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The current state of corpus tagging

Text corpora are an invaluable source of linguistic evidence, answering the need for richer and
more representative data in virtually all linguistic disciplines. This need, aided by the develop-
ment in computer technology, resulted in the creation of a whole new field — corpus linguistics.
To better serve their purpose, corpora can be tagged, i.e. enhanced with some linguistic infor-
mation: lemma, part of speech or a set of morphological categories.

Some corpora also include syntactic annotation, usually in the form of a syntactic tree, which
is why such corpora are called treebanks. The oldest and best known treebank is the Penn
Treebank (Marcus et al., 1993), built since 1989. It was tagged automatically, but corrected
manually, with a significant amount of human effort. Since then, other treebanks were created
for several tens of languages. As creating a treebank incurs high costs in terms of tedious
manual work, the largest existing treebanks reach the relatively modest sizes of several million
words, an insufficient number for many tasks.

The only large syntactically annotated corpus of Czech is the Prague Dependency Treebank
(Hajic¢, 2006; PDT, 2006), built at the Faculty of Mathematics and Physics at Charles Univer-
sity. It contains about 1.5 million words, manually annotated with dependency trees, explicitly
following the theoretical framework of Functional Generative Description (Sgall et al., 1986).!

The relatively small size of the Prague Dependency Treebank and its theoretical bias is a
reason to further explore the path to a representative treebank of Czech. Among the morpho-
logically tagged corpora, the Czech National Corpus (CNC, 2008) contains in its largest text
resource about 500 million words. As the new millennium is approaching the end of its first
decade, we believe CNC is ready for syntactic annotation. The Prague Dependency Treebank,
developed with so much effort, has provided both the data needed for a practically usable pars-
ing tool and the experience useful for making the further step. We plan to provide syntactic
annotation for the Czech National Corpus with an unbiased annotation scheme, search interface
using a representation accessible to lay users, and more options for experts.

'See Kudera (2006) and Hladk4 and Kugera (2008) for a project intended to make the Prague Dependency
Treebank more accessible to students, where one of the main modifications is a different geometry of the syntactic
tree, corresponding to the standard introduction to syntax as presented in Czech schools.



Goals of the project

Intuitive representation

Our project will result in procedures and tools for syntactic annotation of Czech texts, intended
primarily for texts in the Czech National Corpus. Unlike the Prague Dependency Treebank, with
its theoretically motivated design and primarily academic audience, a resource of this type has
users beyond the research community, which imposes specific requirements on the annotation
scheme and its representation in the corpus search interface. Syntactic information, including
syntactic structure, should be easy to understand, following the common linguistic intuition and
allowing for various amount of detail to be displayed even in a linear notation, with the tree
graph display as an option and the rest of available information present in the data for other,
more sophisticated uses. The default representation of syntactic structure should be more or less
in line with the standard known to Czech students at the higher elementary and secondary levels,
who are exposed to a relatively extensive introduction to syntax as a part of their curriculum.
This system is largely based on Smilauer (1966), inspired in turn by practical needs of primary
and secondary schools, rather than by a particular syntactic theory. The concepts and the search
interface should then be easy to understand for secondary school graduates without any special
linguistic training. We expect that the annotated corpus will be useful to teachers of Czech
language at all levels, to students and, indeed, to linguists.

Multiple interpretations

While presenting an easy, friendly interface to the lay user, the syntactic annotation scheme
should not impose a single way of representing syntactic structure on everyone. The scheme
should allow for multiple interpretations: in addition to the “easy”, secondary-school-like for-
mat, there are at least two other obvious options: the dependency-based representation corre-
sponding to the output of the stochastic parser, and a representation based on flat constituency
trees. The last option will make the annotation more attractive to the international community
of linguists, most of whom have no background in dependency grammar. We believe that the
option to interpret the annotated data according to the user’s (theoretical) preference will be
an important and welcome feature of the search interface and a viable design principle of the
annotation scheme.

