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Abstract

This report describes the current situation of Icelandic Language Technology. The digital rev-
olution has had great effects on the environment of the Icelandic language. English is now
everywhere — on the Internet, in smartphones, in computer games, in voice-controlled appli-
cations, etc. This has put Icelandic under great external pressure and threatens the digital
vitality of the language. In order to turn the tables, the Icelandic Government has launched
and financed a four-year Language Technology Programme for Icelandic (LTPI) which started
in 2019.

The SIM consortium, comprising members from academia, NGOs and the private sector,
was formed in order to implement the programme. This consortium has already built and
developed many language resources and tools from scratch and enhanced and improved
a number of pre-existing resources and tools. Among these are a number of text corpora,
both large general purpose corpora and smaller specialised corpora, automatically parsed
corpora and large audio corpora, new or improved taggers and parsers and machine trans-
lation models.

The LTPI is still ongoing and thus, many of its expected deliverables are not yet finalised.
However, prototypes of some of them have been made and look promising. When the pro-
gramme ends by the end of 2022, the situation for Icelandic with respect to language tech-
nology will have improved considerably. However, in spite of this, Icelandic will remain a
low-resourced language compared to most official European languages. Thus, it is extremely
important that R&D work on Icelandic LT will be maintained beyond the current programme.

Utdrattur

Fyrir 10 &rum lét evrépska samstarfsnetid META-NET taka saman skyrslur um st6du mal-
teekni fyrir 30 evrépsk tungumdl - The META-NET White Papers (Rehm and Uszkoreit, 2012).
Ein pessara skyrslna fjalladi um islensku, Islensk tunga d stafreenni é1d / The Icelandic Langua-
ge in the Digital Age (Rognvaldsson et al., 2012). I peirri skyrslu kom fram ad stada islensku
4 pessu svidi veeri mjog bagborin. Islenska var eitt fjdgurra tungumala sem lentu { nedsta
flokki 4 peim fjérum svidum malteekninnar sem voru borin saman, og reyndist standa neest-
verst pessara 30 tungumadla hvad vardar maltaeknistudning.

N1, 10 arum sidar, stendur evropska samstarfsnetid ELE, European Language Equality,
fyrir gerd nyrra skyrslna um nuverandi stédu mdla. Meira en 40 rannséknastofnanir og
héaskolar sem bua yfir sérpekkingu { yfir 30 evrépumadalum hafa tekid hondum saman og safn-
ad gifurlegum upplysingum sem veita géda yfirsyn yfir teeknilegan studning vid tungumalin.
Tilgangurinn er sa ad finna hvar skérinn kreppir og hvada hindranir eru i vegi dframhald-
andi préunar { rannséknum og teekni { padgu tungumalanna. bessi yfirsyn er forsenda fyrir
itarlegum deetlunum um pad hvernig stafraenni jafnstédu evrdpskra tungumadla verdi ndd
ario 2030.

Stada islensku i stafreenum heimi hefur snarversnad undanfarinn aratug vegna ymissa
teeknibreytinga. Tilkoma snjallsima veldur pvi ad margt f6lk er nu sitengt vid enskan menn-
ingarheim i gegnum netid. I stad pess ad horfa 4 islenskar sjénvarpsstédvar par sem allt efni
er talsett eda textad 4 islensku nytir ungt f6lk nu adallega efnis- og streymisveitur eins og
YouTube og Netflix par sem mestallt efni er 4 ensku og frambod islensks efnis af skornum
skammti. Télvuleikir sem alltaf hafa adallega verid 4 ensku eru nu idulega gagnvirkir og
spiladir 4 netinu sem kallar 4 malleg samskipti spilara, oft 4 ensku. Sidast en ekki sist veldur
sprenging i notkun raddstyringar umdamismissi islenskunnar par sem raddstyrd teeki skilja
yfirleitt ekki islensku.

bessi versnandi stada malsins, 4samt dhyggjum vegna peirra upplysinga sem komu fram

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



D1.19: Report on the Icelandic Language ELE

1 skyrslu META-NET um stodu islenskrar maltaekni, leiddi til pess ad arid 2014 var pings-
alyktun um ad gerd skyldi adgerdadeetlun um notkun islensku i stafreenni upplysingateekni
sampykkt einréma 4 Alpingi. I framhaldi af pvi 4kvad rikisstjérnin &rid 2017 ad radast i og
fjarmagna sérstaka maltaeknideetlun til fjogurra dra. bessi daetlun hofst svo sidla ars 2019.

