computers regularly (90.1%), as well as the Internet (91.1%). Women fall behind men
both in the regular use of computers (70.9% compared to 78.8% male users) and the use of
Internet (78.8% compared to 83.6%). When it comes to e-commerce, 42.3% of the population
regularly use it (compared to 16.6% in 2012); in this case women more often than men (45.2%
vs. 39.4%).

The Statistical Office of the Republic of Serbia published complete official results of the use
of ICT study for the year 2020 (ICT2020, 2020), and there one can find that 74.3% of house-
holds possessed a computer (61.8% in rural districts), while 81.0 % of households had an
Internet connection (70.4% in rural districts), out of which 90.5% had a broadband connec-
tion. Internet was used for private purposes mostly to send messages — via Skype, Messinger,
WhatsUp, Viber - (84.0% of users), to telephone (80.5%), to read on-line news and magazines
(73.6%), to use social media — Facebook, Twitter — (71.2%),8 and to seek information about
goods and services (69.6%). As for e-government, this study showed that 37% of Internet
users used Internet services instead of personally visiting public institutions and administra-
tive bodies. These cases were used mostly to seek information on public institutions websites
(34.0%), to download forms (25.2%) and to upload completed forms (23.9%).

As for business, 100% of enterprises in Serbia had Internet connection in 2020, 98.4% with
a broadband connection. In 36.0% of enterprises, Internet was used by 1% to 24% employ-
ees, while in a similar number of enterprises (35.7%) the Internet was used by 75% to 100%
of employees. 84.4% of enterprises have their own websites (compared to 80.8% in 2016).
27.9% enterprises sold their goods and/or services via the Internet during 2019, while 18.6%
of enterprises pay via Internet cloud services. 19.3% of enterprises have ICT professionals
among their employees.

3 What is Language Technology?

Natural language?® is the most common and versatile way for humans to convey information.
We use language, our natural means of communication, to encode, store, transmit, share
and process information. Processing language is a non-trivial, intrinsically complex task, as
language is subject to multiple interpretations (ambiguity), and its decoding requires knowl-
edge about the context and the world, while in tandem language can elegantly use different
representations to denote the same meaning (variation).

The computational processing of human languages has been established as a specialised
field known as Computational Linguistics (CL), Natural Language Processing (NLP) or, more
generally, Language Technology (LT). While there are differences in focus and orientation,

6 The use of ICT - official statistics (https://www.stat.gov.rs/sr-Latn/oblasti/upotreba-ikt/upotreba-ikt-pojedinci)

7 “Regularly” is defined in this research as “at least once in last 3 months”.

8 This number differs significantly from the one provided by the Internet World Statistics — 45.1%.

9 This section has been provided by the editors. It is an adapted summary of Agerri et al. (2021) and of Sections 1
and 2 of Aldabe et al. (2021).
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since CL is more informed by linguistics and NLP by computer science, LT is a more neutral
term. In fact, LT is largely multidisciplinary in nature; it combines linguistics, computer sci-
ence (and notably AI), mathematics and psychology among others. In practice, these commu-
nities work closely together, combining methods and approaches inspired by both, together
making up language-centric Al

Language Technology is the multidisciplinary scientific and technological field that
is concerned with studying and developing systems capable of processing, analysing,
producing and understanding human languages, whether they are written, spoken or
embodied.

With its starting point in the 1950s with Turing’s renowned intelligent machine (Turing,
1950) and Chomsky’s generative grammar (Chomsky, 1957), LT enjoyed its first boost in the
1990s. This period was signalled by intense efforts to create wide-coverage linguistic re-
sources, such as annotated corpora, thesauri, etc. which were manually labelled for various
linguistic phenomena and used to elicit machine readable rules which dictated how lan-
guage can be automatically analysed and/or produced. Gradually, with the evolution and
advances in machine learning, rule-based systems have been displaced by data-based ones,
i. e. systems that learn implicitly from examples. In the recent decade of 2010s we observed
a radical technological change in NLP: the use of multilayer neural networks able to solve
various sequential labelling problems. The success of this approach lies in the ability of neu-
ral networks to learn continuous vector representations of the words (or word embeddings)
using vast amounts of unlabelled data and using only some labelled data for fine-tuning.

In recent years, the LT community has been witnessing the emergence of powerful new
deep learning techniques and tools that are revolutionizing the way in which LT tasks are
approached. We are gradually moving from a methodology in which a pipeline of multiple
modules was the typical way to implement LT solutions, to architectures based on complex
neural networks trained with vast amounts of data, be it text, audio or multimodal. The
success in these areas of AI has been possible because of the conjunction of four different
research trends: 1) mature deep neural network technology, 2) large amounts of data (and
for NLP processing large and diverse multilingual data), 3) increase in high performance
computing (HPC) power in the form of GPUs, and 4) application of simple but effective self-
learning approaches.