Ambiguity and partial information

Corpus annotation is mostly unambiguous. Yet ambiguity is sometimes inevitable for fun-
damental reasons, whether on the level of morphology or syntax.? Additionally, unresolved
ambiguity may be preferable to an arbitrary decision in case of poor evidence or some other
insufficiency. For these reasons, our annotation scheme should allow for the possibility of pre-
serving ambiguity by means of underspecification or (local) disjunction at all levels. In the
most extreme case, a sentence can be annotated as a single syntactic chunk including a string
of words. A partial analysis may identify a word’s head, or its membership in a constituent,
or its syntactic function, or any combination of the above, while still leaving other syntactic
relationships in the sentence unresolved. We do not expect that unresolved ambiguity will be

2Examples include valency slots with ambiguous case requirements filled by nouns exhibiting case syncretism,
or structures involving PP-attachment ambiguity without a difference in meaning (see for example, Oliva (2001)).



our preferred solution if unambiguous interpretation is attainable, but we wish to leave it as an
option for all other cases.

Minimal human intervention

We wish to make full use of previous efforts and build on top of as many tools and resources as
possible and practical. The most obvious candidates are tools developed using the Prague De-
pendency Treebank as their training data, especially a stochastic parser (Holan and Zabokrtsky,
2006). The main benefit is that unlike most previous efforts, our syntactic annotation procedure
can be automatic (except for the evaluation of results, leading to improvement and development
of error correction tools). This will make the method suitable for annotating large corpora, such
as the Czech National Corpus, where proofreading all annotated text for manual corrections is
entirely unrealistic. Instead, an important part of the project will be evaluation of results and
analysis of errors in the syntactic annotation. Results of the analysis will be used to build and
optimize automatic error correcting tools.

Methodology

The source of data

The input data will be extracted from the Czech National Corpus (CNC, 2008) without lin-
guistic tags. The text will be morphologically analyzed (using the analyzer described in Haji¢
(2004)) and then disambiguated. For morphological disambiguation, we will use a tool based
on linguistic rules, developed at our institute (Petkevi¢, 2006), in combination with a stochastic
tool morée (Votrubec (Raab), 2005).

Stochastic parsing and conversion of results

In the next step, the morphologically tagged texts will be parsed by a tool included in the
tectomt package (Zabokrtsky et al., 2008), namely by the stochastic parser developed by Holan
and Zabokrtsky (2006). Its success rate of 86% makes it currently the best performing parser
of Czech.® The output consists of dependency trees, corresponding to the levels of surface and
underlying syntax (a-level, t-level) of the Prague Dependency Treebank.* Syntactic structure,
syntactic functions and other relevant information identified by the parser will be extracted from
the PDT format and transformed into the new annotation scheme, designed for the purpose of
presenting the annotated corpus to a wide linguistic public. Any other details of the annotation
will be available on as an option to experts.

Annotation scheme and its representation

The new scheme abandons the strict dependency tree geometry of the source in favour of a
less arbitrary and more intuitive treatment of potentially contentious phenomena: coordination,
constructions including function words (verbal auxiliaries, prepositions, particles, subordinat-
ing conjunctions), and multi-word units, while allowing for the specification of dual heads (in

3This result is measured on PDT texts. The parser’s error rate may drop by up to 2% for some type of texts.
“Both syntactic levels of PDT will be useful: only #-level includes explicit referential links.



some frameworks corresponding to a distinction between syntactic heads in surface and deep
syntax), useful in many constructions mentioned above, and also in some constructions involv-
ing quantified nominals.’ But all this does not mean that the original dependency format will be
lost in the new scheme, nor that the scheme will impose a single mode of representing syntactic
structure.