Sjalfseignarstofnuninni Almannardmi var falin umsjon med datluninni, en samid var vid
SIM—hépinn, Samstarf um islenska malteekni, um framkvaemd hennar — naudsynlegt rann-
soknar- og préunarstarf. Pétttakendur i STM eru Haskoli fslands, Haskolinn i Reykjavik,
Stofnun Arna Magnussonar { islenskum freedum, Rikistutvarpid, Blindrafélagid, Hlj6dbdka-
safnid, Creditinfo-Fj6lmidlavaktin og prju sprotafyrirtaeki — Mideind, Tiro og Grammatek.

SIM-hépurinn hefur ni unnid ad framkveemd maélteeknideetlunar i tvo ar og skilad af sér
ymsum afurdum, baedi gagnaséfnum og hugbunadi. Sumt af pessu hefur verio byggt upp fra
grunni en { 66rum tilvikum hafa eldri gégn og bunadur verid aukin og endurbeett. Segja ma
ad neer 6ll malteeknigogn og hugbtinadur sem nu eru til fyrir islensku séu bein eda 6bein
afurd mélteknidaetlunarinnar. Allar afurdir daetlunarinnar eru vistadar i vardveislusafni
CLARIN-IS par sem peer eru 6llum adgengilegar 4n endurgjalds, yfirleitt med stdoludum opn-
um leyfum. Nokkrar peer helstu eru taldar hér & eftir.

Risamadlheildin er safn margvislegra texta, einkum fra sidustu 20 arum, samtals 1,64 millj-
ardar orda. Steerstur hluti textanna er ur daghlodum og vefmidlum en par eru einnig Al-
pingisraedur, domar, fraedslutextar af Visindavefnum og Wikipediu, og fleira. Textarnir eru
malfraedilega greindir og peim fylgja margvislegar bokfraedilegar upplysingar.

Tveer storar vélpattadar malheildir eru til. GreynirCorpus hefur ad geyma 10 milljonir
setninga sem hafa verid stofnhlutagreindar i setningatré. Samtimalegi islenski trjdbankinn
inniheldur 30 milljénir setninga ur Risamadlheildinni sem hafa verid pattadar med tauganets-
pattara.

Einnig eru til ymsar smeerri méalheildir til sérhaefdra nota, svo sem Islenska villumdlheildin
med textum par sem margvislegar villur hafa verid merktar, Islenska lesblinduvillumdlheild-
in med villugreindum textum skrifudum af lesblindum, og Islenska bannordamdlheildin med
ovideigandi eda gildishlé6dnum ordum.

Helsta samhlida madlheildin fyrir islensku er Parlce sem hefur ad geyma samskipada texta
4 islensku og ensku, alls 3,5 milljon pydingareininga. Einnig er til risastér bakpydd pjalf-
unarmadlheild fyrir tauganetspydingar (44,7 milljénir setninga ur ensku og 31,3 milljénir ur
islensku).

Faein hlj6dsofn eru til, einkum Talrémur, upptékur af atta malhéfum, samtals 12.780 min-
utur, og Mdlréomur, raddsyni fra 563 malh6fum, samtals 9.000 minutur. Gridarstort safn,
Samrémur, er nu i uppbyggingu med adferdum hépvirkjunar. I névember voru komin inn
raddsyni fra 22.000 malh6fum, samtals 135.000 minutur.

Beygingarlysing islensks nuitimamdls hefur verid 1 préun undanfarin 20 &r en hefur verio
uppfeerd innan maltaeknidetlunarinnar. Hun hefur ad geyma um 305 pusund uppflettiord
og rumlega sex milljonir beygingarmynda. BIN-kjarni hefur ad geyma beygdan grunnorda-
forda malsins, um 58 pusund ord.

Onnur mikilveeg ordaséfn eru Islensk framburdarordabék med 59 pusund hljédritudum
ordmyndum og Islensk ordskiptingaskrd med 218 pusund ordum par sem moguleg linuskipt-
ing er synd. Islensk niitimamdlsordabék med 56 pusund ordum er einnig i vardveislusafni
CLARIN-IS en hefur ekki verid unnin innan malteeknideetlunarinnar.

