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Executive Summary

Many European languages run the risk of becoming victims of the
digital age because they are underrepresented and under-resourced
online. Huge regional market opportunities remain untapped today
because of language barriers. If we do not take action now, many
European citizens will become socially and economically disadvan-
taged because they speak their native language.

Innovative language technology (LT) is an intermediary that will
enable European citizens to participate in an egalitarian, inclusive
and economically successful knowledge and information society.
Multilingual language technology will be a gateway for instanta-
neous, cheap and effortless communication and interaction across
language boundaries.

Today, language services are primarily offered by commercial pro-
viders from the US. Google Translate, a free service, is just one
example. The recent success of Watson, an IBM computer system
that won an episode of the Jeopardy game show against human
candidates, illustrates the immense potential of language technol-
ogy. As Europeans, we have to ask ourselves several urgent ques-
tions:

O Should our communications and knowledge infrastructure be
dependent upon monopolistic companies?

O Can we truly rely on language-related services that can be im-
mediately switched off by others?

O Are we actively competing in the global market for research and
development in language technology?

O Are third parties from other continents willing to address our
translation problems and other issues that relate to European
multilingualism?

O Can our European cultural background help shape the know-
ledge society by offering better, more secure, more precise,
more innovative and more robust high-quality technology?

This whitepaper for the Czech language demonstrates that a lively
language technology industry and research environment exists.
Although a number of technologies and resources for the Czech
language exist, there are fewer technologies and resources for the
Czech language than for the English language. The existing tech-
nologies and resources also have a poorer quality.

According to the assessment detailed in this report, immediate
action must occur before any breakthroughs for the Czech language
can be achieved.






A Risk for Our Languages and a
Challenge for Language Technology

We are witnesses to a digital revolution that is dramatically impact-
ing communication and society. Recent developments in digitised
and network communication technology are sometimes compared
to Gutenberg’s invention of the printing press. What can this an-
alogy tell us about the future of the European information society
and our languages in particular?

After Gutenberg’s invention, real breakthroughs in communication
and knowledge exchange were accomplished by efforts like Lu-
ther’s translation of the Bible into common language. In subse-
quent centuries, cultural techniques have been developed to better
handle language processing and knowledge exchange:

O the orthographic and grammatical standardisation of major
languages enabled the rapid dissemination of new scientific and
intellectual ideas;

O the development of official languages made it possible for citi-
zens to communicate within certain (often political) boundaries;

O the teaching and translation of languages enabled an exchange
across languages;

O the creation of journalistic and bibliographic guidelines assured
the quality and availability of printed material;

O the creation of different media like newspapers, radio, televi-
sion, books, and other formats satisfied different communica-
tion needs.

In the past twenty years, information technology helped to auto-
mate and facilitate many of the processes:

O desktop publishing software replaces typewriting and typeset-
ting;

O Microsoft PowerPoint replaces overhead projector transparen-
cies;

O e-mail sends and receives documents faster than a fax machine;
O Skype makes Internet phone calls and hosts virtual meetings;

O audio and video encoding formats make it easy to exchange
multimedia content;

O search engines provide keyword-based access to web pages;

O online services like Google Translate produce quick and ap-
proximate translations;

O social media platforms facilitate collaboration and information
sharing.

Although such tools and applications are helpful, they currently
cannot sufficiently implement a sustainable, multilingual European
information society, a modern and inclusive society where informa-
tion and goods can flow freely.

Language Borders Hinder the European
Information Society

We cannot precisely know what the future information society will
look like. When it comes to discussing a common European energy
strategy or foreign policy, we might want to listen to European

We are currently witnessing a
digital revolution that is compa-
rable to Gutenberg’s invention of
the printing press.



foreign ministers speak in their native language. We might want a
platform where people, who speak many different languages and
who have varying language proficiency, can discuss a particular
subject while technology automatically gathers their opinions and
generates brief summaries. We also might want to speak with a
health insurance help desk that is located in a foreign country.

It is clear that communication needs have a different quality as
compared to a few years ago. In a global economy and information
space, more languages, speakers and content confront us and re-
quire us to quickly interact with new types of media. The current
popularity of social media (Wikipedia, Facebook, Twitter and You-
Tube) is only the tip of the iceberg.

Today, we can transmit gigabytes of text around the world in a few
seconds before we recognize that it is in a language we do not
understand. According to a recent report requested by the Euro-
pean Commission, 57% of Internet users in Europe purchase goods
and services in languages that are not their native language. (Eng-
lish is the most common foreign language followed by French,
German and Spanish.) 55% of users read content in a foreign lan-
guage while only 35% use another language to write e-mails or post
comments on the web.! A few years ago, English might have been
the lingua franca of the web—the vast majority of content on the
web was in English—but the situation has now drastically changed.
The amount of online content in other languages (particularly
Asian and Arabic languages) has exploded.

An ubiquitous digital divide that is caused by language borders has
surprisingly not gained much attention in the public discourse; yet,
it raises a very pressing question, “Which European languages will
thrive and persist in the networked information and knowledge
society?”

Our Languages at Risk

The printing press contributed to an invaluable exchange of infor-
mation in Europe, but it also led to the extinction of many Euro-
pean languages. Regional and minority languages were rarely
printed. As a result, many languages like Cornish or Dalmatian
were often limited to oral forms of transmission, which limited
their continued adoption, spread and use.

The approximately 60 languages of Europe are one of its richest
and most important cultural assets. Europe’s multitude of lan-
guages is also a vital part of its social success.2 While popular lan-
guages like English or Spanish will certainly maintain their pres-
ence in the emerging digital society and market, many European
languages could be cut off from digital communications and be-
come irrelevant for the Internet society. Such developments would
certainly be unwelcome. On the one hand, a strategic opportunity
would be lost that would weaken Europe’s global standing. On the
other hand, such developments would conflict with the goal of
equal participation for every European citizen regardless of lan-
guage. According to a UNESCO report on multilingualism, lan-
guages are an essential medium for the enjoyment of fundamental
rights, such as political expression, education and participation in
society.3

A global economy and information
space confronts us with more lan-
guages, speakers and content.

Which European languages will
thrive and persist in the networked
information and knowledge
society?

The wide variety of languages in
Europe is one of its most important
cultural assets and an essential part
of Europe’s success.



Language Technology is a Key Enabling
Technology

In the past, investment efforts have focused on language education
and translation. For example, according to some estimates, the
European market for translation, interpretation, software localisa-
tion and website globalisation was € 8.4 billion in 2008 and was
expected to grow by 10% per annum.4 Yet, this existing capacity is
not enough to satisfy current and future needs.

Language technology is a key enabling technology that can protect
and foster European languages. Language technology helps people
collaborate, conduct business, share knowledge and participate in
social and political debates regardless of language barriers or com-
puter skills. Language technology already assists everyday tasks,
such as writing e-mails, conducting an online search or booking a
flight. We benefit from language technology when we:

O find information with an Internet search engine;
check spelling and grammar in a word processor;
view product recommendations at an online shop;

hear the verbal instructions of a navigation system;

[ I I R

translate web pages with an online service.

The language technologies detailed in this paper are an essential
part of innovative future applications. Language technology is typi-
cally an enabling technology within a larger application framework
like a navigation system or a search engine. These white papers
focus on the readiness of core technologies for each language.

In the near future, we need language technology for all European
languages that is available, affordable and tightly integrated within
larger software environments. An interactive, multimedia and
multilingual user experience is not possible without language tech-
nology.

Opportunities for Language Technology

Language technology can make automatic translation, content
production, information processing and knowledge management
possible for all European languages. Language technology can also
further the development of intuitive language-based interfaces for
household electronics, machinery, vehicles, computers and robots.
Although many prototypes already exist, commercial and industrial
applications are still in the early stages of development. Recent
achievements in research and development have created a genuine
window of opportunity. For example, machine translation (MT)
already delivers a reasonable amount of accuracy within specific
domains, and experimental applications provide multilingual in-
formation and knowledge management as well as content produc-
tion in many European languages.

Language applications, voice-based user interfaces and dialogue
systems are traditionally found in highly specialised domains, and
they often exhibit limited performance. One active field of research
is the use of language technology for rescue operations in disaster
areas. In such high-risk environments, translation accuracy can be
a matter of life or death. The same reasoning applies to the use of
language technology in the health care industry. Intelligent robots
with cross-lingual language capabilities have the potential to save
lives.

Language technology helps people
collaborate, conduct business, share
knowledge and participate in social
and political debates across differ-
ent languages.



There are huge market opportunities in the education and enter-
tainment industries for the integration of language technologies in
games, edutainment offerings, simulation environments or training
programmes. Mobile information services, computer-assisted lan-
guage learning software, eLearning environments, self-assessment
tools and plagiarism detection software are just a few more exam-
ples where language technology can play an important role. The
popularity of social media applications like Twitter and Facebook
suggest a further need for sophisticated language technologies that
can monitor posts, summarise discussions, suggest opinion trends,
detect emotional responses, identify copyright infringements or
track misuse.

Language technology represents a tremendous opportunity for the
European Union that makes both economic and cultural sense.
Multilingualism in Europe has become the rule. European busines-
ses, organisations and schools are also multinational and diverse.
Citizens want to communicate across the language borders that still
exist in the European Common Market. Language technology can
help overcome such remaining barriers while supporting the free
and open use of language. Furthermore, innovative, multilingual
language technology for European can also help us communicate
with our global partners and their multilingual communities. Lan-
guage technologies support a wealth of international economic
opportunities.

Challenges Facing Language Technology

Although language technology has made considerable progress in
the last few years, the current pace of technological progress and
product innovation is too slow. We cannot wait ten or twenty years
for significant improvements to be made that can further com-
munication and productivity in our multilingual environment.

Language technologies with broad use, such as the spelling and
grammar features in word processors, are typically monolingual,
and they are only available for a handful of languages. Applications
for multilingual communication require a certain level of sophisti-
cation. Machine translation and online services like Google Trans-
late or Bing Translator are excellent at creating a good approxima-
tion of a document’s contents. But such online services and profes-
sional MT applications are fraught with various difficulties when
highly accurate and complete translations are required. There are
many well-known examples of funny sounding mistranslations, for
example, literal translations of the names Bush or Kohl, that il-
lustrate the challenges language technology must still face.

Language Acquisition

To illustrate how computers handle language and why language
acquisition is a very difficult task, we take a brief look at the way
humans acquire first and second languages, and then we sketch
how machine translation systems work—there’s a reason why the
field of language technology is closely linked to the field of artificial
intelligence.

Humans acquire language skills in two different ways. First, a baby
learns a language by listening to the interaction between speakers
of the language. Exposure to concrete, linguistic examples by lan-
guage users, such as parents, siblings and other family members,
helps babies from the age of about two or so produce their first
words and short phrases. This is only possible because of a special
genetic disposition humans have for learning languages.

Multilingualism is the rule, not an
exception.