LT is trying to provide solutions for the following main application areas:

* Text Analysis which aims at identifying and labelling the linguistic information un-
derlying any text in natural language. This includes the recognition of word, phrase,
sentence and section boundaries, recognition of morphological features of words, of
syntactic and semantic roles as well as capturing the relations that link text constituents
together.

* Speech processing aims at allowing humans to communicate with electronic devices
through voice. Some of the main areas in Speech Technology are Text to Speech Synthe-
sis, i. e. the generation of speech given a piece of text, Automatic Speech Recognition,
i.e. the conversion of speech signal into text, and Speaker Recognition (SR).

* Machine Translation, i.e. the automatic translation from one natural language into
another.

* Information Extraction and Information Retrieval which aim at extracting struc-
tured information from unstructured documents, finding appropriate pieces of infor-
mationinlarge collections of unstructured material, such as the Internet, and providing
the documents or text snippets that include the answer to a user’s query.
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* Natural Language Generation (NLG). NLG is the task of automatically generating
texts. Summarisation, i. e. the generation of a summary, the generation of paraphrases,
text re-writing, simplification and generation of questions are some example applica-
tions of NLG.

* Human-Computer Interaction which aims at developing systems that allow the user
to converse with computers using natural language (text, speech and non-verbal com-
munication signals, such as gestures and facial expressions). A very popular applica-
tion within this area are conversational agents (better known as chatbots).

LT is already fused in our everyday lives. As individual users we may be using it without
even realizing it, when we check our texts for spelling errors, when we use Internet search
engines or when we call our bank to perform a transaction. It is an important, but often
invisible, ingredient of applications that cut across various sectors and domains. To name
just very few, in the health domain, LT contributes for instance to the automatic recognition
and classification of medical terms or to the diagnosis of speech and cognitive disorders. It
is more and more integrated in educational settings and applications, for instance for edu-
cational content mining, for the automatic assessment of free text answers, for providing
feedback to learners and teachers, for the evaluation of pronunciation in a foreign language
and much more. In the law/legal domain, LT proves an indispensable component for several
tasks, from search, classification and codification of huge legal databases to legal question
answering and prediction of court decisions.

The wide scope of LT applications evidences not only that LT is one of the most relevant
technologies for society, but also one of the most important Al areas with a fast growing
economic impact.°

4 Language Technology for Serbian

While some resources for Serbian are rich and diverse (mono-, bi- and multi-lingual corpora
and lexicons), other types of resources are rare (conceptual resources, models and gram-
mars). Moreover, multimodal corpora are still lacking in the landscape. There exist several
diverse tools for tokenisation, POS and morphosyntactic tagging, lemmatisation, and named-
entity recognition (NER). Speech technologies are well developed but exist only for commer-
cial use, some services for information extraction and information retrieval were developed,
while translation technologies, language generation, summarisation, and human-computer
interaction are underdeveloped.

4.1 Language Data
Mono-, bi- and multi-lingual corpora

A variety of texts and corpora for Serbian was produced and made available that vary in
types and levels of annotation. The variety of corpora as well as their availability has im-
proved significantly in recent 10 years (Vitas et al., 2012). As for text types, many of these text
collections/corpora contain data obtained from various news portals (SETimes, MetaLangNEWS-
sr), Wikipedia (CLASSLA), Twitter (Serbian Twitter training corpus ReLDI-NormTagNER-sr

10 In a recent report from 2021, the global LT market was already valued at USD 9.2 billion in 2019 and is
anticipated to grow at an annual rate of 18.4% from 2020 to 2028 (https:/tinyurl.com/4tdwtx7u). A differ-
ent report from 2021 estimates that amid the COVID-19 crisis, the global market for NLP was at USD 13 bil-
lion in the year 2020 and is projected to reach USD 25.7 billion by 2027, growing at an annual rate of 10.3%
(https://www.researchandmarkets.com/reports/3502818/natural-language-processing-nlp-global-market).
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2.1), movie reviews (SerbMR-3C), or by web crawling (srWac) (LjubeSi¢ and Klubicka, 2014).
Some collections/corpora are represented as raw texts, others are annotated with POS and
lemmas, while a few are fully morphologically and/or NE annotated. A few collections/corpora
contain transcribed texts (Serbian forms of address 1.0, Spoken Torlak dialect corpus 1.0).
Some of these collections/text were prepared for a special purpose, such as sentiment anal-
ysis (collected Movie Reviews).!! Two corpora/datasets were developed for text similarity
and text paraphrasing analysis, each consisting of approx. 1,200 sentences pairs annotated
for similarity, or paraphrasing (Batanovi¢ et al., 2018).