Ymiss konar hugbtnadur til malfraedilegrar greiningar hefur verid préadur. bar m4 helst
nefna tvo hugbunadarvondla sem hvor um sig inniheldur ymis forrit. IceNLP var upphaflega
gerdur 4 arunum 2005-2008 og inniheldur tilreidara, markara, lemmald og grunnpattara.
Greynir er nyrri vondull sem pattar texta, greinir lemmur, beygir nafnlioi, greinir i oroflokka
ofl

Auk bessa ma nefna ABL Tagger sem nar 96,95% ndkvemni i morkun texta og medfylgj-
andi lemmald sem ner 98,3% ndkveemni { lemmun. Einnig hafa tveir tauganetspattarar
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verid préadir; Tauganetspdttari Mideindar og Islenska tauganetspdttunarpipan. Badir byggj-
ast 4 Berkeley tauganetspattaranum.

Fyrir 10 &rum proadi Google talgreiningu fyrir islensku, { samvinnu vid islenska visinda-
menn. Um svipad leyti gerdi polska fyrirteekid Ivona, sem nu er i eigu Amazon, islenskan
talgervil fyrir Blindrafélagid. bessi bunadur hefur nyst vel en parfnast endurnyjunar og er
auk pess ekki opinn. Ymis bunadur til talgreiningar og talgervingar er i smidum innan mél-
teeknideetlunarinnar en er ekki enn kominn 4 markaad.

Vélpydingar eru eitt af dherslusvidum malteeknideetlunarinnar og ymis stodtdl til vélpyo-
inga hafa verid utbuin. Mideind hefur unnid ad préun tauganetspydinga milli islensku og
ensku sem lofa mjog géou. Opnud hefur verid vefsida par sem fdlk getur 1atid kerfié pyoa
texta.

I Stefnu Islands um gervigreind sem var gefin ut { april 2021 er sérstaklega tekid fram ad
til pess ad islenska standi jafnfaetis 66rum tungumalum i heiminum sé naudsynlegt ad proa
innvidi sem tryggi ad huin verdi nothef i heimi teekninnar. I stjérnarsattmala nyrrar rik-
isstjéornar sem tok vid voldum 1 lok névember 2021 segir ad afram verdi unnid ad pvi ad
styrkja stodu islenskunnar i stafreenum heimi medé dherslu 4 mélteekni, og markasetlun um
samfélagslegar dskoranir, m.a. 4 svidi maltaekni, verdi haldid afram allt kjortimabilid.

Maélteeknideaetlun stjérnvalda hefur verid mikil lyftistong fyrir islenska méltaekni. Fyrir ut-
an pad ad byggja upp gogn og proa hugbunad eins og lyst er hér ad framan hefur méltaekni-
deetlunin leitt saman hdaskola, rannsoknastofnanir, félagasamtok og fyrirteeki sem hafa att
mjog frjda og drangursrika samvinnu. Fj6ldi rannsakenda og stidenta sem vinna ad mal-
teekniverkefnum hefur margfaldast, og stidentum i malteeknindmi fjolgad ad mun. bad er
gifurlega mikilveegt ad pessu starfi verdi haldié afram. Vinnu ad pvi ad gera islensku jafn-
setta 60rum tungumadalum i stafreenum heimi lykur aldrei.

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.
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2 The Icelandic Language in the Digital Age

2.1 General Facts

Icelandic is a North Germanic language with its roots in Old Norse. It is the only official
language of Iceland apart from Icelandic Sign Language. Even though it is only spoken in
Iceland and only by around 370,000 people, it is not considered endangered according to
UNESCO’s Language Vitality Scales? or EGIDS.? Icelandic has until very recently been the
first language of virtually all inhabitants. The language community is very homogeneous,
and dialectal variation is negligible. Icelanders are known for their language purism and
during the past thousand years, Icelandic has changed less than related languages, although
the changes are more extensive than commonly believed.

Icelandic is a morphologically rich language. Nouns and pronouns inflect for case and
number, and can have one of three genders. Adjectives inflect for case, number, gender,
definiteness, and grade. Verbs are conjugated for person, number, mood, tense and voice.
The language is fusional, such that a single ending usually stands for more than one mor-
phological category. The inflectional system is further complicated by a great number of
inflectional and conjugational classes, such that the same morphological category, or com-
bination of categories, is represented by a number of different endings depending on the
stem.