The current pace of technological
progress is too slow to arrive at
substantial ~ software  products
within the next ten to twenty years.

Humans acquire language skills in
two different ways: learning exam-
ples and learning the underlying
language rules.



Learning a second language usually requires much more effort
when a child is not immersed in a language community of native
speakers. At school age, foreign languages are usually acquired by
learning their grammatical structure, vocabulary and orthography
from books and educational materials that describe linguistic
knowledge in terms of abstract rules, tables and example texts.
Learning a foreign language takes a lot of time and effort, and it
gets more difficult with age.

The two main types of language technology systems acquire lan-
guage capabilities in a similar manner as humans. Statistical ap-
proaches obtain linguistic knowledge from vast collections of con-
crete example texts in a single language or in so-called parallel
texts that are available in two or more languages. Machine learning
algorithms model some kind of language faculty that can derive
patterns of how words, short phrases and complete sentences are
correctly used in a single language or translated from one language
to another. The sheer number of sentences that statistical ap-
proaches require is huge. Performance quality increases as the
number of analyzed texts increases. It is not uncommon to train
such systems on texts that comprise millions of sentences. This is
one of the reasons why search engine providers are eager to collect
as much written material as possible. Spelling correction in word
processors, available online information, and translation services
such as Google Search and Google Translate rely on a statistical
(data-driven) approach.

Rule-based systems are the second major type of language technol-
ogy. Experts from linguistics, computational linguistics and com-
puter science encode grammatical analysis (translation rules) and
compile vocabulary lists (lexicons). The establishment of a rule-
based system is very time consuming and labour intensive. Rule-
based systems also require highly specialised experts. Some of the
leading rule-based machine translation systems have been under
constant development for more than twenty years. The advantage
of rule-based systems is that the experts can more detailed control
over the language processing. This makes it possible to systemati-
cally correct mistakes in the software and give detailed feedback to
the user, especially when rule-based systems are used for language
learning. Due to financial constraints, rule-based language tech-
nology is only feasible for major languages.

The two main types of language
technology systems acquire lan-
guage in a similar manner as hu-
mans.



Czech in the European Information
Society

General Facts

Czech Republic (CR in sequel) consists of three historical parts:
Bohemia (Czechia), Moravia and Silesia. The language used in all
three ,countries” is Czech, one of west Slavonic languages. Czech
language has about 10 million speakers.5 In the other parts of the
world it has about 200 000 speakers, mostly emigrants and the
children of emigrants who left the country in sizable migration
waves around World War I and World War II, and the years 1948
and 1968. Many Czech speakers can be found esp. in Austria
(mostly in Vienna), Poland, Germany, Ukraine, Croatia (mostly in
Daruvar area), in Western Romania (in Banat), in Australia, and
Canada. Several tens of thousands of Czechs have continued to live
in the Slovak Republic after the split of Czechoslovakia in 1993.
However, the largest group of Czech speakers outside lives in
United States, in cities like New York, Chicago or Cleveland and in
number of communities in Texas, Wisconsin, Minnesota, and Ne-
braska. According the US Census, more than 90,000 Czech speak-
ers lived in United States in 1990.6

Czech language is an official language in CR, since May 2004 it is
also one of administrative languages of EU. According the data
from 2001 (when the last population census was finished) 5,4 % of
citizens belong to the minorities. During administrative, judicial
and other official proceedings the standard (literary) Czech is used.
The manuals and description of imported goods must contain their
Czech translation.

Czech language has several varieties (formations), especially in its
spoken form. Standard (literary) Czech is a prestige variety used in
school education, and strongly preferred in official negotiating and
in mass media. However, the using of standard Czech is not pre-
scribed by any law. For the regulation of language and for the lan-
guage policy the Institute of Czech Language of Academy of Science
of CR is responsible. The regulation is provided after a wide discus-
sion among specialists in languages, and this part of public which is
interested in language development (journalists, actors, profes-
sional speakers etc.). The Institute of Czech Language prepares the
handbooks recommending the codified versions of the orthoepy,
orthography, morphology and lexicon. The public is very sensitive
as to language changes, esp. in the domain of orthography, there-
fore the last, very particular changes in orthography were provided

in 1993.

In the common communication most people prefer rather other
varieties of Czech than a literary Czech. The most spread variety is
so-called common Czech (based on the Central Czech interdialect),
in Moravia and Silesia the rest of dialects (Hanak, Lach, Czecho-
Moravian) are used actively in the spoken form, in Bohemia the
traces of Northeast and Southwest dialects can be heard.” The
common Czech and dialects differ from its literary variant esp. in
morphology, less in the lexicon and pronunciation, the other dif-
ferences are marginal. All variants of Czech are mutually intelli-
gible. Anyway, so-called code-switching present during the com-
munication by the particular native speakers and dependent on the
official and private type of communication, on the speaker’s educa-
tion etc. are often confusing for the foreigners who study Czech.
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Czech along with Slovak, Polish, and the Upper and Low Sorbian
belongs to the western Slavonic group. However, Czech separated
itself from the other Slavonic languages by a number of changes,
most of which took place in the 10t through 16t centuries (sound
changes such as a’ > &, g > h, r’> f; in 15th century Czech lost the
dual number and two of the Slavic past tenses — the aorist and im-
perfect); on the other hand the verbal aspect had grown more sig-
nificant and the number of declensions had increased. For the writ-
ten form the medieval Latin alphabet was used, later (at the begin-
ning of 15t century) the diacritical markers were introduced by
religious reformer Jan Hus (,hacek” for the palatal/palatalized
consonants — &, d, i, §, §, t, 7; ,¢arka“ for long vowels — 4, é, 1, 0, 4,
¥), the only digraph surviving in modern Czech is ch, special mark
for long u was applied — it (coming from the chain of changes 6
>uo> ).

Particularities of the Czech Language

Czech language is a highly inflectional language with a very compli-
cated morphology. The noun declension differs 7 cases (Nom, Gen,
Dat, Accus, Voc, Loc, Instr), 2 numbers (sg, pl) and 4 genders
(masc. anim, mascinanim, fem, neutr); every category has several
types of declension (e.g. masc inanim has in school grammars two
types of declension “hrad”[the castle] and “stroj” [the machine]
with Gen sg ,hradu“, ,stroje“, respectively. However, some nouns
classified as the “hrad” type have in Gen sg the ending —a (“lesa”),
some have both endings (bez rybniku [without a pond], do rybnika
[to a pond]).

The noun gender is only partially influenced by the natural gender,
mostly it is determined by the ending of the lemma (word), though
the ending itself is not unambiguous; for foreigners this means to
learn the new words together with their gender similarly as in
German, where the nouns are accompanied in the lexicon by the
determiners “der/die/das” (e.g. “niz” [the knife] — masc inanim,
“mriz“ [lattice] - fem, “tabule” [the desk] — fem, “pole” [the field]

— neutr).

The morphological component of inflectional language is a neces-
sary prerequisite of any automatic analysis as well as of a language
generation and it is obvious that the classification given in school
grammars is not sufficient for this purpose. Moreover, the flection
requires not only the connection of a stem with an ending, but
many times the morphonemic changes of the stem are part of
word-forms process, see e.g. “hoch” (Nom sg), “hosi“ (Nom pl) —
[the boy/boys], “feka“ (Nom sg) — ,o rece“ (Loc sg) [the river],
brana (Nom sg), branou (Instr sg) — [the gate], “pasek” (Nom sg),
“pasku” (Gen sg) — [the belt].

In Czech a rich ambiguity of endings exists (e.g. the ending —a
within noun paradigm means Gen sg masc anim, Accus sg masc
anim, Nom sg masc anim, Gen sg masc inanim, Nom sg fem, Gen
sg neutr, Nom pl neutr, Accus pl neutr).

The verbal morphology is complicated as well. The formal ambi-
guity is present e.g. with the form ,prosi“ — 3. sg. ind. praes./ 3. pl.
ind. praes. The analytical (complex) verbal forms bring another
complication: With the forms such as “psal jsem” [I wrote/I was
writing], "psal by” [he would write] the auxiliary verbs “jsem”, “by”
behave as clitics moving along the sentence and usually separated
from their main verbal forms.

11



From the other side, the agreement between noun and adjective is
a good (and very often sufficient) indication for the solution of

74

ambiguities (“velké staveni“ — Nom sg, ,,velkého staveni“ — Gen sg,
svelkému staveni“ — Dat sg [large building], while a single form
»Staveni“ means Nom sg, Gen sg, Dat sg, Accus sg, Loc sg, Nom pl,
Gen pl, Accus pl.).

Czech has so-called free word order. It means that the scheme SVO
is not obligatory pattern of Czech sentence. The case endings are
again a good means helping with identification of subject, (direct)
object, (indirect) object and other syntactic functions of the words
in the sentence. Compare examples (1), (2), (3)

(1) Syn (Nom) poslalmatce (Dat) darek (Accus).
[lit. The son - sent — mother - a gift]
[The son sent to his mother a gift]
(2) Darek (Accus) poslal matce (Dat) syn (Nom)
[lit. The gift - sent - mother — the son]
[The son sent to his mother a gift]
(3) Darek (Accus) poslal syn (Nom) matce (Dat).
[lit. The gift — sent — the son —mother]
[The son sent to his mother a gift]
The noun cases are in all three sentences the same and they al-
low assigning the syntactic functions to the nouns. These three
variants differ as to their information structure in that sense, which
information is known and which is introduced as the new one. In
ex. (1) a “neutral” word order is used and the sentence fits at the
beginning of the text or discourse. In ex. (2) the words “gift” and
“mother” are known from the context and the agent of the action

(son) is introduced as a piece of new information. In ex. (3) the
addressee (“mother”) is focused as a new piece of information.

However, the possibility of word movements in the sentence along
with word-form ambiguities is often a great obstacle for a correct
parsing of the sentence. Recently, the OVS pattern is often used,
esp. in the newspaper headlines and in spoken commentaries, see
ex. (4), (5), and (6) where the two meanings are closed to each
other, though different. In (5) the ambiguity is multiplied by the
lexical ambiguity of the verb in one of the sentence readings:8

(4) Tricet nemocnic (Nom/Accus) chce zrusit Ministerstvo
zdravotnictvi (Nom/Accus)
[lit. Thirty — hospitals — want — to liquidate — Ministry of Health]
[Thirty hospitals want to liquidate the Ministry of Health]

(5) Dité (Nom/Accus) vyzvedne taxik (Nom/Accus)
[lit. A child — take/lift — a taxi]
[A child will take/lift a taxi]

(6) Anna (Nom) predstavila pFitelkyni  (Dat/Accus) — tchyni
(Dat/Accus).
[lit. Anne — introduce - the girl-friend — the mother-in-law] with

two translations:

12



[Anne introduced her girl-friend to her mother-in-law/Anne

introduced to her girl-friend her mother-in-law]

These ambiguities can be solved only by the semantic and prag-
matic knowledge.