As for prepared corpora, to balance criteria with the aim of representing the language in
general to a certain extent, there are two corpora available on the web, developed by re-
searchers from the University of Belgrade (UB) and the Society of Language Resources and
Tools - JeRTeh.'? The Corpus of Contemporary Serbian SrpKor2013'3 contains more than 122
million tokens annotated with Part-Of-Speech and lemmas (Vitas and Krstev, 2012). For cor-
pus management and search, the IMS/CQP software produced by the University of Stuttgart
is used. It is available for search for registered users.

At the end of 2021 the new version of this corpus, dubbed SrpKor2021 was published. It
contains new texts compared to SrpKor2013 comprising of more than 600 million words and
it is annotated with Part-of-Speech and lemmas. The new system for the management of
corpus texts will enable its permanent enhancement. Besides newspaper texts, it contains
texts from Wikipedia, literary texts, textbooks on various topics, PhD theses, as well as other
texts from various domains. Among literary texts are 100 novels forming the Serbian sub-
collection of the European Literary Text Collection (ELTeC) corpus prepared in the scope
of the COST action CA16204 Distant Reading for European Literary History. For the corpus
management and search NoSketch (open source version of Sketch Engine) is used, and it is
available for registered users at the site of JeRTeh.!* However, some of its parts are open
(Wikipedia, SrpELTeC). Besides SrpKor2021, NoSketch at the site of JeRTeh suports various
domain corpora (mathematics, mining, geology, etc.).

There are numerous multilingual collections/corpora that include Serbian as one of the
languages. Some of them, registered at ELG, are CLASSLA-Wikipedia 1.0, Plain text Wikipedia
dump 2018, W2C — Web to Corpus , Text collection for training the BERTi¢ (LjubeSi¢, 2021),
to mention just a few. The Serbian part of these collections can be used independently for
monolingual processing. There are some multi- or bi-lingual collections/corpora in which
language components are aligned, for instance INTERA Corpus — the Serbian-English part,
SETimes — A Parallel Corpus and Parallel corpus srenWacC 1.0 (see footnote 11).

The English/Serbian aligned corpus developed by UB/JeRTeh and supported by Biblisa dig-
ital library,'®> contains texts from various domains having more than 130,000 aligned sen-
tences and it is being permanently enhanced (Stankovic et al., 2017). Two other bilingual
corpora were built by the same group that contain text of various types, among them a large
part are literary texts. These are English/Serbian and French/Serbian aligned corpora con-
taining in both languages approx. 4.5, or 1.7 respectively, million tokens, both accessible
on the Web for searching. The German/Serbian corpus supported by Biblisa contains only
literary texts, consisting of 14 novels with 48,004 aligned sentences.

Some of these multi- or bi-lingual collections/corpora were build for special purposes, such
as the MT corpus PErr 1.0 and exams intended for multi- and cross-lingual question answer-
ing. The Deep Universal Dependencies 2.8 contains a collection of treebanks derived semi-
automatically from Universal Dependencies (UD). In addition, multi-lingual versions of Bible
and 1984 include also Serbian (see footnote 11).

More information about resources mentioned in this paragraph can be found in the ELG catalogue.
12" The Society of Language Resources and Tools (http://jerteh.rs)

13 The Corpus of Contemporary Serbian (http://www.korpus.matf.bg.ac.rs/korpus/login.php)

14 SrpKor2021 (https://noske.jerteh.rs)

15 Biblisa (http://jerteh.rs/biblisha/Default.aspx)
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Lexical/conceptual resources

Lexical resources for Serbian are numerous. Among the many monolingual lexicons are
srLex, an inflectional lexicon based on the MULTEXT-East V5 tagset (Krstev et al., 2004), KO-
RLEX - Serbian Lexicon, the Serbian part of the bilingual lexicon for English-Serbian and
MULTEXT-East non-commercial lexicons 4.0 (see footnote 11).

By far the most comprehensive lexical resource for Serbian that covers both simple and
multi-word units, general lexica, proper names, and domain lexica, is Serbian Morpholog-
ical Dictionaries — SrpMD developed by UB/JerTeh researchers (Krstev, 2008). The descrip-
tion of entries in these dictionaries goes beyond morphological descriptions. It covers, to a
certain extent, semantics, usage, pronunciation, etymology, domains, derivational relations,
etc. and it is being permanently updated. Currently, it contains more than 205,000 simple-
and almost 23,000 multi-word units. At the end of 2021 these dictionaries became open for
search through the platform Leximirka. Registration is obligatory for different types of users
having various levels of accessibility to data. The part of this lexicon containing word forms
for approx. 85,000 lemmas are made public and registered on ELG at the end of 2021.16

NLP resources for Serbian and Serbo-Croatian (dubbed sr-sh-nlp) developed in the scope
of the AI PhD programme at the University of Belgrade contain resources prepared using the
TEI Lex0 standard with 40,000 synonyms entries and more than 53,000 definition entries ex-
tracted from Serbo-Croatian Wiktionary data and data from the Systematic Dictionary (2,391
groups representing senses. Each group belongs to one of 18 fields (everyday life, psychol-
ogy, ethics, mathematics, language, etc).’