Typologically, Icelandic is a SVO (subject-verb-object) language with a strong V2 rule that
requires the verb to appear in the second (or first) position of the sentence. However, be-
cause of the rich inflectional system, word order is relatively free; certain words can be
moved around without the meaning of the sentence being altered or lost. The large number
of inflectional forms, the free word order, and productive word formation processes make
morphosyntactic tagging quite a challenge. The most widely used Icelandic tagset contains
around 700 different morphosyntactic tags, but a simplified version has recently been devel-
oped.

The Icelandic alphabet is based on the Latin alphabet with a number of additions, espe-
cially vowel symbols with an acute accent, d é i 6 iy A E 1 O U'Y, and the vowel symbols
@ Z and 6 O which are also used in a number of other languages. Furthermore, Icelandic
employs two more eccentric symbols — d D (eth, not to be confused with “d with a stroke”, d)
which is also used in Faroese, and p b (thorn) which is not used in any other language.

A few years ago, it could be maintained that Icelandic was used — and was in fact the only
language used —in all spheres of society: in government and administration; in education; in
business and commerce; in the mass media; in cultural life; on the Internet; and in ordinary
face-to-face communication. According to all vitality scales, the language should therefore
be safe, but in the last decade or so, Iceland has gone through dramatic societal and techno-
logical changes which have led to a massive increase in the use of English in the Icelandic
language community and thus an increase in the external pressure on the language.

In the last decade, Iceland had an explosion in tourism. As a result, advertisements, signs,
menus etc. are often directed towards tourists and thus only in English. A number of cul-
tural events are also introduced and performed in English to attract tourists. The number
of foreign workers has grown considerably — people of foreign origin now amount to more
than 15% of the population and many of them work in restaurants or shops where they have
to communicate with customers, usually in English. English is also increasingly being used
in higher education — more and more university courses are taught in English. Furthermore,
ongoing globalisation might affect young people’s attitudes towards Icelandic — they want to
study abroad, work abroad and live abroad and know that Icelandic is of little use outside

https://ich.unesco.org/doc/src/00120-EN.pdf

3 https://www.ethnosproject.org/expanded-graded-intergenerational-disruption-scale/

WP1: European Language Equality — Status Quo in 2020/2021 4


https://ich.unesco.org/doc/src/00120-EN.pdf
https://www.ethnosproject.org/expanded-graded-intergenerational-disruption-scale/

D1.19: Report on the Icelandic Language ELE
Iceland.

2.2 Icelandic in the Digital Sphere

Iceland has the highest percentage of Internet users in Europe. In 2020, 98% of Icelandic
households had Internet access.* In the same year, 68,344 websites had .is as the top level
domain.®> The Internet, smartphones and tablets have revolutionised the daily lives of peo-
ple, especially children and teenagers who are now online 24/7, so to speak. They are directly
connected to the digital world which is for the most part in English. Icelandic is sufficiently
represented on the Internet, with a number of media websites and an Icelandic Wikipedia,
for instance, but most people also frequently visit news sites in English, access various types
of information in English, etc. Even though Icelandic is the main language used on social
media, English is also prominent.

Research has shown that the majority of children and young people no longer watch old-
fashioned linear TV but watch material from service and content providers like Netflix and
YouTube instead. This is important since all programs on Icelandic TV are in Icelandic —
either dubbed, as all programs intended for young children, or with Icelandic subtitles. Net-
flix and YouTube, on the other hand, offer very limited material in Icelandic, although the
situation has improved somewhat in the past two years.

Computer games, which are especially played by young people, are overwhelmingly in
English. They are becoming more and more interactive, which means that players are not
only reacting to actions in the game, as used to be the case, but communicating — either with
the game itself, or with other players. Since these players may be spread around the globe,
the language of communication is often English.

The technological change that might have the most far-reaching consequences for Ice-
landic, is the ongoing explosion in the use of voice control. A few years ago, Icelandic au-
thorities started to realise what this would entail for speakers of a language like Icelandic,
which has up to now not been usable within this new technology. The main reason for estab-
lishing the LTPI, which started in 2019, was to make Icelandic usable in the digital sphere and
both speech recognition and speech synthesis are among the core areas of the programme.