The possibility of word-order shifts causes so-called dis-
tance dependencies (as in ex. (7)), which represent some troubles
for NLP systems. For an automatic syntactic analysis of any type
the separation of constituents is difficult to solve:

(7)  Tu knihu se Pavel rozhodl do knihovny vratit az zitra.
[lit. This — book — REFL — Paul — decide — to library — to return
— only — tomorrow]

[Paul decided to return this book to library only tomorrow]

Recent developments

Though the Czech language preserves 98% ofits vocabulary from
the Old Slavonic language, it is not insensitive to the influence of
other languages.9 Till the 19t century the German was the main
language in contact (see e.g. words as “knedlik” [der Knddel; the
dumpling], “Sunka” [der Schinken; the ham], “taska” [die Tasche;
the bag], “bryle” [die Brille; the glasses], “blok” [der Block; the
block], “cihla” [der Ziegel; the brick], “muset” [miissen; must]).

In 20ies century CR was under the political influence of Russia
(Soviet Union), the new words connected with politics and
socialistic ideology were adapted for Czech, however, recently they
disappeared step-by-step or become unknown to the young genera-
tion together with disappearance of the notions and objects they
referred to (“kulak” [the rich farmer], “pé&tiletka” [five years eco-
nomic plan], “celiny” [great fields], “chozrasc¢ot” [the state eco-
nomic plan], “provérka” [the personal checking]).

Recently, the English is the language which influences the lexicon
and also phraseology of Czech more and more. The loans in the
domain of the sports terminology (“football” [the football],”hokej”
[the hockey]) are not quite new, while the IT terminology spreads
following the fast development of information technologies and the
user’s access to them (“harddisk”, “byte”, “software”, “resetovat”,
“flesh disk”, “odlogovat se”etc.). Some of them have Czech equiva-
lents which are used only rarely (“pevny disk” [hard-disk]), some

» «

loans are without a Czech counterpart (“software”, “reset”).

The older loaned words were fully adapted in Czech entering the
word-formation and word-derivation system (e. g. “weekend” with
orthographic variant “vikend” — ,,vikendu“ (Gen sg), ,,vikendovy* —
adjective), some stand out of Czech grammatical system (,prodava-
jizajezdy all inclusive® [they sell the trips all inclusive], “novy PR
manazér” [a new PR manager] with pronunciation “pi-ar®).

Occasionally, the whole English phrases are translated word-by-
word (so-called “calques”) and they are used as fashionable, e. g.
“mé&jte hezky den” [have a nice day], “opatrujte se!” [take care!].
The names of companies, firms, shops, restaurants and other local
proper names often consist of a combination of the Czech and for-
eign parts (Novodvorska Plaza, Langhans Galerie); while foreign
part of these compounds remains without morphological changes,
the Czech part is properly inflected, so that an untypical and non-
Czech syntactic constructions appear (“navstivil Langans Galerii”
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[he visited Langhans Gallery] instead of normal syntactic construc-
tion with the postponed attribute in Nominative (in all cases of this
noun phrase) “navstivil Galerii Langhans” [he visited the Gallery
Langhans], “Sel do Galerie Langans” [he went to the Gallery Lang-
hans].

The young generation uses expressions and phrases to demonstrate
that they are “cool” (“houmlesak” [homeless person], “chodi do
fitka” [he attends a fitness center], “sora¢“ [sorry], “lazr” [looser],
“prezoska” [presentation]).

From the other side, the Czech language enriched the international
lexicon not only by the word “robot” (used in 30-ies by the famous
writer Karel Capek and his brother Josef in the play R.U.R.), but
recently by the words ,tunel“, ,tunelovat“with new connotations
concerning dishonest economical activities.

The neologisms in Czech language were published in 3 books
edited by Olga Martincova and others (see Martincovi et al., 1998,
2004, 2005).

The facts presented in this section and following the influence of
languages in contact are as to the development of Czech vocabulary
marginal and they do not represent any dangerous for the system
of Czech scientific terminology.

Language cultivation in the Czech Republic

We have mentioned in the section General Facts that the Institute
of Czech Language of Academy of Science of Czech Republic is re-
sponsible for the language policy in CR. Its Advisory Department is
an important section of this Institute. The experienced linguists
working here answer the questions asked by public in written form,
by e-mail or by the direct telephone calls. The practical popular
handbooks are published as a reaction on a deep interest of civic
society in linguistic culture and problems of language planning. We
have in mind e.g. handbooks “Na co se nas ¢asto ptate“ [The fre-
quent questions for us] (Cern4 et al., 2002), ,Jak pouzivat ¢arku a
dalsi interpunkéni znaménka“ (Janovec et al., 2006) [How to put
commas and other graphic separators]. The Institute provides spe-
cial web pages as a supplement service for the public.1©

On the other hand, the language policy in CR is in the main stream
far from prescriptive approach. The functional point of view intro-
duced by the members of the classical Prague Linguistic Circle
(founded in 1926) continues to describe the language development
through the studies of the concrete results of communication acts.
The members of the Prague Linguistic Circle demonstrated the
impropriety of the purist approach to the language policy based on
the principle “correct” vs. “incorrect”. They point out that the
stratification of the standard Czech into several varieties (see sec-
tion General Facts) is a source of a rich choice of a proper variety
for a proper situation. The fact that the Czech native speakers does
not use the same variety at school or at the official meetings ad-
dressing the wide public as in the common talks at home, at shops
or during the chats with friends was respected and the research of
the talks in different communicative situations is described and
presented on the functional basis.

There are many of platforms for the linguistic discussion connected
with language policy and language planning as well as of the results
of a research (Jazykovédné sdruzeni CR [Linguistic Society of
Czech Republic], Prazsky lingvisticky krouzek [Prague Linguistic
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Circle], Kruh pratel ¢eského jazyka [The Circle of Friends of Czech
Language]), the special interest to the questions of language culti-
vation is devoted in the journal Nase fe¢ [Our Speech].

The results of wide discussions are reflected in the norma-
tive grammars and in other normative handbooks. The lan-
guage descriptions in them are formulated as a recommendation
for the users who are interested in a cultural way of expression in
their native language. Using of normative handbooks is required as
obligatory in the elementary and secondary schools by the Ministry
of Education, Youth and Sport of CR.

Language in Education

Czech language is an obligatory subject in all types of the element-
ary and secondary (high) schools; it belongs also to the obligatory
subjects for school-leaving examination. However, the subject
“Czech language” covers teaching of the language (its grammar and
other types of language skills) as well as the literature (including
some notions from the literary science). Because there is no sub-
ject in school curricula which involves the world literature, a brief
survey of it is included under the roof of the subject “Czech lan-
guage”. The discussion among the specialists in the didactics, psy-
chology, Czech language and literary scientists and the Ministry of
Education, Youth and Sport about the separation of Czech language
on one side and the Czech and World literature on the other in the
school curriculum took place 4-5 years ago. Unfortunately,
the discussion failed, and in this respect the situation has not
changed. The trend of decreasing of language skills of school chil-
dren and teenagers is obvious.

In CR there are no serious problems connected with language edu-
cation of migrants such as in France or Germany. However, the
knowledge of Czech language attested by the certificates given by
the accredited institutes (e. g. Institute for language and Prepara-
tory Studies of Charles University in Prague, Czech Centers in Ber-
lin, London, Moscow and at the Warsaw University) about appli-
cant’s reaching of the corresponding knowledge of Czech is re-
quired for particular professions as well as for the university stud-
ies of applicants who apply to study according to the schedule valid
for Czech students. The certificate confirms a particular level of the
knowledge of Czech language. The levels A1, A2, B1, B2, C1, C2, are
defined according to the “Common European Framework of Refer-
ence for Languages: Learning, Teaching, Assessment” which was
put together by the Council of Europe.! Level A1 means that the
applicant is able to understand Czech in common everyday situa-
tions, while the level C2 qualifies the applicant as a person under-
standing Czech very well and speaking Czech fluently in all situa-
tions.

The development of LT is a very good and useful basis for interac-
tive tools for teaching and especially for exercises in language edu-
cation. Several tools for checking language abilities in Czech were
developed, some of them are closely connected with the existence
of the annotated corpus of Czech language - the Prague Depend-
ency Treebank (PDT 2.0 in sequel, in details, see Chapter 3, section
Core application areas).

The STYX system was proposed and implemented for the exercis-
ing of the Czech morphology and syntax. It makes schoolchildren
familiar with the Prague Dependency Treebank, the largest anno-
tated corpus of Czech language and it is designed as an electronic
corpus-based exercise book of Czech morphology and syntax with
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sentences directly selected from the Prague Dependency Treebank.
The exercise book offers complex sentence processing with respect
to both morphological and syntactic phenomena, i.e. the exercises
allow students of elementary and secondary schools to practice the
identification of parts of speech, parsing the sentences and classify-
ing syntactic functions of words. The STYX system includes almost
12,000 sentences to practice and tools for viewing these sentences,
for composing exercises and practicing. Even more, the STYX sys-
tem consists of the module 'Capek’, a simple annotation editor tai-
lored to schoolchildren to involve them in text annotation. The
editor offers a possibility to annotate any sentence, not just those
provided by the exercise book.12

Another type of tool for teaching and exercising of Czech was de-
veloped originally for French students learning Czech as second
language. It is called CETLEF3 and it is a web-based application
featuring fill-in-the-blank exercises on Czech declension where the
task of the learner is to fill an inflected form of a given word in a
specific syntactic context. The system represents an example of a
Computer Assisted Language Learning tool (CALL) using some
NLP techniques. First, NLP is used for analyzing learner’s produc-
tions in order to provide a linguistically motivated feedback on
errors. Secondly, it enriches the pedagogical environment with
automatically generated linguistic annotation. The idea behind the
error diagnosis is that most erroneous forms, existing or not in the
language, can be reproduced artificially with a corresponding
model of inflection (containing ending paradigms and contextual
rules for morphological alternations). Hence they are interpretable
in terms of violations of morphological categories. The diagnosis is
carried out by matching the learner production with dynamically
generated hypothetical word-forms. The most likely interpreta-
tions, chosen by a small number of heuristic rules, are used for
error tagging and for the generation of the feedback. CETLEF is
also used as an alternative source of learner data suitable for a re-
search on second language acquisition. Beside learner’s corpora
containing mainly students’ essays, linguistic productions resulting
from grammatical exercises allows focusing on some more specific
aspects of the target language, which can be an advantage for the
study of acquisition of some complex systems like Czech inflection.

The collection of students’ errors in special corpora (so-called stu-
dents’ corpora) is also a promising application of computers during
the process of language teaching and learning. The errors are clas-
sified according to their sources and the feedback between teachers
and students is reflected (see also the webpage of Technical Uni-
versity in Liberec'4).