Several multilingual lexical resources were built that include Serbian, such as senti_lex
and JULIELab/MEmoLon (Data) aimed for sentiment analysis. Quite a number of multi- or
bi-lingual terminology resources were developed, e. g. ms_terms, the Microsoft Terminology
Collection, English-Serbian terms extracted from the English-Serbian INTERA corpus (see
footnote 11), Eurovoc that covers 30 languages (with 9,000 entries having Serbian terms),
and Agrovoc including almost 25,000 Serbian terms.

Systematic development of terminology resources has been done by the UB/JeRTeh re-
searchers, and users can search them on the platform Termi (Kitanovi¢ et al., 2021).® These
include more than 12,000 bilingual English/Serbian term pairs from various domains, and
much more Serbian terms. A part of these resources (resources from the domains of geology,
mining, power engineering) are registered as open for download. Terminology development
by this group is an ongoing activity.

Two special purpose bilingual lexicons were developed by UB/JerTeh researchers, aimed
to solve specific problems in sentiment analysis. One is the improved version of sr-HurtLex
for abusive language detection in which a number of entries were corrected and more than
1,600 were newly added. For further development of this lexicon the AbCoSER corpus was
built consisting of 6,436 tweets out of which 1,416 were annotated as containing the abu-
sive speech, further classified in more fine grained categories (Joki¢ et al., 2021). The other
is the sentiment lexicon for sentiment analysis that was obtained through the harmonisa-
tion, translation and adaptation of several multilingual sentiment lexicons (EmoLex, Bing,
AFINN). The Serbian headwords in this lexicon (25,000) are supplied with POS and sentiment
categories and aligned with used dictionaries. Both resources are still worked on and they
will be published soon.

Proprietary resources were developed for similar purposes at the University of NiS: a hate-
speech lexicon with 4,705 entries, collocations, phrases and idioms categorised into three
groups: curses, insults and threats (Mladenovi¢ et al., 2020). It is accompanied by a cor-

16 SrpMDA4Tagging — Serbian Morphological Dictionaries for Tagging at ELG (https://www.european-language-grid.
eu)

17 NLP resources for Serbian and Serbo-Croatian sr-sh-nlp (https://github.com/putnich)

18 Termi (https://termi.rgf.bg.ac.rs)
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pus of almost 6,000 short comments on several portals, manually labelled as “hate/not hate
speech/unknown”. In addition, the sentiment lexicon was built containing positive and neg-
ative words and phrases, and a dataset with tweets manually labeled as “ironic/not ironic”.

A rare bilingual lexicon that includes a language other than English is the Serbian/German
lexicon consisting of 3,373 aligned concepts derived from the Serbian/German aligned liter-
ary corpus. This resource is open and its further development is frozen at this moment (An-
donovski et al., 2019).

The Serbian WordNet, produced by researchers from UB is aligned to the Princeton Word-
Net 3.0, and with SentiWordNet. It has 22,571 synsets, and some domains are better popu-
lated than the others?? Itslast version is from 2018 (Stankovic et al., 2018). A formal OWL2 do-
main ontology with 98 rhetorical figures accompanied by examples, classified into 4 rhetor-
ical types was developed and made public (present status unknown).

Models and grammars

The Dict2Vec embedding model was adapted for Serbian in the scope of the AI PhD pro-
gramme at the UB using Serbo-Croatian Wikipedia and Wiktionary synonym pairs to im-
prove the training process. On average, using Dict2Vec increased word similarity scores
between 55-70 percents, depending on the training configuration used.?°

BERTiI¢, available through HuggingFace is a transformer model pre-trained on 8 billion
tokens of crawled text from the Croatian, Bosnian, Serbian and Montenegrin web domains,
evaluated on POS tagging, NER, geo-location prediction and commonsense causal reasoning,
showing improvements on all tasks over state-of-the-art models (see footnote 11) (Ljubesi¢
and Lauc, 2021).

4.2 Language Technologies and Tools
Text analysis

Several taggers and/or lemmatisers for Serbian were developed, three of them by UB/JeRTeh
researchers: TreeTagger was used for a long time as the optimal tagging approach, but the
spaCy framework, which uses contemporary ML technology proved as a promising alterna-
tive, as well as the NLTK library POS-tagger, but with less satisfying results. Four tagging
models, TreeTagger and spaCy trained on the same dataset with 2 different tagsets, UD and
traditional Serbian POS tagset, as well as lemmatisers for these taggers supported by dictio-
naries, are published on the JeRTeh portal and on ELG (Stankovi¢ et al., 2020).>! A complete
suite for sentence segmentation, tagging, lemmatisation and other processing is also avail-
able on the web for public use.??