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 specialized
field known as Computational Linguistics (CL), Natural Language Processing (NLP) or, more
generally, Language Technology (LT). While there are differences in focus and orientation,
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-

4 https://www.statista.com/statistics/185663/internet-usage-at-home-european-countries/

https://www.isnic.is/is/tolur

6 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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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 Al 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-
mationin large collections of unstructured material, such as the internet, and providing
the documents or text snippets that include the answer to a user’s query.

* 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.
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* 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 Icelandic

The Icelandic Government launched the LTPI in September 2019 (Nikulasdottir et al., 2017).
The resources and tools built within this programme are available for free under standard
open licenses. Most of the existing resources and tools for Icelandic are direct or indirect
outputs of this programme (Nikuldsdottir et al., 2020). Many of them have been built from
scratch, but in other cases, existing resources and tools have been updated and enhanced.
Thus, they are all up to date. A number of the most important language resources and tools
are briefly described below, but a more detailed description of most of them can be found in
(Nikulasdottir et al., 2022). Almost all of these resources and tools are stored in the CLARIN-IS
repository.?

4.1 Language Data
Monolingual Text Corpora

The Icelandic Gigaword Corpus (IGC) is a monolingual corpus comprising almost 1.9 billion
tokens. Most of the texts are from 2001-2020. They represent different genres, although the
majority consists of newspaper articles and transcribed radio and television news. Other
important genres are social media texts, parliamentary speeches and adjudications. The Ice-
landic Wikipedia is also included, in addition to a number of smaller genres. However, tran-
scribed spoken language texts are severely underrepresented. The corpus is morphosyntac-
tically tagged and contains various information on the source texts. A number of subcorpora

7 In a recent report from 2021, the global LT market was already valued at USD 9.2 hillion in 2019 and is
anticipated to grow at an annual rate of 18.4% from 2020 to 2028 (https://www.globenewswire.com/news-
release/2021/03/22/2196622/0/en/Global-Natural-Language-Processing-Market-to-Grow-at-a-CAGR-o0f-18-4-
from-2020-t0-2028.html). A different report from 2021 estimates that amid the COVID-19 crisis, the global
market for NLP was at USD 13 billion 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).

https://repository.clarin.is
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have also been made available separately (adjudications, books, journals, laws, parliamen-
tary speeches, social media).

A few parsed corpora exist, with most of them having been automatically parsed. Greynir-
Corpus contains 10 million sentences from news sources which have been parsed into full
constituency trees. It is accompanied by a gold standard corpus of 5,000 manually parsed
sentences. The Icelandic Contemporary Corpus is a constituency parsed corpus built by using
an Icelandic model of the Berkeley Neural Parser and containing 30 million clauses from the
IGC.

Even though some of the above-mentioned corpora are fairly large, they are far from be-
ing large enough to develop and train AI models. Furthermore, some important genres are
missing. Thus, spoken language is only a small fragment of the IGC and not present at all
in the other corpora. It is very important to build corpora including these genres but it is
expensive and accessing relevant data is difficult, not least because of GDPR issues.

In addition to these general purpose corpora, a number of small specialised corpora have
been developed, such as the Icelandic Error Corpus which is a collection of texts in modern
Icelandic annotated for mistakes related to spelling, grammar, and other issues (4,046 texts
with 56,956 error instances classified into 253 categories); the Icelandic Dyslexia Error Corpus
(26 texts with 5,730 categorized error instances); and the Icelandic Taboo Database which is
a list of words that may in some way be considered inappropriate, taboo and/or loaded in
use or meaning (2,724 words).

Bi- and Multilingual Text Corpora

There exists a number of bilingual English-Icelandic corpora. Most of them are domain-
specific corpora from ELRC and are not aligned. Furthermore, they are rather small, with the
exception of corpora from the ParaCrawl Project.’ However, a few general purpose aligned
corpora exist, the most important being ParIce with 3.5 million translation units. There is
also a synthetic back-translated training corpus for neural machine translation containing
76 million translation units. It is evident that much larger bilingual corpora are needed,
especially between Icelandic and English but also between Icelandic and other languages
such as Icelandic and Polish.