International aspects

Czech Republic is a small country covering 78,867 km2 with a small
language — Czech. After the defeat at the battle of White Mountain
in 1620 the Literary Czech was under the danger of disappearance
due to the German pressure. On the basis of concentrated efforts of
Czech writers, poets, translators and teachers during the National
Revival it survived. These efforts influenced the shape of the Liter-
ary Czech and caused the differences between the norm of literary
Czech and its really spoken variants as mentioned above in the
section General Facts. However, there were established conditions
for the development of rich cultural life: fiction, poems as well as
the scientific texts from the different areas were written and pub-
lished since the end of the 18t century. Many books written in
Czech were translated into foreign languages (esp. since the end of
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the 19th century). Among many others let us mention here “The
Good Soldier Svejk* (written by Jaroslav Hagek in 1923 and trans-
lated into 54 languages), fictions of Karel Capek and Bohumil Hra-
bal, to quote the most famous writers in 20ies century. The Czech
poet Jaroslav Seifert received the Nobel prize in literature (1984).
One of the most famous contemporary writers in the world Milan
Kundera, born in CR, wrote his early books in Czech; after his emi-
gration he published his fictions and essays in French.

In the 19t century the Czech botanical and chemical terminology
was constituted by J. S. Presl (1791 — 1849). Nowadays, the com-
munication in science in CR undergoes changes characteristic for
the globalization of the world and it is influenced by the newly
opened possibilities of Czech scholars to have regular contacts with
the world of science after 1989. English became the main
means of scientific communication. This concerns first of all the
technical and natural science; the humanities, esp. the branches
concerning Czech history, language and folklore, are not influ-
enced by English so deeply; however, the evaluation criteria of the
results of research proposed and applied by the administratively
constituted commissions puts a strong pressure on the scientific
community to use English.

The discussion about the danger for a small national language to be
lost for the process of communication among scholars however has
arrived at the conclusion that the Czech language will survive and it
will serve as a means of inner communication in the science as well
as in other communication areas such as mass-media, economy,
low, industry etc.

Czech on the Internet

In the year 2010, almost 60% of Czechs were internet users. Most
of them stated to be online every day. Among young people, the
proportion of users is even higher. In January 2011, more than 750
thousand .cz domains were registered. These numbers give us a
vague idea of the vast amount of Czech language data available on
the web.

For language technology, the growing importance of the internet is
important in two ways. On the one hand, the large amount of digi-
tally available language data represents a rich source for analysis of
natural language, in particular by collecting statistical information.
On the other hand, the internet offers a wide range of application
areas involving language technologies.

The most commonly used web application is certainly web search,
which involves the automatic processing of language on multiple
levels, as we will see in more detail in the next. It involves sophisti-
cated language technology, different for each language. For Czech,
every language processing system must deal with rich morphology,
free word order and various encodings of the diacritical characters
or even with lack of the diacritics (especially in blogs or web discus-
sion platforms).

Internet users and providers of web content can also profit from
language technologies in less obvious ways, for example if it is used
for automatic translation of web contents from one language into
another. Considering the high costs associated with manual trans-
lation of these contents, it may be surprising how little usable lan-
guage technology is built in comparison with the anticipated need.
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However, it becomes less surprising if we consider the complexity
of the Czech language and the number of technologies involved in
typical LT applications. In the next chapter, we will present an
introduction to language technology and its core application areas
as well as an evaluation of the current situation of LT support for
Czech.
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1
Language Technology Support for Czech

Language Technologies

Language technologies are information technologies that are spe-
cialized for dealing with human language. Therefore these tech-
nologies are also often subsumed under the term Human Language
Technology. Human language occurs in spoken and written form.
Whereas speech is the oldest and most natural mode of language
communication, complex information and most of human know-
ledge is maintained and transmitted in written texts. Speech and
text technologies process or produce language in these two modes
of realization. But language also has aspects that are shared be-
tween speech and text such as dictionaries, most of grammar and
the meaning of sentences. Thus large parts of language technology
cannot be subsumed under either speech or text technologies.
Among those are technologies that link language to knowledge. The
figure on the right illustrates the Language Technology landscape.
In our communication we mix language with other modes of com-
munication and other information media. We combine speech with
gesture and facial expressions. Digital texts are combined with
pictures and sounds. Movies may contain language and spoken and
written form. Thus speech and text technologies overlap and inter-
act with many other technologies that facilitate processing of
multimodal communication and multimedia documents.

Language Technology Application Architectures

Typical software applications for language processing consist of
several components that mirror different aspects of language and

of the task they implement. The figure on the right displays a

highly simplified architecture that can be found in a text processing
system. The first three modules deal with the structure and mean-

ing of the text input:

O Pre-processing: cleaning up the data, removing formatting,
detecting the input language, etc.

O Grammatical analysis: finding the verb and its objects, modifi-
ers, etc.; detecting the sentence structure.

O Semantic analysis: disambiguation (Which meaning of “apple”
is the right one in the given context?), resolving anaphora and

referring expressions like “she”, “the car”, etc.; representing the
meaning of the sentence in a machine-readable way

Task-specific modules then perform many different operations
such as automatic summarization of an input text, database look-
ups and many others. Below, we will illustrate core application
areas and highlight certain modules of the differentarchitectures
in each section. Again, the architectures are highly simplified and
idealised, serving illustrating the complexity of language
technology applications in a generally understandable way.

After the introduction of the core application areas, we will shortly

give an overview of the situation in LT research and education. In

the end of this section, we will present an expert estimation on the

situation regarding core LT tools and resources in a number of Figure 2: A Typical Text Processing
dimensions such as availability, maturity, or quality. This table Application Architecture -

gives a good overview on the situation of LT for Czech.
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Core application areas
Web search

In the Czech Republic, there is a long tradition of using local web
search engines. The most widely used web search engines are Sez-
nam.cz, Google.com, Morfeo.cz and Jyxo.cz. Therefore, the situa-
tion is rather different from other countries, where Google.com has
an 80% majority. In the local market, there is enough room both
for improving existing search engines through academia-industry
collaboration,or for introducing a new one (especially if it would be
restricted on a specific domain or specific task, e.g. question an-
swering).

To the best of our knowledge, Google's results are considered to be
the most relevant. Google started in 1998 and neither the search
interface nor the presentation of the retrieved results has signifi-
cantly changed since the first version. The success story of Google
shows that with a lot of data at hand and efficient techniques for
indexing these data, a mainly statistically-based approach can lead
to satisfactory results.

However, for a more sophisticated information need, integrating
deeper linguistic knowledge is essential. In particular, if a search
query consists of a question or a complete sentence rather than a
list of keywords, retrieving relevant answers to this query requires
an analysis of this question or sentence on a syntactic and semantic
level as well as the availability of an index that allows for a fast
retrieval of relevant documents.

For example, imagine a user inputs the query “Give me a list of all
companies that were taken over by other companies in the last five
years®. A simple keyword-based approach will not take us very far
here. Expanding the query terms by synonyms, for example using
an ontological language resource like WordNet, may improve the
results. However, for a satisfactory answer, a deeper query analysis
is necessary. For example, applying a syntactic parser to analyze
the grammatical structure of the sentence, we can determine that
the user is looking for companies that have been taken over and not
companies that took over others. We also need to process the ex-
pression “last five years” to find out which years it refers to.

For Czech, the sentence analysis task is rather complicated, be-
cause we must deal with rich morphology and free word order. The
local search engines have already incorporated some kinds of mor-
phological analyses into their systems, but their quality varies.

Finally, the processed query needs to be matched to a massive
amount of unstructured data in order to find the piece or pieces of
information the user is looking for. This involves the retrieval and
ranking of relevant documents. In addition, generating a list of
companies, we also need to extract the information that a particu-
lar string of words in a document refers to a company name. This
kind of information is tagged using anamed-entity recognizer.

We face an additional challenge if we want to match a query to
documents written in a different language. For multilingual search,
we have to automatically translate the query to all possible source
languages and map the retrieved information back to the target
language. Again, this requires a linguistic analysis of all texts in-
volved. For users with a very specialized information need, an ex-
pansion of the query may require additional knowledge resources

User Web
query pages

Search
Results

Figure 4: Web Search Architecture
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like a domain-specific ontology, representing the concepts relevant
within the domain and the relationships between those concepts.

The increasing share of data available in non-textual format also
drives the demand for services enabling multimedia search, i.e.
information search on images, audio and video data. For audio and
video files, this involves a speech recognition module to convert
speech content into text or a phonetic representation, to which user
queries can be matched.

Language checking

The morphological and syntactic properties of Czech constitute a
great challenge for both spelling and grammar checking. Although
the corresponding tools already exist for both kinds of checking
(first spelling checkers date back to early 1990’s, the development
of a first grammar checker for Microsoft Office took much longer
time, it has been included as late as in 2005), there are still many
issues waiting for an efficient solution.

The existing spelling checkers for Czech are based on a dictionary
of basic word forms (lemmas) combined with a set of morphologi-
cal rules enabling the analysis or generation of all correct word
forms. Although this simple approach seems to be satisfactory, it
has two substantial drawbacks. The first issue concerns the spelling
errors which are actually correct word forms appearing in a wrong
context. Due to the isolated handling of individual word forms it is
virtually impossible to discover such errors; some more advanced
error detection algorithms would definitely be useful. The second
drawback is the inability to distinguish between real spelling errors
and word forms which are correct, but which are not contained in
the dictionary. Such words will always exist due to the natural en-
hancement of a lexicon by newly created words, by new scientific or
technical terms etc. The ability to capture this distinction would
bring the spelling checkers to a new level.

Some attempts to make the spelling checking more context sensi-
tive have already been made in the past. For example, one of the
most frequent errors in Czech is a wrong use of a personal pronoun
Jja [I] in the genitive, dative, accusative and locative cases. The
forms used in those cases, namely mé [gen., acc] and mné [dat.,
loc.] cannot be distinguished in a spoken language and thus many
people use them incorrectly in a written text. To determine a
proper form with regard to a given context automatically, theoreti-
cally requires a complete analysis of a given sentence, because the
proper case usually cannot be determined without taking into ac-
count syntax and/or verbal valency. This makes it a challenge even
for sophisticated grammar checkers.

The solution implemented in Microsoft Word exploits the fact that
these pronouns almost exclusively directly follow a preposition. If
this preposition requires using only a particular case (like, e.g., the
preposition kfto]), then the correct pronominal form can be deter-
mined with almost 100% reliability just on the basis of this local
context. The Autocorrect tool of MS Word thus contains a simple
list of prepositions with this property followed by a proper pro-
nominal form.

This example demonstrates that a further research of similar mor-
phological or syntactic properties may improve the quality of a
contextual spelling checker quite substantially.