A suite of NLP tools for Serbian was developed and made public, it includes ParCoTrain-
Synt, a 101,000 token treebank, ParCoLex: a morphosyntactic lexicon with 6 million entries,
two parsing models, a morphosyntactic tagging model, and a lemmatisation model.?* Also,
UDPipe performs segmentation, tokenisation, POS tagging, morphological analysis, lemma-
tisation and dependency parsing of raw Serbian texts (Miletic et al., 2019).

Text analysis of Serbian texts has been done for years in Unitex/Gramlab environment?*
using SrpMD. In this environment various local grammars were developed by UB/JerTeh re-
searchers, e. g. for compound verb forms, nominal phrases etc. which were used to solve dif-

19 It can be consulted at the site of the Bulgarian Academy of Sciences (http://dcl.bas.bg/bulnet)
20 Dict2Vec (https://github.com/putnich)

21 UB/JeRTeh taggers and lemmatisers (https://github.com/procesaur/srpski)

22 UB/JeRTeh processing suite (https:/github.com/petar-popovic-bg/Jerteh)

23 Serbian-nlp-resources (https:/github.com/aleksandra-miletic/serbian-nlp-resources)

24 Unitex/Gramlab corpus processing suite (https://unitexgramlab.org)
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ferent problems (NER (Sandrih Todorovi¢ et al., 2021), terminology extraction (Sandrih et al.,
2020), definition modelling for dictionary entries (Stankovic et al., 2021), de-identification of
sensitive texts, etc.). Using the same environment, special-purpose grammars were built for
the extraction of mining entities from domain texts, e. g. mining equipment, locations of the
mine sites, equipment failure and failure entities.

Parsing of Serbian is possible online using UDPipe,?® as a REST service, and is also im-
plemented as an ELG compatible service. The CLARIN Knowledge Centre for South Slavic
languages (CLASSLA) offers the pipeline for tokenisation and sentence splitting, POS tag-
ging, lemmatisation, dependency parsing, NER for the processing of Serbian, among other
languages.?®

Several sentiment analysis systems were developed for Serbian that analyse movie re-
views and news portals.

Speech processing

A substantial breakthrough in the area of speech processing was made by a group from the
Faculty of Technical Sciences at the University of Novi Sad (Deli¢ et al., 2019). They have com-
mercialised their speech recognition and generation resources and tools by the AlphaNum
company, a spin-off of the University of Novi Sad.?’” They offer a large variety of products
and services: speech technologies (ASR and TTS), voice assistant, products for disabled, au-
diomemo recording, dictation, voice dial. Resources produced by these group are not made
available, commercially or otherwise. Only few other resources exist, e.g. the spoken cor-
pora Serbian emotional speech database (GEES), however, these are only available commer-
cially.

Translation technologies

As for MT systems, besides some rudimentary attempts done in the scope of scientific re-
search and products created by “big players” such as Google, there are MT models for German-
Serbian and English-Serbian language pairs (HelsinkiNLP — OPUS-MT).28

Information Extraction and Information Retrieval

The UB/JeRTeH group developed several NER systems for Serbian. Besides the rule- and
lexicon- based system SrpNER that tags fine-grained entities, which works in the Unitex/
Gramlab environment (Krstev et al., 2014), several systems were developed using various
ML methods and tools. One of them is ST pCNNER trained for seven classes of NEs.?°

A web service was developed for query expansion, morphological and semantic, that was
incorporated in several on-line applications, such as Biblisa digital library and the Geological
Projects Library of the Ministry of Mining and Energy.

Some of the mentioned NLP applications and services, and more are available on the
JeRTeh portal that is permanently updated (Sandrih Todorovi¢ et al., 2021),%° e. g. BilTE for
the bilingual terminology extraction (Sandrih et al., 2020), NER&Beyond?! for the harmoni-
sation of different annotation tagsets and Serbian NER models, feature extraction for good
dictionary examples (Stankovic et al., 2019). Several students projects are also published:

25 UDPipe (https://lindat.mff.cuni.cz/services/udpipe/)

26 CLASSLA (https://pypi.org/project/classla/)

27 AlphaNum (https://www.alfanum.co.rs)

28 See Footnote 11.

29 SrpCNNER - Named Entity Recogniser for Serbian at ELG (https://www.european-language-grid.eu)
30 JeRTeh portal (http://portal.jerteh.rs)

31 NER&Beyonf (http://nerbeyond.jerteh.rs)
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Baby WordNet: Python Wordnet Interface for English; Hate Speech Detection for Serbian
based on developed models and lexicons; and Text Generator for Serbian.