The envisaged format of the data will encode potentially multiple interpretations of a single
string of text words, each of these interpretations consisting of three basic characteristics of
syntactic structure: word order (including morphological markup), constituency (potentially
discontinuous), and dependency (potentially multi-headed):

e The word-order dimension is a linear structure of (possibly underspecified or disjunc-
tive) morphological tags referring to orthographical words in the text string, with the two
structures usually corresponding in order and cardinality. The exceptions to the 1:1 pat-
tern include mismatches between orthographical and syntactic words, represented, e.g.,
by the agglutinating clitic auxiliary s: kdes, or frozen multi-word units: ldZo pldZo.

e The constituency dimension consists of constituents or chunks, referring to items in the
word-order structure or to other constituents. In a full parse of a sentence, it is equivalent
to a flat phrase structure tree, but partial trees are not excluded.

e The dependency dimension consists of links referring to items in the word order structure.
In a full parse of the sentence, it is equivalent to a dependency tree. Links can be labelled,
possibly by syntactic functions, and can be of multiple types. This allows for deep and
surface dependency relations to be expressed within one structure, or for the treatment of
some constructions as multi-headed (coordination).

In the standard case, all links corresponding to the parse tree will be available: those relating
heads with their dependents, as well as those grouping words into constituents. However, this
setup may also support underspecification and disjunction at an arbitrary level, allowing for
head-less or multi-head constituents, multiple or partial (sub)trees, or even a sequence of chunks
interspersed with words as a very partial syntactic analysis. Multiple options may be treated as
disjoint to represent ambiguity, or complementary to represent different dimensions, such as
dependency links corresponding to surface and deep syntax.

Data in such a format will be searched and displayed through an interface capable of ex-
tracting and representing syntactic structure according to the user’s preference. The default will
be the “easy” mode, corresponding to the school standard, but other options will be available to
access all information present in the annotated text in an efficient and intuitive way.

Improving the baseline success rate

To improve the success rate of the stochastic parser (our baseline), we plan the following mea-

sures:®

e The input to the stochastic parser is a fully disambiguated result of morphological anal-
ysis, with an error rate of its own (about 4%). The parser must cope with this initial

3In a treebank of Polish, Przepiérkowski (2007) distinguishes syntactic and semantic heads.
*Improvements will be measured on comparable data, i.e. excluding any cases involving underspecification or
disjunction.



handicap as a given fact, and cannot backtrack to another, more plausible morphologi-
cal tag, rejected in the previous step. We intend to experiment with multiple alternative
options for a single word at the input to the parser and choose the optimal scenario.

o Steps following the stochastic parsing will be largely determined by the results of an ex-
tensive analysis of errors. The analysis will include evaluation of multiple parses (n-best)
to find the optimal strategy for improving the parsing result, with the three complementary
approaches:

— Choosing the parse (sub)tree that looks most promising according to a metric (sat-
isfying most / violating least linguistically motivated criteria)
— Manipulating the best parse tree to correct an identified error

— Introducing underspecification or local disjunction to express genuine ambiguity, or
ambiguity as a solution to difficult problems

The set of tools used in this task represents a radical extension of our rule-based morpholog-
ical disambiguation paradigm (Petkevic¢, 2006), including a syntax-oriented version of negative
rules, designed to prune parse forests, and will be aided by the following lexically specific
information:

e Valency lexicon (Skoumalov4, 2001; Lopatkova et al., 2008)
e Dictionary of multi-word units (Hnatkova, 2006)

e Semantic classification of nouns (acquired from a thesaurus, e.g., WordNet (Pala and
Smrz, 2004))

We expect that some improvements will require semantic information, and that the fuzzy
nature of semantic regularities will find its proper implementation in stochastic methods targeted
on individual lexemes.

Evaluation

For the purpose of evalution of our results we will use a balanced manually annotated corpus
sample. The baseline will be the result of the stochastic parser achieved on the sample corpus
(after conversion to our format). Then we will run the correcting procedures and compare the
result with the manually annotated corpus again.

As an experiment, we will annotate a sample of the Prague Dependency Treebank texts
manually according to our syntactic concept, and compare it with the real PDT data converted
to our system of syntactic representation.