Input text

Correction
proposals

Figure 3: Language Checking
(left: rule-based; right: statistical)
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Czech proves to be even more difficult for grammar checking than
it is for spelling checking. As a language with a great degree of
word-order freedom it makes it difficult to apply error pattern
checking, a standard method used for languages with stricter word-
order like English. The order of words in a Czech sentence is not
completely arbitrary (for example, Czech clitics always occupy a
sentence-second position), but in some cases it is even possible to
tear apart an adjective from a nominal group and put it almost
anywhere in a given sentence, like, e.g., in a frequently used exam-
ple Vanoc¢ni nadesel ¢as [Christmas(adj.) came time / A Christmas
time has arrived]. Such constructions, called long-distance de-
pendencies, or non-projective constructions, constitute a huge
challenge for any grammar checker. The investigation of the Prague
Dependency Treebank, a syntactically annotated corpus of Czech,
shows that about 14% of sentences in the corpus contain at least
one non-projective construction. This number clearly demonstrates
that this phenomenon cannot be ignored.

These constructions make the grammar checking even more diffi-
cult for one more reason. The fact that a dependent word may be
located very far from its governor also blurs the distinction be-
tween correct and incorrect sentences. Let us demonstrate this fact
by means of the following example:

Které dévcata chtéla dostat saty?

[Which girls wanted to_get dresses?]

This sentence may either be understood as a syntactically correct,
but non-projective sentence which can be translated as Which
dresses the girls wanted to get? or as syntactically incorrect, but
projective sentence Which girls wanted to get dresses? (This read-
ing is syntactically incorrect because of the wrong form of the inter-
rogative pronoun Které [Which] — the proper form being Kterd.)
To resolve this ambiguity is virtually impossible — non-projective
constructions are an integral part of Czech language and their pres-
ence in a sentence does not indicate anything unusual.

The syntactic complexity of non-projective constructions in Czech
is even higher than the previous example may suggest. A simple
Czech sentence may contain more than one such construction, as,
e.g. the sentence:

Tuto knihu jsem se mu rozhodl dat k narozeninam.

[Lit.: This book I _am myself to him decided to_give to birth-

day.]
[1 decided to give him this book to his birthday.]

The pattern present in this example, namely the combination of a
finite and infinite verb with intertwined dependent constituents, is
very productive in Czech and it theoretically allows for an unlim-
ited number of non-projective constructions in a single clause.

Although non-projective constructions constitute a great challenge
for grammar checking because they make simple error-pattern
based methods insufficient, they are not the only syntactic chal-
lenge in Czech. At least equally important seems to be another syn-
tactic property of Czech — its ability to drop a subject of a subse-
quent sentence if it is clear from the context what the subject would
be. Let us present yet another example:
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Sportovci hazely plysaky.

[Sportsmen were throwing cuddle-bears.]

This sentence is syntactically incorrect if it is isolated due to a gen-
der disagreement between the subject (sportovci — mase. anim.)
and the predicate (hdzely — fem. or masc. inanimate). The situation
changes, if we change the context in the following way:

Divky kiicely. Sportovcei hazely plysdky a rozhodc¢im shnila
rajcata.
[Girls shouted. They were throwing cuddle-bears to the

sportsmen and rotten tomatoes to referees.]

The fact that the subject may be omitted from a sentence makes it
extremely difficult for existing grammar checkers of Czech to dis-
cover one of the most frequent types of grammatical errors, the
errors in subject — predicate agreement. Further improvement may
be achieved only if broader context than a single sentence is in-
volved, this constitutes a great challenge for further research.

Although the first generation of spelling and grammar checkers for
Czech already exist, other language checking tools do not. For ex-
ample, in the field of authoring support we face a total lack of
tools. This is caused to a certain extent by the fact that Czech is
usually a target language for technical documentation of various
products, not a source one, and thus the need for authoring tools is
not as pressing as it is the case with more widely used languages.
Nevertheless, the need for such tools will definitely grow in the
future and thus the research in the natural language processing
tools in this area will be more important.

Speech interaction

Several universities departments and some their spin-off affiliated
companies in Brno, Liberec, Plzen and Prague do speech processing
research and application development.

General recognition of spoken Czech is still in its infants. Simple
applications that work with a small vocabulary and grammar have
a high reliability, because Czech does not have a complex sound
system. The main problem of large applications with large vocabu-
laries and more general language models are the large number of
inflection forms of words, a relatively free word order and an in-
formal common Czech, which prevent the use of statistical lan-
guage modelling methods with similar results as in English. There
are several commercial systems with large vocabularies
(SpeechTechs.r.o., hTTP://WWW.SPEECHTECH.CZ, OptimSys,
s.r.0., HTTP://WWW.OPTIMSYS.COM, NewtonTechnologies, a.s.
HTTP://WWW.DIKTOVANI.CZ), but they only work in dictation
systems with a high quality audio input or very limited language
domains like sporting events or parliamentary speeches. It is pos-
sible to buy a separate recognition engine with an open Media Re-
source Control Protocol interface that allows the involvement of
the recognition module into other applications. Companies offer
applications generating off-line transcripts of multimedia archives
allowing search. All these products have a relatively good configu-
ration option, but they are not open source applications. For devel-
opment of an open source recognizer of Czech we lack freely avail-
able acoustic training data at present, which would allow the pre-
paration of free acoustic models for speaker independent recog-

Speech Speech
input output

Figure 5: Simple
Dialogue Architecture

Speech-based
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nizer. Universal open source tools and libraries are available for the
speech recognition, but the reliable method is still missing for the
recognition of spontaneous Czech speech with all its word forms
and free word order.

Czech speech synthesis has several commercial voices on a good
quality level (Eris, HTTP://WWW.SPEECHTECH.CZ, Acapela Group,
HTTP://WWW.ACAPELA-GROUP.COM), there are even open-source
Czech synthetic voices, but with lower quality (Festival Czech,
HTTP://DEVEL.FREEBSOFT.ORG/FESTIVAL-CZECH, Epos TTS
System,
HTTP://EPOS.URE.CAS.CZ/,MBROLA,HTTP://TCTS.FPMS.AC.BE/S
YNTHESIS/MBROLA.HTML). The speech synthesis modules are
embeddable into Interactive Voice Response systems that support
many open standards. To create more open source voices we are
missing open source audio recordings again, which would allow the
development of freely available high-quality voices. Recent re-
search in speech synthesis orients on better naturalness and better
emotional modulation of voices.

Dialog systems are also in their developmental infancy relying on
the previous two technologies. Czech dialog systems without re-
strictions are the goal of cooperative research of more universities.
Some of speech departments are working on many projects in the
speech field, being able to offer simple dialog systems, covering
most of voice technology.

Research on spoken Czech focuses on improving the language
model. In addition to the proven method of increasing the amount
of language model training data, which require time-consuming
manual transcriptions, specific procedures are explored for the
Czech language.

One line of research orients on conversion of spoken Czech to the
formal written form, for which there already exist methods devel-
oped on text corpora.

Apart from simple cases of replacement of suffixes the method
needs to address the replacement of whole word phrases by their
correct form. Eliminated in a similar manner are the other phe-
nomena of spontaneous speech such as filler words, repairs or lis-
tener responses.

The second line of research focuses on the development of syntactic
and semantic analysers of Czech with the help of manually anno-
tated tree corpora of written and spoken Czech. In conjunction
with a morphological analysis, this method should help address
problems of free word order and of the large number of word
forms.

Current research on synthesized spoken Czech tries to develop
more natural voices. Hopes are placed in advanced syntactic and
semantic analysis of input texts, which should significantly im-
prove the n naturalness of utterances.

Machine translation

The idea of using digital computers for translation of natural lan-
guages came up in 1946 by A. D. Booth and was followed by sub-
stantial funding for research in this area in the 1950s and begin-
ning again in the 1980s. Nevertheless, machine translation (MT)
still fails to fulfil the high expectations formulated in the early
years.
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The idea of the translation by the computers became attractive for
linguists and mathematicians in the Czech Republic very soon after
the first experiments with MT in the world 1954 in USA, 1955 in
Soviet Union). In January 1960 the first experiment with English-
Czech MT of several sentences by the computer of the 15t generation
SAPO, made in earlier Czechoslovakia, was carried out due to the
efforts of the small research group from Charles University and the
Research Institute of Mathematical Machines. The development of
the methods used in MT was continuously followed by this lin-
guistic research group and some experimental rule-based systems
of English-Czech and Czech-Russian MT systems were developed
for the computers of 2nd generation (made in GDR and in USSR).
They were domain-restricted and served mainly for a verification of
formally expressed grammatical rules. In the 1990s the prototype
of MT between closely related languages was proposed for the pair
Czech and Slovak at Charles University; however, its practical ap-
plication fails due to practical reasons (such as high costs con-
nected with its maintenance etc.). The strategy of statistical meth-
ods or combination of statistical and rule-based methods was cho-
sen as a more prospective one for the future.

At its basic level, MT simply substitutes words in one natural lan-
guage by words in another. This can be useful in domains where a
very restricted, formulaic language is used, e.g. weather reports.
However, for a good translation of a less standardized text, larger
text units (phrases, sentences or even whole passages) need to be
matched to their closest counterparts in the target language. The
major difficulty here lays within the fact that human language is
ambiguous, which presents challenges on multiple levels, for ex-
ample word sense disambiguation on the lexical level or the at-
tachment of prepositional phrases on the syntactic level.

One way of approaching the task is based on linguistic rules. For
translations between closely related languages, a direct translation
may be applied. But often, rule-based systems analyse the input
text and create an intermediary, symbolic representation, from
which the text in the target language is generated. The success of
these methods is highly dependent on the availability of extensive
lexicons with morphological, syntactic, and semantic information,
and large sets of grammar rules carefully designed by a skilled lin-
guist.

For Czech, there are several commercial and academic rule- and
lexicon-based translation systems. One of them is based on a lin-
guistic theory elaborated in Prague since 1960s. The system follows
the above mentioned analysis-transfer-synthesis scenario. Despite
the linguistic adequacy of such approach, the system still suffers
from a number of practical difficulties, such as from relatively high
error rate of current syntactic analysers and from computational
issues related to high number of contextual features that should be
taken into account when translating individual words.

Beginning in the late 1980s, as computational power increased and
became less expensive, more interest was shown in statistical mod-
els for MT. The parameters of these statistical models are derived
from the analysis of bilingual text corpora, such as the Europarl
parallel corpus, which contains the proceedings of the European
Parliament in 21 European languages. (Czech has been added re-
cently and the size of Czech data is still orders of magnitude
smaller than for established languages.) Given enough data, statis-
tical machine translation works well enough to get an approximate
meaning of a foreign language text. However, unlike rule-based

Source Target
text text

Figure 6: Machine translation
(top: statistical; bottom: rule-based)
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systems, statistical MT often generates ungrammatical output. On
the other hand, besides the advantage that less human effort is
required for grammar writing, statistical MT can also cover par-
ticularities of the language missing in the rule-based system, for
example idiomatic expressions.