4.3 Projects, Initiatives, Stakeholders

The document Strategy for the Development of Artificial Intelligence in the Republic of Serbia
for the period 2020-2025 was adopted by the Government in 2019 (StrategyAl, 2019). In this
document, NLP is recognised as one of the important AI applications, and it is emphasised
that priorities should also include fields that do not necessarily have an immediate economic
effect, such as language. One of the goals set in this document is the foundation of the Insti-
tute for AI®2, which is in its initial stage of its work, with natural language understanding as
one of its research areas.

However, there is still no LT-related funding in Serbia. The funding of national scientific
and research projects has changed in the last two years, and they are now under the respon-
sibility of the Science Fund of the Republic of Serbia and the Republic of Serbia Innovation
Fund. In the few calls issued so far, just a few projects related to languages were found,
although there were a number of applications: in the scope of the call, Ideas (dedicated to
all sciences) two projects related to Serbian were adopted, but neither of them has LT as its
primary goal. In the scope of the AT call one project related to speech processing and one re-
motely related to LT were chosen for funding, while in the scope of the Promis call dedicated
to young researchers, the chosen projects are related neither to the Serbian language nor to
LT for Serbian.

Researchers in Serbia, mostly affiliated with the state universities, primarily at the Univer-
sities of Belgrade, Novi Sad and Ni§ and research institutes (Institute of the Serbian Language
of the Serbian Academy of Sciences and Arts), continue their research in LT for Serbian, ei-
ther unfunded or funded by some short-term applied research projects (e. g. Wikipedia, gov-
ernment ministries, etc.). In the last five years these researchers were not involved in ma-
jor international projects, except for ELG, but they participated in some bilateral projects
(e.g. German-Serbian with the topic of hate-speech), and are very active in a number of
COST actions: 1C1207 “PARSEME: PARSing and Multi-word Expression” 2013-21017, CA16204
“Distant Reading for European Literary History” 2017-2022, CA16105 “NexusLinguarum”
2017-2021, CA18209 “European network for Web-centred linguistic data science” 2019-2023,
CA19102 “Language In Human Machine Era (LIHTME)” 2020-2024.

Outside academia there are few LT providers. The largest provider is JeRTeh, whose re-
sources, tools and services were described in Section 4.2. One can mention companies such
as AlphaNum, providing commercial speech technologies and Lexicom, providing some LTs
(mostly lexicons). When government institutions, as well as large national and international
companies have a need for LT, they either try to find solutions offered by the researchers do-
ing LT already, or more often they try to produce in-house solutions.

5 Cross-Language Comparison

The LT field® as a whole has evidenced remarkable progress during the last years. The
advent of deep learning and neural networks over the past decade together with the consid-
erable increase in the number and quality of resources for many languages have yielded re-
sults unforeseeable before. However, is this remarkable progress equally evidenced across
all languages? To compare the level of technology support across languages, we considered

32 Institute for Artificial Intelligence (https://www.ivi.ac.rs)
33 This section has been provided by the editors.
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more than 11,500 language technology tools and resources in the catalogue of the European
Language Grid platform (as of January 2022).

5.1 Dimensions and Types of Resources

The comparative evaluation was performed on various dimensions:

* The current state of technology support, as indicated by the availability of tools and
services3* broadly categorised into a number of core LT application areas:

— Text processing (e. g. part-of-speech tagging, syntactic parsing)
- Information extraction and retrieval (e. g. search and information mining)
- Translation technologies (e. g. machine translation, computer-aided translation)
— Natural language generation (e. g. text summarisation, simplification)
— Speech processing (e. g. speech synthesis, speech recognition)
- Image/video processing (e. g. facial expression recognition)
- Human-computer interaction (e. g. tools for conversational systems)
» The potential for short- and mid-term development of LT, insofar as this potential can
be approximated by the current availability of resources that can be used as training

or evaluation data. The availability of data was investigated with regard to a small
number of basic types of resources:

— Text corpora

— Parallel corpora

— Multimodal corpora (incl. speech, image, video)

- Models

- Lexical resources (incl. dictionaries, wordnets, ontologies etc.)

5.2 Levels of Technology Support

We measured the relative technology support for 87 national, regional and minority Euro-
pean languages with regard to each of the dimensions mentioned above based on their re-
spective coverage in the ELG catalogue. For the types of resources and application areas, the
respective percentage of resources that support a specific language over the total number
of resources of the same type was calculated, as well as their average. Subsequently each
language was assigned to one band per resource type and per application area and to an
overall band, on a four-point scale, inspired by the scale used in the META-NET White Paper
Series, as follows:

1. Weak or no support: the language is present (as content, input or output language) in
<3% of the ELG resources of the same type

2. Fragmentary support: the language is present in >3% and <10% of the ELG resources
of the same type

34 Tools tagged as “language independent” without mentioning any specific language are not taken into account.
Such tools can certainly be applied to a number oflanguages, either as readily applicable or following fine-tuning,
adaptation, training on language-specific data etc., yet their exact language coverage or readiness is difficult to
ascertain.
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3. Moderate support: the language is present in >10% and <30% of the ELG resources
of the same type

4. Good support: the language is present in >30% of the ELG resources of the same type3>

The overall level of support for a language was calculated based on the average coverage
in all dimensions investigated.