Multimodal Corpora

A few audio corpora exist. The most important one is Talrémur which consists of 122,417
short audio clips of eight different speakers reading short sentences — 12,780 minutes in to-
tal. Another is Mdlromur which contains voice samples from 563 individuals, around 9,000
minutes. However, a large crowdsourcing project, Samromur, is now ongoing. In November,
a total of 1.55 million sentences from 22,000 speakers had been recorded, 135,000 minutes
in all. At the end of the project, all the recordings will be made available for free as other
deliverables of the LTPI.
No video corpora have been built for Icelandic.

Lexical/Conceptual Resources

The Database of Modern Icelandic Inflection (DMII) is supposed to contain the inflectional
paradigms of the whole vocabulary of Icelandic. The development of this resource started in
2002, and it has contributed to most language resources and tools that have been developed
for Icelandic, either directly or indirectly. The current version has a vocabulary of approx.

9 https://paracrawl.eu
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305,000 lemmas, 6.2 million inflectional forms. The DMII Core is an extract of DMII and
contains the core vocabulary of Modern Icelandic, around 58,000 entries.

The Dictionary of Contemporary Icelandic is a monolingual dictionary with 56,000 entries
which is constantly being updated. Sound files with recordings of all the headwords in the
dictionary are also available. Other important resources are Icelandic Pronunciation Dictio-
nary with 59,000 entries, Icelandic Hyphenation Dictionary with 218,000 entries, and Icelandic
Term Bank containing 104,000 entries from 41 different term collections covering widely dif-
ferent fields.

Models and Grammars

The company Mideind, which is a member of the SIM Consortium, is developing AI models
for machine translation and some of them are already available, such as GreynirTranslate —
MBART25 NMT, general domain IS-EN and EN-IS translation models based on a multilingual
BART model. Icegrams is a package that encapsulates a large trigram library for Icelandic
(14 million unique trigrams and their frequency counts). However, much larger and better
models are clearly needed for developing various LT applications.

4.2 Language Technologies and Tools
Text Analysis

There exist a number of tools for analysing Icelandic text. Among them are two packages
that each include various tools. IceNLP is a package which was originally developed be-
tween 2005-2008 and contains a tokeniser, part-of-speech tagger, a lemmatiser, and a shal-
low parser. Some of these components have recently been updated. Greynir is a more recent
package that can parse text into constituency trees, find lemmas, inflect noun phrases, assign
part-of-speech tags and more. It uses a tokeniser by the same authors.

ABL Tagger is a part-of-speech tagger that achieves an accuracy of 96.95% using the MIM-
Gold tagset. It is accompanied by a lemmatiser which achieves an accuracy of 98.3%. The
Icelandic Neural Parsing Pipeline includes all steps necessary for parsing plain Icelandic text.
The preprocessing step consists of tokenization, both punctuation and matrix clause split-
ting. The parsing step consists of an Icelandic model of the Berkeley Neural Parser which
reports an 84.74 F1 score. The Mideind Neural Constituency Parser is an experimental vari-
ant of the Berkeley Neural Parser architecture.

Speech Processing

Ten years ago, Google developed speech recognition for Icelandic in cooperation with Ice-
landic researchers. Around the same time, a speech synthesiser for Icelandic was developed
by the Polish company Ivona which is now a subsidiary of Amazon. Although these applica-
tions have been very useful, they are now outdated and furthermore privately owned which
severely limits their use. A number of tools for speech processing are currently being devel-
oped within the LTPI, among them both a new speech recogniser and a speech synthesiser,
but these tools are not yet publicly available although prototypes of them have been publicly
demonstrated.

Embla is the first voice assistant app for the Icelandic language, available both for iPhone
and Android smartphones. It combines a speech recogniser, a speech synthesiser and the
Greynir tool which it uses to search for answers to questions that the user poses. When the
answer is found it is formulated in the correct Icelandic phrase taking into account inflection
and other grammatical features. Finally a fully-formatted response is sent to the synthesiser.
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Translation Technologies

Machine translation is one of the core areas in the LTPI. Mideind has been developing a trans-
lation system between English and Icelandic using neural networks. Although this system is
still under development, it already gives very promising results. The pilot version is offered
as a web-based service.!?