Availability of large amounts of bilingual texts is really the key in
statistical MT. For Czech, corpora of parallel texts with several
other languages are currently being created. The largest data — in
total several million pairs of sentences — is available for the Eng-
lish-Czech language pair. The corpus contains for example EU law
texts, newspaper texts, technical documentation, and electronic
books. The most challenging problem related to the contemporary
parallel corpora is the quality of alignment (pairing of correspond-
ing parts of a text and its translation). Not only that exact word-to-
word linkage is impossible due to differences in morphology and
syntax of the two languages, but reliable sentence-to-sentence and
sometimes even document-to-document alignment is difficult to
achieve too. Needless to say that compilation of such corpora has to
be fully automatic — human processing is completely out of ques-
tion because of the data size.

Languages with richer morphology like Czech also pose specific
challenges for state-of-the-art statistical systems: the system has to
choose not only the correct word but also the appropriate form to
satisfy grammatical context. Very few statistical systems to date
can handle morphological richness explicitly and thus often fall
short of vocabulary: all the necessary word forms are not available
even in large parallel corpora.

As the strengths and weaknesses of rule-based and statistical MT
are complementary, it is nowadays more or less consensus to target
hybrid approaches combining methodologies of both. This can
be done in several ways. One is to use both rule-based and statisti-
cal systems and have a selection module decide on the best output
for each sentence. However, for longer sentences, no result will be
perfect. A better solution is to combine the best parts of each sen-
tence from multiple outputs, which can be fairly complex, as cor-
responding parts of multiple alternatives are not always obvious
and need to be aligned.

Another, more challenging approach is to design a new setup that
combines the advantages of the two paradigms by integrating the
good features of each. For example, making a rule-based system
adaptive by adding a module for rule learning, or, making a statis-
tical MT system syntax-aware by adding syntactical constraints.

Completely separate is the question of evaluating MT output
quality, both manually and automatically. Experience shows that
different systems score differently under various manual evalu-
ations: rule-based systems tend to preserve the meaning better
while statistical systems produce output more fluent locally. In e.g.
question-answering evaluation, the meaning is more important. On
the other hand, local fluency impacts the impression more when
the user is directly comparing system outputs. Automatic evalu-
ation (based on the comparison of MT output to one or more
manually constructed reference translations) is vital in develop-
ment of MT systems. It has been shown that such automatic evalu-
ation is unreliable esp. for languages with richer morphology and it
is also acknowledged that some automatic fine-grained reporting
on MT quality and error types would be very useful.
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Information management/“LT behind the scenes”

Building Language Technology applications involves a range of
subtasks that do not always surface at the level of interaction with
the user, but provide significant service functionalities "under the
hood" of the system. Therefore they constitute important research
issues that have become individual sub-disciplines on the academic
side of Computational Linguistics.

For example, question answering has become an active area of
research, for which annotated corpora have been built, competi-
tions have been started, etc. The idea is to move from keyword-
based search (to which the engine responds with a whole collection
of potentially-relevant documents) to the scenario of the user ask-
ing a concrete question and the system providing a single answer:
"At what age did Neil Armstrong step on the moon?" - "38". While
this is obviously related to the aforementioned core area Web
Search, question answering nowadays is primarily an umbrella
term for research questions such as what types of questions should
be distinguished and how should they be handled; how can a set of
documents that potentially contain the answer be analysed and
compared (do they give conflicting answers?); how can specific
information - the answer - be reliably extracted from a document,
without unduly ignoring the context; etc.

This is in turn related to the information extraction(1IE) task, an
area that was extremely popular and influential at the time of the
"statistical turn" in computational linguistics, in the early 1990s. IE
aims at identifying specific pieces of information in specific classes
of documents; this could for instance be the detection of the key
players in company take over as they are reported in newspaper
stories. Another scenario that has been worked on is reports on
terrorist incidents, where the problem is to map the text to a tem-
plate specifying the perpetrator, the target, time and location of the
incident, and the results of the incident. Domain-specific template-
filling is the central characteristic of IE, which for this reason is
another example of a "behind the scenes" technology that consti-
tutes a well-demarcated research area but for practical purposes
then needs to be embedded into a suitable application envi-
ronment.

Two "borderline" areas, which sometimes play the role of standa-
lone application and sometimes that of supportive, "under the
hood" component are text summarization and text generation.
Summarization, obviously, refers to the task of making a long text
short, and is offered for instance as a functionality within MS
Word. It works largely on a statistical basis, by first identifying
"important" words in a text (that is, for example, words that are
highly frequent in this text but markedly less frequent in general
language use) and then determining those sentences that contain
many important words. These sentences are then marked in the
document, or extracted from it, and are taken to constitute the
summary. In this scenario, which is by far the most popular one,
summarization equals sentence extraction: the text is reduced to a
subset of its sentences. All commercial summarizers make use of
this idea.

An alternative approach, to which some research is devoted, is to
actually synthesize new sentences, i.e., to build a summary of sen-
tences that need not show up in that form in the source text. This
requires a certain amount of deeper understanding of the text and
therefore is much less robust; furthermore, such an approach is to
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a good extent geared towards a particular domain or text genre,
since particular knowledge is needed to perform the step of ab-
stracting from the source text to its "content". Synthesizing a sum-
mary now in turn is a case of text generation - the production of
new text, either from other text (as in summarization), or from a
set of non-textual data. This can be applied whenever reports are
needed that describe how certain data streams develop over time.
Such systems have been built for generating weather and air
quality reports, or for summaries of medical diagnosis data. How-
ever, a text generator is in most cases not a stand-alone application
but embedded into a larger software environment, such as into a
clinical information system where patient data is collected, stored
and processed, and report generation is just one of many function-
alities.

There are many Czech research groups working on international
(e.g. English) applications. Only a part of the HLT effort in the
Czech Republic is dedicated particularly to Czech. There are many
NLP-components for Czech, such as spell-checkers, corpora, mor-
phological taggers and valency lexicons, along with a Czech colloca-
tion analyser (Word Sketch Engine for Czech, developed at the
Masaryk University in Brno, (Horak, Rychly, Kilgariff, 2009)) and
a manifold research of speech recognition and generation, but not
many more complex HLT applications ready to use in the industry.

To the best of our knowledge, there is just one working question-
answering system reported for Czech, developed by researchers at
the Masaryk University in Brno — UIO (standing for the Czech “Ar-
tificial Intelligence of a Monkey”), (Svoboda, 2003). UIO can ask
databases and the Web. In its current version, UIO can be used for
asking questions about train and coach timetables, cinema and
theatre performances, about currency exchange rates, name-days
and on the Diderot Encyclopedia. For all domains UIO has an accu-
racy rate about 80%. A competing (so far no-name) system is being
developed at the University of West Bohemia.

A simple conversational dialog system was developed at the Insti-
tute of Formal and Applied Linguistics, Charles University in
Prague in collaboration with the Faculty of Cybernetics at the Uni-
versity of West Bohemia in Pilsen and, to a lesser extent, with some
other consortium partners in the FP-6 Companions project
(HTTP://WWW.COMPANIONS-PROJECT.ORG). A human-like ava-
tar converses with seniors about their respective personal photo-
graph collections and life stories (Ptacek et al., 2010; Romportl et
al., 2010; Guber, Tihelka, 2010).

The Text-Mining Research Group at the University of West Bohe-
mia is developing a User Profile Generation system (Grolmus,
2003). This system performs text-mining on the documents gath-
ered and viewed by a user. It uses the (user-approved) information
to recommend particular documents on further searches as well as
to estimate the user’s expertise in a given domain. This application
can be used e.g. as a support of digital libraries.

WebGen, a similarly-named application developed at the Masaryk
University in Brno (LSD lab,
HTTP://LSD.FL.MUNI.CZ/WEBGEN/INDEX.PHP?PAGE=UVOD&LA
NG=EN) is a dialog-based system that helps visually impaired peo-
ple generate web presentations in Czech. It is still in development
(Bartel, Plhak, 2008).

The Department of Computer Graphics and Multimedia FIT BUT
Faculty of Information Technology at the Brno University of Tech-
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nology in Brno
HTTP://WWW.FIT.VUTBR.CZ/RESEARCH/VIEW_ PRODUCT.PHP.C
S?ID=157&NOTITLE=1 delivered speech-processing software that
adds semantic labels to speech transcripts (Speech Tagging, 2010).
The client side is an HTML user interface in a web browser access-
ing functionality provided by the server. The server enables upload
and analysis of speech records. The user is able to define and man-
age so called "tags", which are groups of semantic related key-
words. If some keyword is found in some record, the record is
tagged correspondingly. This service would be useful in e.g. crisis
management, when it is suitable to classify phone calls according to
words spoken, but, to our knowledge, it has not been employed in
real applications yet.

The Faculty of Cybernetics at the University of West Bohemia in
Pilsen has developed several speech-based applications for Czech,
such as a dialog system with train timetables or a dialog system for
students registering for exams on the phone (University VoiceXML
information system, HTTP://VOICE.ZCU.CZ/). Their research
groups run numerous projects aimed at assisting people with hear-
ing impairments, e.g. by translating between Czech and (Czech)
sign language.

Another useful application (developed in Pilsen) is a voice-
controlled system for dentists (Nagy et al.). It works in two modes:
in the first, it reads the record of a tooth in the mouth of the pa-
tient. In the second mode, it records the information that the den-
tist dictates and updates the status of the given tooth. Voice-control
is essential there, since the dentist is not allowed to touch either a
screen or controls on a dictation device while examining the pa-
tient.

The research groups from the University of West Bohemia and
from the Institute of Formal and Applied Linguistics at the Charles
University in Prague participated in the international MALACH
project (MALACH stands for “Multilingual Access to Large Spoken
Archives” and means “messenger angel” in Hebrew), (Psutka et al.,
2005). They were in charge of speech recognition and semantic
indexing of testimonies recorded in Czech and other Slavic lan-
guages. The Charles University now hosts one of the local access
points to the archive of testimonies of holocaust survivors. (Other
access points are located in the USA, Germany, Hungary, Izrael
and Australia)

The nearly 52,000 videotaped testimonies of the Shoah Foundation
Institute's Visual History Archive were recorded primarily between
1994 and 1999 in 56 countries and in 32 languages. While the ma-
jority of the interviews are with Jewish Holocaust survivors, the
archive also includes the testimonies of political prisoners, Sinti
and Roma (Gypsy) survivors, Jehovah's Witness survivors, surviv-
ors of eugenics policies, and homosexual survivors as well as rescu-
ers and aid providers, liberators, and participants in war crimes
trials.