5.3 European Language Grid as Ground Truth

At the time of writing (January 2022), the ELG catalogue comprises more than 11,500 meta-
data records, encompassing both data and tools/services, covering almost all European lan-
guages — both official and regional/minority ones. The ELG platform harvests several major
LR/LT repositories®® and, on top of that, more than 6,000 additional language resources and
tools were identified and documented by language informants in the ELE consortium. These
records contain multiple levels of metadata granularity as part of their descriptions.

It should be noted that due to the evolving nature of this extensive catalogue and differ-
ing approaches taken in documenting records, certain levels of metadata captured are not
yet at the level of consistency required to carry out a reliable cross-lingual comparison at
a granular level. For example, information captured on corpora size, annotation type, li-
censing type, size unit type, and so on, still varies across records for many languages, while
numerous gaps exist for others. As the ELG catalogue is continuously growing, the compre-
hensiveness, accuracy and level of detail of the records will naturally improve over time.
Moreover, the Digital Language Equality (DLE) metric will allow for dynamic analyses and
calculations of digital readiness, based on the much finer granularity of ELG records as they
mature.?’

For the purposes of high-level comparison in this report, the results presented here are
based on relative counts of entries in the ELG for the varying types of data resources and
tools/services for each language. As such, the positioning of each language into a specific
level of technology support is subject to change and it reflects a snapshot of the available
resources on January 2022.

That said, we consider the current status of the ELG repository and the higher level findings
below adequately representative with regard to the current existence of LT resources for
Europe’s languages.

5.4 Results and Findings

As discussed above, our analysis takes into account a number of dimensions for data and
tools/services. Table 1 reports the detailed results per language per dimension investigated
and the classification of each language into an overall level of support.

The best supported language is, as expected, English, the only language that is classified in
the good support group. French, German and Spanish form a group of languages with moder-
ate support. Although they are similar to English in some dimensions (e. g. German in terms
of available speech technologies and Spanish in terms of available models), overall they have

35 The thresholds for defining the four bands were informed by an exploratory k-means 4-cluster analysis based on
all data per application and resource type, in order to investigate the boundaries of naturally occurring clusters
in the data. The boundaries of the clusters (i.e. 3%, 10% and 30%) were then used to define the bands per
application area and resource type.

36 Atthe time of writing, ELG harvests ELRC-SHARE, LINDAT/CLARIAH-CZ, CLARIN.SI, CLARIN-PL and HuggingFace.

37 Interactive comparison visualisations of the technology support of Europe’s languages will be possible on the ELG
website using a dedicated dashboard, which dynamically analyses the resources available in the ELG repository,
from the middle of 2022 onwards.
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ELE

Tools and Services

Text Processing
Speech Processing
Image/Video Processing

Information Extraction and IR

Human-Computer Interaction

Translation Technologies

Natural Language Generation

Text Corpora

Language Resources

Multimodal Corpora
Parallel Corpora

Models

Lexical Resources

Overall

Bulgarian
Croatian
Czech
Danish
Dutch
English
Estonian
Finnish
French
German
Greek
Hungarian
Irish
Italian
Latvian
Lithuanian
Maltese
Polish
Portuguese
Romanian
Slovak
Slovenian
Spanish
Swedish

EU official languages

Albanian
Bosnian
Icelandic
Luxembourgish
Macedonian
Norwegian
Serbian

National level

Basque

Catalan

Faroese

Frisian (Western)
Galician
Jerriais

Low German
Manx
Mirandese
Occitan

Sorbian (Upper)
Welsh

(Co-)official languages

Regional level

All other languages

Table 1: State of technology support, in 2022, for selected European languages with regard
to core Language Technology areas and data types as well as overall level of support
(light yellow: weak/no support; yellow: fragmentary support; light green: moderate