Schedule

In the first year of the project we will complete the following tasks:

e Designing annotation scheme and corpus search interface

e Testing available tools and their customization
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e Creating data format converters

e Manually annotating a sample corpus (several tens of thousand words)
The second year:

e Implementing corpus search interface

Automatic annotation of the sample corpus

Error analysis, error classification

Developing tools for automatic correction of errors

Linguistic rules for the correction tools
The third year:

e Comparison of a converted PDT sample with our results

Error analysis

Improving linguistic rules

Annotation of the entire experimental corpus (1 million words)

Manual correction of results

Results and their presentation

The results of our project will be twofold — practical and theoretical; and journal articles and
conference papers. The practical results will include

e Design of a syntactic annotation scheme supporting (i) a hybrid dependency/constituency
format, and (ii) underspecified or disjunctive expressions at various levels of granularity

e A set of tools for syntactic annotation of Czech texts incorporating the stochastic parser,
using the above scheme, with a success rate improvement on comparable data over the
baseline results of the stochastic parser

e Pilot version of a corpus search interface capable of user-friendly interaction with the new
syntactic annotation scheme

e Syntactically annotated experimental corpus

e In-depth analysis of parsing results, potentially useful for the development of more effi-
cient methods and tools beyond the scope of the present project

Theoretical results:

e Evaluation of results of the stochastic parser, with a detailed qualitative analysis of errors



e Paradoxically, we believe that an effort to design a theoretically unbiased annotation
scheme with multiple representation options should bring theoretical fruit.

As for the conference papers, we plan to present our work at the following conferences:

e Text, Speech and Dialogue (TSD)

e Language Resources (LREC)

e CLARET workshop

e (E)ACL conference

e Computational Linguistics — Applications Workshop (CLA)

The International Workshop on Treebanks and Linguistic Theories

We also plan submissions to journals on computational or corpus linguistics, such as Interna-
tional Journal of Corpus Linguistics, Prague Bulletin of Mathematical Linguistics, and Corpus
Linguistics and Linguistic Theory. A collection of papers on project-related topics can also be
published in the series Studie z korpusové lingvistiky (Studies in Corpus Linguistics, publisher:
Nakladatelstvi Lidové noviny, Prague).

Hardware and human resources

Our institute is well equipped with hardware: a server with 8 CPU’s and another workgroup
server equipped with 6 thin clients (Sun Ray). As for human resources, we expect that the work
will be done by the following collaborators:

doc. RNDr. Vladimir Petkevic¢, CSc. — Head of the Institute of Theoretical and Computational
Linguistics, an expert in the field of corpus linguistics, participated in many projects sup-
ported by GACR or other institutions. Often participates in international projects; was the
Czech team leader in projects CONCEDE (Consortium for Central European Dictionary
Encoding; 1998-2000; PL-1142) and MULTEXT-EAST (Multilingual Text Tools and
Corpora for Central and Eastern European Languages; 1995-1997; COP106). Also took
part in projects Trans-European Language Resources Initiative (TELRI; 1995-1997) and
Language Technologies for Slavic Languages (LATESLAV; PECO 2824; 1993-1995).

In the present project, he will be responsible for its management, and for the development
of linguistic rules improving the output of the stochastic parser. Bonus: 80,000 CZK per
annum.

RNDr. Milena Hnatkova, CSc. — Researcher, member of the Institute of Theoretical and Com-
putational Linguistics. Her main interests are morphology, phraseology, collocations, and
linguistic rules for shallow parsing.

In the project, she will be responsible for identifying collocations, and she will also par-
ticipate in error analysis and the development of linguistic rules. Bonus: 80,000 CZK per
annum.



Mgr. Tomas Jelinek — Researcher, part-time member of the Institute of Theoretical and Com-
putational Linguistics and graduate student of mathematical linguistics. His main inter-
ests are syntax and development of linguistic rules for shallow parsing.