The archive is accessible through an on-line interface, which en-
ables the users browsing and viewing the testimonies, deploying an
index of 55 thousand keywords and key phrases. The access point
in Prague stores more than 500 testimonies in Czech, with average
duration 2 hours. Other testimonies have to be ordered online from
the other access points, which usually takes a few hours.
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Miscellaneous

It would be misleading to judge the NLP-HLT research of the re-
spective countries only on the basis of how many resources and
applications for their national language they have produced. In
fact, there is a vicious circle in the NLP-HLT research for small
languages: the grant agencies as well as the government want to
support only the best teams. The best teams are the ones that pro-
duce the most internationally recognized publications. These are
significantly easier to achieve in research that has international
impact. While almost any improvement in any issue is interesting
to report on big or strategic languages such as English, Chinese or
Arabic, a research with the same outcome has a grossly humbler
impact when reported on languages that are interesting only for
their native speakers. To produce a good publication on a small
language, a real breakthrough is needed, whereas, obviously,
breakthroughs cannot be counted on to happen regularly. Besides,
even if a language-dependent result for a small language is con-
sidered a breakthrough by the local research community, it is still
difficult to present to international reviewers who are not familiar
with the language.

Also, language-independent solutions are generally preferred to the
language-dependent ones, since their commercial application is
cheaper. English is the natural first-choice language to experiment
on in the European context, as there are comprehensive high-
quality resources available for English. Also, the results are more
easily compared within the international community.

As a consequence, national teams focus on English rather than
relying on research on their national language. This is to be kept in
mind when assessing the quality of national HLT/NLP research
and development. A poor inventory of good HLT applications and
resources for a small language does not necessarily imply poor
research, but it can be a serious indicator of lacking governmental
support policy. Targeted governmental support of national-
language HLT is vital for language communities whose markets are
too small for national-language HLT to be endorsed by the private
sector.

LT Industry and Programs

O Industrial deployment of language technologies is not wide-
spread in Czechia. Businesses specialized in LT are rare. The
same holds for research & development departments of larger
companies. One notable exception is the IBM research team in
Prague working on voice technologies; however, their work is
not so much focused on the Czech language.

O Web search engines and services (Seznam, Centrum, Google
etc.) are nowadays generally capable of performing morphologi-
cal analysis and lemmatization. Google offers phrase-based ma-
chine translation of websites and user-supplied text both to and
from Czech. Seznam provides on-line dictionaries between
Czech on one side and English, German, French, Italian, Span-
ish or Russian on the other side. However, they don’t provide
translation of running text.

O There are companies developing and publishing bilingual elec-
tronic dictionaries as Windows applications. These typically
contain morphological analysis / lemmatization, some of them
also a sort of ontology.

O Cell phone manufacturers can use a Czech version of Tg.
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O Office software packages (such as Microsoft Office 2010) pro-
vide Czech spellchecking, grammar checking, sometimes also
machine translation and automatic speech recognition (voice
input).

O Phone switchboards and help/information applications employ-
ing automatic speech recognition are virtually unheard of. There
have been pilot projects with ASR by university teams special-
ized in ASR (most notably the University of West Bohemia in
Plzent and the Technical University in Liberec) but there is no
wide industrial application of such technologies.

O Czech speech recognition was commercialized by Newton Tech-
nologies company—a spin-off of the Technical University in
Liberec.

O Most of the government-originating funding programs are
maintained by the Czech Science Foundation (GACR) and fo-
cused on basic research. Recently (2009), a new Technological
Agency of the Czech Republic (Technologick4 agentura Ceské
republiky, TACR) has been established, which shall focus on
applied research. However, there are probably no LT-related
projects funded by TACR yet.

LT Research and Education

From the historical point of view, the names computational lin-
guistics, natural language processing and speech recognition have
been used for a longer time than the term language technologies,
at least in the context of research and education. No matter the
name, the disciplines related to the natural language comprise a
number of related objects of research and education: theoretical
linguistics, corpus linguistics, computer science, mathematics,
machine learning etc.

Czech Republic has a number of institutes that devote their re-
search and teaching to computational linguistics and spoken lan-
guage processing. Below we provide a detailed list of them includ-
ing the information what topics they are interested in at most (CL —
computational 1., CoL — corpus 1., TL — theoretical 1., ASR — auto-
matic speech recognition) and what study programs they offer, if
ever.

Charles University in Prague, Faculty of Mathematics and Physics
is offering the European Master Program in Language and Com-
munication Technologies as a part of its MSc. study program as
well as PhD program. Thanks to this activity, the Faculty can wel-
come the international students who give new impulses to their
Czech colleagues.

The IBM Research Prague is the only natural language research
and development lab outside the universities placed in the Czech
Republic.

The study programs the institutes offer emphasis on both theory
and practice. Unfortunately, a firm demand for such experts is very
low in the Czech Republic.

1 Charles University in Prague

O Institute of Formal and Applied Linguistics
(HTTP://UFAL.MFF.CUNI.CZ); CL, TL, ASR; BSc, MSc,
PhD;
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O Institute of Czech National Corpus
(HTTP://UCNK.FF.CUNI.CZ/ENGLISH/INDEX.PHP);CoL;
PhD.

O Institute of Theoretical and Computational Linguistics
(HTTP://UTKL.FF.CUNI.CZ); CL; PhD;

2 University of Economics in Prague

O Department of information and knowledge engineering
(HTTP://K1Z15.VSE.CZ/);datamining, semantic web, on-
tologies; BSc, MSc, PhD;

3 Czech Technical University in Prague

O Department of Cybernetics (http://cyber.felk.cvut.cz/);
robotics, artifitial intelligence; BSc, MSc, PhD;

O Department of Circuit Theory
(http://noel.feld.cvut.cz/speechlab/start.php?page=proje
cts&lang=en#2); ASR; BSc, MSc, PhD

4 Masaryk University, Brno

O Natural Language Processing Centre
(HTTP://NLP.FI.MUNI.CZ/EN/NLPLAB); CL, ASR;

O Department of Czech Language
(HTTP://WWW.MUNI.CZ/PHIL/211700?LANG=EN); CL,
TL; BSc, MSc, PhD;

5 Brno University of Technology

O Speech Processing Group
(HTTP://SPEECH.FIT.VUTBR.CZ/); ASR;

O Natural Language Processing Research Group
(http://www.fit.vutbr.cz/research/groups/nlp/index.php
?lang=en); CL;

6 University of West Bohemia

O Department of Cybernetics
(HTTP://WWW.KKY.ZCU.CZ/EN); ASR; BSc, MSc, PhD;

7 Technical University of Liberec
O Laboratory of Computer Speech Processing
(HTTPS://WWW.ITE.TUL.CZ/SPEECHLABE/); ASR;
Status of Tools and Resources for Czech

The following table provides an overview of the current situation of
language technology support for Czech. The rating of existing tools
and resources is based on educated estimations by several leading
experts using the following criteria (each ranging from o to 6).

1 Quantity: Does a tool/resource exist for the language at
hand? The more tools/resources exist, the higher the rating.

O 0: no tools/resources whatsoever
O 6: many tools/resources, large variety

2 Availability: Are tools/resources accessible, i.e.,are they
Open Source, freely usable on any platform or only available
for a high price or under very restricted conditions?

O o: practically all tools/resources are only available for a
high price
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O 6: a large amount of tools/resources is freely, openly
available under sensible Open Source or Creative Com-
mons licenses that allow re-use and re-purposing

Quality: How well are the respective performance criteria of
tools and quality indicators of resources met by the best
available tools, applications or resources? Are these
tools/resources current and also actively maintained?

O o: toy resource/tool

O 6: high-quality tool, human-quality annotations in a re-
source

Coverage: To which degree do the best tools meet the re-
spective coverage criteria (styles, genres, text sorts, linguistic
phenomena, types of input/output, number languages sup-
ported by an MT system etc.)? To which degree are resources
representative of the targeted language or sublanguages?

O o: special-purpose resource or tool, specific case, very
small coverage, only to be used for very specific, non-
general use cases

O 6: very broad coverage resource, very robust tool, widely
applicable, many languages supported

Maturity: Can the tool/resource be considered mature,
stable, ready for the market? Can the best available
tools/resources be used out-of-the-box or do they have to be
adapted? Is the performance of such a technology adequate
and ready for production use or is it only a prototype that
cannot be used for production systems? An indicator may be
whether resources/tools are accepted by the community and
successfully used in LT systems.

O o: preliminary prototype, toy system, proof-of-concept,
example resource exercise

O 6: immediately integratable/applicable component

Sustainability: How well can the tool/resource be main-
tained/integrated into current IT systems? Does the
tool/resource fulfil a certain level of sustainability concern-
ing documentation/manuals, explanation of use cases, front-
ends, GUIs etc.? Does it use/employ standard/best-practice
programming environments (such as Java EE)? Do in-
dustry/research standards/quasi-standards exist and if so, is
the tool/resource compliant (data formats etc.)?

O o: completely proprietary, ad hoc data formats and APIs
O 6: full standard-compliance, fully documented

Adaptability: How well can the best tools or resources be
adapted/extended to new tasks/domains/genres/text
types/use cases etc.?

O o: practically impossible to adapt a tool/resource to an-
other task, impossible even with large amounts of re-
sources or person months at hand

O 6: very high level of adaptability; adaptation also very
easy and efficiently possible
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Language Technology (Tools, Technologies, Applications)
Tokenization, Morphology (tokenization, POS L 5
tagging, morphological analysis/generation) 4 5 5 3 4
Parsing (shallow or deep syntactic analysis) 4 4 4 3 4 3 4
Sentence Semantics (WSD, argument structure,
semantic roles) 2 2 3 3 2 3 4
Text Sen‘lant'lcs(coreference resolution, context, 5 L 3 3 5 5 3
pragmatics, inference)
Advanced Discourse Processing (text structure,
coherence, rhetorical structure/RST, argumentative 0 0 0 0 0 0 0
zoning, argumentation, text patterns, text types etc.)
Information Retrieval(text indexing, multimedia IR, L L L
crosslingual IR) 4 4 5 4
Information Extraction (named entity recognition,
event/relation extraction, opinion/sentiment 2 4 4 4 3 2 4
recognition, text mining/analytics)
Language Generation (sentence generation, report 5 ) 5
generation, text generation) 3 3 3 4
Summarl.zatlon, Question Answerlng, advanced o o o o o o o
Information Access Technologies
Machine Translation 5 4 2 3 4 2 3
Speech Recognition 4 5 4 4 3 4 4
Speech Synthesis 3 3 3 4 3 3 2
Dialogue Management (dialogue capabilities and user
modelling) 4 5 5| 5| 4| 4 4
Language Resources (Resources, Data, Knowledge Bases)
Reference Corpora 4 3 5 5 5 4 1
Syntax-Corpora(treebanks, dependency banks) 4 3 6 3 6 5 4
Semantics-Corpora 4 3 4 3 4 5 4
Discourse-Corpora 2 1 3 2 2 3 3
Parallel Corpora, Translation Memories 2 4 3 4 2 2 3
Speech-Corpora (raw speech data, labelled/annotated
P pora (raw sp / al 1] 4l 2| 3| 3| 2

speech data, speech dialogue data)
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Multimedia and multimodal data 5 5
(text data combined with audio/video) 4 4 3 3
Language Models 3 1 4 4 4 2 3
Lexicons, Terminologies 3 2 3 4 2 3 2
Grammars 1 1 3 2 2 1 1
Thesauri, WordNets 5 2 3 4 3 3 2
Ontological Resources for World Knowledge (e.g. 5 5 5 5 L
upper models, Linked Data) 3 3

Conclusions

]

]

While some specific corpora of high quality exist, a very large
syntactically annotated corpus is not available.