Information Extraction and Information Retrieval

Greynir extracts information from Icelandic text which allows natural language querying
of that information and facilitates natural language understanding. Greynir periodically
scrapes chunks of text from Icelandic news sites on the web. The text is tokenised, tagged
and parsed according to a hand-written context-free grammar for Icelandic. The resulting
parse trees are then stored in a database and processed by grammatical pattern matching
modules to obtain statements of fact and relations between stated facts.

Language Generation and Summarisation

Tools for Language Generation and Summarisation are lacking.

Human-Computer Interaction

With the exception of the Embla voice assistant app described above, there is a lack of tools
for Human-Computer Interaction.

All deliverables of the LTPI will be deposited to the CLARIN-IS repository.!! They can be
downloaded from the repository for free, most of them under standard open licenses, and
used in any kind of application. Since the LTPI will continue until the end of 2022, a number
of resources and tools will be built and developed in the next months. Some of them already
exist in demo or prototype versions but have not been made publicly available.

Most of the deliverables of the programme up to now have been basic language resources
and tools, such as text and audio corpora and various tools for text analysis. A few such
resources and tools existed previously but have been greatly enhanced or replaced by new
and better ones. Advanced applications built on these resources and tools, such as speech
recognisers, speech synthesisers, spell and grammar checkers and machine translation sys-
tems are under development within the programme. Prototypes or demo versions of most
of them have already been made and are offered as web-based applications. There is no
reason to doubt that mature versions of these applications will be available by the end of the
programme.

4.3 Projects, Initiatives, Stakeholders

The Icelandic Government published an Al strategy document in April 2021.2 The docu-
ment describes three pillars on which the Al policy for Iceland shall rest. The first is that Al
should be for the benefit of everyone. The report points out that there are many potential
situations in which decisions made by Al systems may have ethical and moral implications,
and suggests guiding values along with a framework for evaluating such circumstances. The
importance of developing LT resources and tools for Icelandic is explicitly mentioned.

10 https://velthyding.is

11 https://repository.clarin.is

12 https://www.stjornarradid.is/library/01--Frettatengt---myndir-og-skrar/FOR/Fylgiskjol-i-frett/
Stefnafslandsumgervigreind

WP1: European Language Equality — Status Quo in 2020/2021 10


https://velthyding.is
https://repository.clarin.is
https://www.stjornarradid.is/library/01--Frettatengt---myndir-og-skrar/FOR/Fylgiskjol-i-frett/Stefna Íslands um gervigreind
https://www.stjornarradid.is/library/01--Frettatengt---myndir-og-skrar/FOR/Fylgiskjol-i-frett/Stefna Íslands um gervigreind

D1.19: Report on the Icelandic Language ELE

To ensure the competitiveness of Iceland’s private sector, which is the policy’s second pil-
lar, the report suggests methods for supporting and incentivising increased digitisation of
industry. Al technologies are capable of enabling solutions to complex problems that have
previously been uneconomical to solve using manpower in countries with a low population.
The third pillar is education. A future of continuous education, local expertise in Al, and op-
portunities for adapting Al technologies to Iceland’s industrial needs, needs to be ensured.

As mentioned above, the five year Government-funded LTPI started in 2019. The estimated
total cost of the Programme is around 20 million Euros. The aim of this project is both to build
basic language resources and tools and to develop a number of practical applications. Em-
phasis is laid on five core areas: Speech synthesis, speech recognition, spell and grammar
checking, machine translation, and language resources. Furthermore, a strategic research
and development programme for language and technology has been established and LT ed-
ucation has been strengthened.

In the policy statement of the new Government that took office in November 2021,'3 it is
explicitly stated that the Government will continue supporting the development of Icelandic
LT after the LTPI expires and the strategic R&D programme will be prolonged throughout the
current election period, until 2025.

The self-owned foundation Almannarémur'* (‘voice of the people’) was entrusted with the
role of conducting the five above-mentioned core tasks. Almannarémur was founded in
2014 with the purpose of developing LT solutions for Icelandic. The initiative came from
people in academia who had been working on LT but wanted to get more people involved,
and especially to reach out to other sectors of the society.

The founding members were over 20 — universities and research institutions, IT compa-
nies, financial institutions, insurance companies, energy companies, companies in the travel
industry, and organizations of disabled people. The main emphasis was on raising aware-
ness among companies, politicians and the general public on the opportunities of LT and the
importance of LT for the future of the Icelandic language.