In the project, he will work on linguistic rules and error analysis. Project workload: 30%,
we apply for 170,000 CZK per annum (incl. personal compensation) to extend his part-
time workload from 70% to 100%.

Ing. Alexandr Rosen, Ph.D. —Researcher, deputy head of the Institute of Theoretical and Com-
putational Linguistics. His main interests are formal grammars, linguistic theories, and
representation of language structures.

In the project, he will be responsible for the design of the syntactic annotation scheme
and the search interface, and he will also work on error analysis. Bonus: 80,000 CZK per
annum.

RNDr. Hana Skoumalova, Ph.D. — Researcher, member of the Institute of Theoretical and
Computational Linguistics. Her main interests are morphology, syntax and verb valency.

In the project, she will cooperate on the design of the syntactic representation and she
will also work on linguistic rules and error analysis. Bonus: 80,000 CZK per annum.

Computational linguist / programmer - responsible for the implementation of (i) data con-
version routines, (ii) parse trees re-ranking and error correction rules, and (iii) the corpus
search interface. He will also cooperate on the design of the syntactic annotation scheme.
We plan to hire a full-time collaborator with the salary of 400,000 CZK per annum (incl.
personal compensation). The candidate must prove her experience with natural language
processing and software development, have the degree Ph.D. (or equivalent), or be a grad-
uate student of mathematical linguistics (or an equivalent discipline).

Our present candidate for this post is RNDr. Jifi Hana, Ph.D., currently a Software De-
veloper at the Center for Human Resource Research at The Ohio State University. He
was involved in the morphological annotation of the Prague Dependency Treebank and
of the Czech Academic Corpus, creating tools and guidelines for annotators. His main
interests are morphology, tagging, and mathematical models of grammar. In case he will
not be available at the moment of project start, we will hire another person who will meet
our criteria.

Jirina Kovarikova — Assistant at the Institute of Theoretical and Computational Linguistics.
Will be responsible for administrative tasks, and will also work on error evaluation and
auxiliary tasks. We apply for 55,000 CZK per year (incl. personal compensation) for her
to extend her part-time workload of 50% at the faculty to 75 %.

In addition to these participants, we plan to hire students for the evaluation of data and other
auxiliary tasks.
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1. doc. Adam Przepiorkowski, PhD
field: computational linguistics: deep and shallow parsing of Polish
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information extraction
machine learning methods in NLP
e-mail: adamp@ipipan.waw.pl

address: Polish Academy of Sciences
Institute of Computer Science
ul. Ordona 21
01-237 Warszawa
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url: http://nlp.ipipan.waw.pl/

2. Dr. Roland Meyer
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3. Prof. Dr. Tilman Berger

field: corpus linguistics
Slavic linguistics

e-mail: tbergerQuni-tuebingen.de

address: Slavisches Seminar der Universitét Tiibingen
Wilhelmstralle 50
72074 Tiibingen
Germany

url: http://www.slavistik.uni-tuebingen.de/
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1974-79 studied at Charles University, Faculty of Mathematics and Physics

1985 was awarded the title RNDr. (approx. MSc.)

1979-92 worked in the Research institute of mathematical machines

1992 defended disertation in the field of computer science and informatics

1993-now works at Charles University, Faculty of Arts

1994-now director of the Institute of Theoretical and Computational Linguistics at the Faculty of Arts

1996 habilitation in the field mathematical lingustics with the work Underlying Structure of Sentence
Based on Dependency

1996-now head of the synchronic linguistic section of the Institute of Czech National Corpus, Faculty
of Arts
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2004-07 GA AV CR 1ET100610409 Diagnostické a evaluacni ndstroje pro lingvisticky software (Dia-
gnostic and Evaluation Tools for Linguistic Software); head investigator: K. Oliva

2005-11 Research Project MSM0021620823 Cesky ndrodni korpus a korpusy dalsich jazykii (Czech
National Corpus and Corpora of Other Languages); head investigator: F. Cermdk
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