support; green: good support)
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not yet reached the coverage that English has according to the ELG platform. All other official
EU languages are clustered in the fragmentary support group, with the exception of Irish and
Maltese, which have only weak or no support. From the remaining languages, (co-)official at
national or regional level in at least one European country and other minority and lesser spo-
ken languages,®® Norwegian and Catalan belong to the group of languages with fragmentary
support. Basque, Galician, Icelandic and Welsh are borderline cases; while they are grouped
in the fragmentary support level, they barely pass the threshold from the lowest level. All
other languages are supported by technology either weakly or not at all. Figure 1 visualises
our findings.
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While a fifth level, excellent support, could have been foreseen in addition to the four levels
described in Section 5.2, we decided not to consider this level for the grouping of languages.
Currently no natural language is optimally supported by technology, i.e. the goal of Deep
Natural Language Understanding has not been reached yet for any language, not even for
English, the best supported language according to our analysis. While recently there have
been many breakthroughs in Al, Computer Vision, ML and LT, we are still far from the grand
challenge of highly accurate deep language understanding, which is able to seamlessly inte-
grate modalities, situational and linguistic context, general knowledge, meaning, reasoning,
emotion, irony, sarcasm, humour, culture, explain itself at request, and be done as required
on the fly and at scale. A language can only be considered as excellently supported by tech-
nology if and when this goal of Deep Natural language Understanding has been reached.

The results of the present comparative evaluation reflect, in terms of distribution and im-

38 In addition to the languages listed in Table 1, ELE also investigated Alsatian, Aragonese, Arberesh, Aromanian,
Asturian, Breton, Cimbrian, Continental Southern Italian (Neapolitan), Cornish, Eastern Frisian, Emilian, Fran-
coProvencal (Arpitan), Friulian, Gallo, Griko, Inari Sami, Karelian, Kashubian, Ladin, Latgalian, Ligurian, Lom-
bard, Lower Sorbian, Lule Sami, Mocheno, Northern Frisian, Northern Sami, Picard, Piedmontese, Pite Sami,
Romagnol, Romany, Rusyn, Sardinian, Scottish Gaelic, Sicilian, Skolt Sami, Southern Sami, Tatar, Tornedalian
Finnish, Venetian, Voro, Walser, Yiddish.
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balance, the results of the META-NET White Paper Series (Rehm and Uszkoreit, 2012). The
complexities of the analyses clearly differ across 2012 and 2022 studies, and as such, a di-
rect comparison between the two studies can therefore not be made. However, we can in-
stead compare the relative level of progress made for each language in the meantime. It
is undebatable that the technology requirements for a language to be considered digitally
supported today have changed significantly (e.g. the prevalent use of virtual assistants, chat
bots, improved text analytics capabilities, etc.). Yet also the imbalance in distribution across
languages still exists.

The results of this analysis are only informative of the relative positioning of languages,
but not of the progress achieved within a specific language. The LT field as a whole has
significantly progressed in the last ten years and remarkable progress has been achieved
for specific languages in terms of quantity, quality and coverage of tools and language re-
sources. Yet, the abysmal distance between the best supported languages and the minimally
supported ones is still evidenced in 2022. It is exactly this distance that needs to be ideally
eliminated, if not at least reduced, in order to move towards Digital Language Equality and
avert the risks of digital extinction.

6 Summary and Conclusions

The overview presented in this deliverable shows that LT for the Serbian language is by no
means neglected. There are research groups that have worked steadily for many years on
producing language resources, tools and applications for Serbian, and new groups and in-
dividuals emerge in the field in recent years. As a result of those development some very
valuable, comprehensive and robust resources and tools were developed. This is true espe-
cially for text corpora, parallel corpora and lexical resources. Speech technologies are well
developed and many valuable applications were built upon them. Several POS taggers, lem-
matisers, as well as NER systems were developed based on state-of-the-art methodologies.
However, in many areas only insufficient or rudimentary resources and tools exist, such as
multimodal corpora, grammars, language models, language generators.

This investigation enabled the comparison of LT for Serbian with English and a few other
well supported languages. Although one can notice certain progress in LT for Serbian in
the last ten years which resulted in the development of more and better resources and tools,
there has been progress in the LT field as a whole that yielded even better resources and tools
for English and a few other languages that were already in the lead. So today one can observe
that despite the progress that has been achieved for Serbian the distance between Serbian
and the well-supported languages has not been reduced. The research also revealed that
the distance of languages close to Serbian spatially, historically and by a number of speak-
ers, such as Bulgarian, Slovene and Croatian to moderate and good supported languages is
smaller, though still large. The policies taken in corresponding countries to promote and to
support LT for their languages can serve as a guide on how to improve LT for Serbian.

Despite valuable achievements Serbian is still a disadvantaged language that carries the
danger that in a few years a Serbian speaker will be excluded from the digital sphere and
s/he will not benefit from the upcoming AI/LT revolution. To prevent this, there is need for
more funding, on both the national and international level. Although the importance of Al
has been recognised in Serbia, and there has been funding dedicated to it, what is needed
is funding dedicated to LT, whether in the scope of Al or not (e. g. theoretical research that
would produce grammars for Serbian applicable to LT). At the international level, Serbian
and other weakly supported languages would benefit from more knowledge transfer projects
that would not aim at mirroring existing solutions for English but rather support production
of adequate resources and tools for endangered languages.
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