Almannarémur, in turn, commissioned the SIM Consortium'® to carry out the research and
development work necessary for this project. The SIM Consortium consists of two univer-
sities, University of Iceland and Reykjavik University, the Arni Magnusson Institute for Ice-
landic Studies, the National Broadcasting Service, the Association of the Visually Impaired,
the Icelandic Audio Library, one established private company and three startup IT compa-
nies.

The SIM Consortium comprises practically all institutions, companies, and people that
have been active within LT in Iceland for the past two decades — researchers, developers
and language LT users are well represented in the Consortium.

One of the STM members, the University of Iceland, participated in the EU-funded PRINCI-
PLE project from 2019-2021.16 The main aim of the project was to identify, collect and process
high-quality Language Resources for four under-resourced languages (Icelandic, Croatian,
Irish and Norwegian). Furthermore, the University of Iceland participates in the ELRC and
has collected bilingual data from various public organisations.

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-

13 https://www.stjornarradid.is/library/05-Rikisstjorn/Agreement2021.pdf
14 https://almannaromur.is/en

15 https://icelandic-1t.gitlab.io

16 https://principleproject.eu

This section has been provided by the editors.
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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
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
services'® 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

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

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 type'?

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 higherlevel 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.

19 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.

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

21 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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Tools and Services Language Resources

Text Processing

Speech Processing
Image/Video Processing
Information Extraction and IR
Human-Computer Interaction
Translation Technologies
Natural Language Generation
Text Corpora

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

All other languages

(Co-)official languages

Regional level

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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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
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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< X~ < ©
= g - B
5 3 ] <
= % = =

2

s @
b
s 2
v ©
v =

Bosnian I

Engl
German
Spanish

French

Finnish

Ital
Portuguese
Swedish
Catalan
Greek
Hungari
Roman
Eston
Dan
Norwegi
Lithuani
Czech
Latvi
Bulgarian
Slovenian
Croatian

Basque

Galician

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,

22 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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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-
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

Ten years ago, the META-NET White Paper on Icelandic highlighted the alarming status of
Icelandic LT. Icelandic was one of only four languages receiving the lowest score in all four
categories that were evaluated. At that time, funding for R&D in Icelandic LT was nonexis-
tent, no companies were developing or offering LT products, and the digital future of Ice-
landic didn’t look bright. The results of the White Paper raised concerns among politicians
and the public and were discussed in the Icelandic Parliament in 2012. In 2014, the Parlia-
ment unanimously adopted a resolution on the necessity of making Icelandic usable in the
digital domain. This eventually resulted in the implementation and financing of the LTPI.

The LTPI has revolutionised the situation in Icelandic LT. The forming of the SIM Consor-
tium, which was an indirect result of the programme, has led to a very fruitful cooperation
among all stakeholders. Researchers who used to work individually on small projects now
work together on implementing projects on a much bigger scale. The number of researchers
and students involved in LT has multiplied and new startup companies have grown out of
the programme. As described above, many important resources and tools have been built
and developed in the two years since the programme started. However, there is still a long
way to go. It is to be hoped that the LTPI will deliver high-quality applications that will be
welcomed by the public and contribute to the digital vitality of Icelandic.

But even if they do, Icelandic will still be lagging behind the larger European languages.
When the LTPI ends, Icelandic will still lack a number of important resources such as spo-
ken language corpora; parallel corpora (Icelandic and other languages than English, such as
Polish and the Scandinavian languages); corpora for different purposes (sentiment analysis,
question answering, summarisation); annotated multimodal coprora; and term lists.

Furthermore, Icelandic will lack tools for sentiment analysis; summarisation; question
answering; natural language understanding; natural language generation; dialogue man-
agement; disambiguation; translation between Icelandic and other languages than English;
speech translation; automatic subtitling; specialised speech recognition (child language, non-
native Icelandic, real-time subtitling); advanced speech synthesis (intonation, empathy); spe-

WP1: European Language Equality — Status Quo in 2020/2021 16



D1.19: Report on the Icelandic Language ELE

cialised speech synthesis (children’s voices); specialised grammar checking (for teaching,

dyslexic people, non-native speakers) — and a number of other resources and tools.
Hopefully, the Government will keep its promise to support the continuation of the LTPI,

but a large-scale European cooperation would be a very welcome assistance in filling these

gaps.
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