There is a highly elaborated syntactically annotated corpus for
Czech. However, the corpus is not available for free (can be
bought via LDC). Several extending annotations (coreference,
discourse etc.) are being performed on top of the corpus, but
they are not yet finished.

For Czech, a large text corpus exists, but it is not available for
automatic processing (only for on-line searching).

Many of the resources lack standardization, i.e., even if they
exist, sustainability is not given; concerted programs and initia-
tives are needed to standardize data and interchange formats.

Semantics is more difficult than syntax; text semantics is more
difficult than word and sentence semantics.

Research was successful in designing particular high quality
software, but it is nearly impossible to come up with sustainable
and standardized solutions given the current funding situations.

There is an ontological resource for Czech (even mapped to
other European ontological resources) but its coverage is lim-
ited.

Speech Recognition of Czech is studied at several universities
and workplaces but free tools and data are not available.

The main problems of large vocabulary recognizers are in spe-
cific Czech language modeling.

In the field of speech synthesis, there are available open source
packages, but the speech synthesis with more natural voices is
available only in commercial applications.

Czech dialogue systems are very little extended due to poor ac-
cessibility of high quality speech recognition modules of Czech.
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O For the web search, there is enough room both for improving
existing popular local search engines through the academia-
industry collaboration, or for introducing a new one.
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About META-NET

META-NET is a Network of Excellence funded by the European
Commission. The network currently consists of 47 members from
31 European countries. META-NET fosters the Multilingual Europe
Technology Alliance (META), a growing community of language
technology professionals and organisations in Europe.

Figure 1: Countries Represented in META-NET

META-NET cooperates with other initiatives like the Common
Language Resources and Technology Infrastructure (CLARIN),
which is helping establish digital humanities research in Europe.
META-NET fosters the technological foundations for the estab-
lishment and maintenance of a truly multilingual European infor-
mation society that:

O makes communication and cooperation possible across lan-
guages;

O provides equal access to information and knowledge in any lan-
guage;

O offers advanced and affordable networked information technol-
ogy to European citizens.

META-NET stimulates and promotes multilingual technologies for
all European languages. The technologies enable automatic trans-
lation, content production, information processing and knowledge
management for a wide variety of applications and subject do-
mains. The network wants to improve current approaches, so bet-
ter communication and cooperation across languages can take
place. Europeans have an equal right to information and know-
ledge regardless of language.

Lines of Action

META-NET launched on 1 February 2010 with the goal of advan-
cing research in language technology (LT). The network supports a
Europe that unites as a single, digital market and information
space. META-NET has conducted several activities that further its

The Multilingual Europe Tech-

nology Alliance (META)
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goals. META-VISION, META-SHARE and META-RESEARCH are
the network’s three lines of action.

Figure 2: Three Lines of Action in META-NET

META-VISION fosters a dynamic and influential stakeholder
community that unites around a shared vision and a common stra-
tegic research agenda (SRA). The main focus of this activity is to
build a coherent and cohesive LT community in Europe by bringing
together representatives from highly fragmented and diverse
groups of stakeholders. In the first year of META-NET, presenta-
tions at the FLaReNet Forum (Spain), Language Technology Days
(Luxembourg), JIAMCATT 2010 (Luxembourg), LREC 2010
(Malta), EAMT 2010 (France) and ICT 2010 (Belgium) centred on
public outreach. According to initial estimates, META-NET has
already contacted more than 2,500 LT professionals to develop its
goals and visions with them. At the META-FORUM 2010 event in
Brussels, META-NET communicated the initial results of its vision
building process to more than 250 participants. In a series of inter-
active sessions, the participants provided feedback on the visions
presented by the network.

META-SHARE creates an open, distributed facility for exchang-
ing and sharing resources. The peer-to-peer network of repositories
will contain language data, tools and web services that are doc-
umented with high-quality metadata and organised in standardised
categories. The resources can be readily accessed and uniformly
searched. The available resources include free, open source materi-
als as well as restricted, commercially available, fee-based items.
META-SHARE targets existing language data, tools and systems as
well as new and emerging products that are required for building
and evaluating new technologies, products and services. The reuse,
combination, repurposing and re-engineering of language data and
tools plays a crucial role. META-SHARE will eventually become a
critical part of the LT marketplace for developers, localisation ex-
perts, researchers, translators and language professionals from
small, mid-sized and large enterprises. META-SHARE addresses
the full development cycle of LT—from research to innovative pro-
ducts and services. A key aspect of this activity is establishing
META-SHARE as an important and valuable part of a European
and global infrastructure for the LT community.

META-RESEARCH builds bridges to related technology fields.
This activity seeks to leverage advances in other fields and to capi-
talise on innovative research that can benefit language technology.
In particular, this activity wants to bring more semantics into ma-
chine translation (MT), optimise the division of labour in hybrid
MT, exploit context when computing automatic translations and
prepare an empirical base for MT. META-RESEARCH is working
with other fields and disciplines, such as machine learning and the
Semantic Web community. META-RESEARCH focuses on collect-
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ing data, preparing data sets and organising language resources for
evaluation purposes; compiling inventories of tools and methods;
and organising workshops and training events for members of the
community. This activity has already clearly identified aspects of
MT where semantics can impact current best practices. In addition,
the activity has created recommendations on how to approach the
problem of integrating semantic information in MT. META-
RESEARCH is also finalising a new language resource for MT, the
Annotated Hybrid Sample MT Corpus, which provides data for
English-German, English-Spanish and English-Czech language
pairs. META-RESEARCH has also developed software that collects
multilingual corpora that are hidden on the web.

Member Organisations

The following table lists the organisations and their representatives
that participate in META-NET.

Country Organisation Participant(s)
Austria University of Vienna Gerhard Budin
Belgium University of Antwerp Walter Daelemans
University of Leuven Dirk van Compernolle
Bulgaria Bulgarian Academy of Sciences Svetla Koeva
Croatia University of Zagreb Marko Tadi¢
Cyprus University of Cyprus Jack Burston
Czech Charles University in Prague Jan Hajic
Republic
Denmark University of Copenhagen Bolette Sandford Pedersen and
Bente Maegaard
Estonia University of Tartu Tiit Roosmaa
Finland Aalto University Timo Honkela
University of Helsinki Kimmo Koskenniemi and
Krister Linden
France CNRS/LIMSI Joseph Mariani
Evaluations and Language Khalid Choukri
Resources Distribution Agency
Germany DFKI Hans Uszkoreit and
Georg Rehm
RWTH Aachen University Hermann Ney
Saarland University Manfred Pinkal
Greece Institute for Language and Speech Stelios Piperidis
Processing, "Athena" R.C.
Hungary Hungarian Academy of Sciences Tamas Varadi
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Country

Iceland
Ireland

Italy

Latvia

Lithuania

Luxembourg
Malta

Netherlands

Norway

Poland

Portugal

Romania

Serbia

Slovakia
Slovenia

Spain

Organisation

Budapest University of Technology
and Economics

University of Iceland

Dublin City University

Consiglio Nazionale Ricerche,
Istituto di Linguistica
Computazionale "Antonio Zampolli"
Fondazione Bruno Kessler

Tilde

Institute of Mathematics and
Computer Science, University of

Latvia

Institute of the Lithuanian
Language

Arax Ltd.

University of Malta
Utrecht University
University of Groningen
University of Bergen

Polish Academy of Sciences

University of Lodz

University of Lisbon

Institute for Systems Engineering
and Computers

Romanian Academy of Sciences
Alexandru Ioan Cuza University

University of Belgrade

Institute Mihailo Pupin

Slovak Academy of Sciences
Jozef Stefan Institute

Barcelona Media

Technical University of Catalonia

Pompeu Fabra University

Participant(s)

Géza Németh and
Gébor Olaszy

Eirikur Rognvaldsson
Josef van Genabith

Nicoletta Calzolari

Bernardo Magnini
Andrejs Vasiljevs

Inguna Skadina

Jolanta Zabarskaite

Vartkes Goetcherian
Mike Rosner

Jan Odijk

Gertjan van Noord
Koenraad De Smedt

Adam Przepiérkowski and
Maciej Ogrodniczuk

Barbara Lewandowska-Tomaszczyk
and Piotr Pezik

Antonio Branco

Isabel Trancoso

Dan Tufis
Dan Cristea

Dusko Vitas, Cvetana Krstev and
Ivan Obradovic

Sanja Vranes
Radovan Garabik
Marko Grobelnik
Toni Badia
Asuncion Moreno

Niria Bel
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Country Organisation Participant(s)

Sweden University of Gothenburg Lars Borin

UK University of Manchester Sophia Ananiadou
University of Edinburgh Steve Renals

42



References

1 European Commission Directorate-General Information Society and Media, User language
preferences online, Flash Eurobarometer #313, 2011
(http://ec.europa.eu/public_opinion/flash/fl_313_en.pdf).

2 European Commission, Multilingualism: an asset for Europe and a shared commitment, Brussels,
2008 (http://ec.europa.eu/education/languages/pdf/com/2008_0566_en.pdf).

3 UNESCO Director-General, Intersectoral mid-term strategy on languages and multilingualism,
Paris, 2007 (http://unesdoc.unesco.org/images/0015/001503/150335¢e.pdf).

4 European Commission Directorate-General for Translation, Size of the language industry in the EU,
Kingston Upon Thames, 2009 (http://ec.europa.eu/dgs/translation/publications/studies).

5 The number of citizen in CR was in the middle of 2010 10,5 million (according the Czech Statistical
Office).

6 See http://www.czech-language/overview
7 See http://www.ethnologue.org

8 The context for ex. (5) is introducing of the new service for parents: They can ask for a taxi with a
nun, which takes care of a child.

9 See http//cs.wikipedia.org

10 HTTP:/ /PRIRUCKA.UJC.CAS.CZ/

11 See http://www.coe.int/t/dg4/linguistc/ CADRE_EN.asp#TopOfPage

12 More info on the STYX system is available at HTTP://UFAL.MFF.CUNI.CZ/STYX.

13 CETLEF is a French acronym for Understanding and Correction of Errors in Czech as a Foreign
Language for French Learners. It is available at HTTP://WWW.CETLEF.FR.

14 See HTTP://WWW.C2J.CZ/ATTACHMENTS/105_2010_WKSH_ LIBEREC_ NIKI3.PDF

43




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


