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Abstract

Electronic lexical resources are the base of various NLP tools (POS taggers, chunkers, NERs, etc.). Out
of the largest Romanian language dictionary, “Dictionarul Limbii Roméne” (DLR), a first XML version
was obtained during the eDTLR project. Dictionary Entry Parsing is the process through which
structured formats are obtained out of complex dictionary entries presented in input in electronic text
formats. At the moment, the electronic version of the DLR, the eDTLR, is undergoing a complete
reparsing, based on new input data, which will enhance the quality and remove possible missing parts.
This paper describes an approach based on a Content Management System for managing parsed entries,
both during the reparsing process and after, for public exposure. The system will manage the current
status of all recognized entries of a dictionary (unparsed, partially parsed, successfully parsed and parsed
with errors), will be capable of calling successive steps of the parsing process (in order to process new
volumes or to reparse entries) and will offer a secure way in which researchers can search for entries,
create complex queries and view custom statistics.
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1 Introduction

During recent years, the number and complexity of Natural Language Processing tools, as well as the need for
such tools, have steadily increased. Because of this, the requirement for linguistic resources has increased at a
similar rate, bringing to the forefront the issue of digitizing existing resources, in order to make them compatible
with the tools and processes currently in use.

One such very large linguistic resource is made up of printed dictionaries, built over the course of many years, by
large teams of researchers, and generally edited in an unstructured format. The largest such dictionary for the
Romanian language is the “Romanian Language Thesaurus Dictionary” (Dictionarul Limbii Romdne — DLR),
made up of more than 175.000 words and variants, written over a span of more than one hundred years, by
hundreds of lexicographers. The usefulness of this dictionary for the field of NLP is unquestionable, as it is the
most detailed dictionary for the Romanian language to date, describing not only word senses (which are
represented in a tree-like logical structure), but also assigning a large number of examples for each sense
(sentences containing the word sense in question extracted from a large set of bibliographical references, covering
most of the known uses of that sense over the years). Since the elaboration and publishing of the DLR started
more than 100 year ago, most of the volumes published are only available in printed format; in more recent years,
some volumes have been edited electronically, but the electronic format was more concerned with the surface
form rather than on strictly keeping with norms out of which a structured form can be deciphered, although a tree-
like structure of sense entries was always present.

2. eDTLR

During the eDLTR project (Cristea et al., 2007), a team of researchers has attempted to transform DLR from a
mostly printed form dictionary to a structured, electronic form dictionary, by doing Dictionary Entry Parsing
(DEP). DEP is the process by which, given an unstructured dictionary entry or volume, the sense tree of each
entry is automatically obtained on the basis of the various typographical markers which are used to code
lexicographic information. For the eDTLR project, a new type of DEP was proposed (Curteanu et al., 2008),
which was eventually refined into the DSSD algorithm (Dictionary Sense Segmentation and Dependency —
(Curteanu et al., 2010), (Curteanu et al., 2012), (Curteanu et al., 2013)). This algorithm is based on the observation
that many thesauri can be parsed by following the same three basic steps:

e  Segmentation, either at the entry level or the sense level. This assumes that the input text, although not
marked explicitly for structure, is formatted (e.g. bold, italic, superscript, etc.) and that there is a
consistent manner of typographically marking senses and entries.



e Dependency assignment, which is to say that the senses identified above can be organized in a tree
structure for each entry, by exploiting typographical markers.

e Parsing of atomic definitions. Each sense item (a sense item is a node in an entry sense tree) is generally
made up of the marker identifying the sense and the associated gloss for that sense; it can also contain
some other information such as examples, citations, bibliographical references, morphological
information, etc. All of these items need to be identified so that the information available in the dictionary
is fully utilized.

The DSSD algorithm is robust, in the sense that, whatever the entry and whatever errors there may be (in terms
of marker usage, scanning quality, etc.), the parsing procedure always returns a result, even if it leads to only a
partial structure. For example, given a malformed entry with a correctly represented sense tree but with incorrectly
formatted atomic definitions, the DSSD will correctly perform sense segmentation and will also correctly create
the associated sense tree; in those cases where the atomic definitions are correctly represented, they will be parsed
without error, and the algorithm will only leave as unparsed those areas which are problematic. This is in contrast
to previous DEP algorithm, which usually employed an all or nothing approach, which discarded many of correct
parses due to small errors (Curteanu et al., 2008), (Curteanu et al., 2010).

Although the DSSD algorithm is robust and highly accurate (Curteanu et al., 2008), its performance is dependent
on the quality of the input data. This means that, in the case of incorrectly formatted entries (e.g. text that should
be bold is actually formatted in some other way, incorrectly recognized letters or paragraphs, etc) or an error
induced by the OCR process, it is possible that the entry and sense markers will not be recognized, which leads
to errors in parsing. This can be solved through the correction of the input data, either by using a better OCR or
by applying heuristics able to deal with incorrect input, in order to remove systematic errors. During the eDTLR
project, the DLR was completely parsed using a DSSD type algorithm, but, for reasons explained, the parsed
version still contains errors such as incorrectly parsed entries, entries that are incomplete or even missing, and
entries that have been mistakenly recognized as such (Cristea et al., 2011). Many of the issues mentioned above
can be solved by improving the quality of the input data by various means and then reparsing that data.

In order to guarantee that the correction and reparsing process is complete and does not miss any entry, it has to
be properly managed so that completeness is guaranteed, and correctness adheres to the minimal standards
imposed by the authors of the dictionary. Also, once completeness and correctness are satisfied (as described
above), the electronic DLR needs to be made available to the public by means of an online platform.

This paper will describe a bootstrapping system for the management of the parsing process of a dictionary (the
dictionary in question is the DLR, but the system can be used for the parsing of any dictionary; it is a bootstrapping
approach because it allows for incremental improvements as the parser improves) and its subsequent distribution
via an online portal.

3. Using Content Management Systems for Managing DEP
3.1. XWiki

One of the important collaborative web based systems is the Wiki, which allows for the storing and structuring of
knowledge by using Web technologies (Dumitriu et al., 2007). Generally, a Wiki system offers a web based
interface for collaborative editing where the ,,main facilities are the simplified syntax, the rollback mechanism,
the (possibly) unrestricted access, several search functions, the support for uploading content.” (Dumitriu et al.,
2007). Currently, wikis are used in various online applications such as encyclopaedias, content management,
software development, collaborative wiring, etc (Schaffert ef al., 2005).

Since, for an electronic dictionary, it is more relevant to describe relations between entities rather than marked up
text, a wiki type platform fits well the purpose. Also, the collaborative feature facilitates users’ access to the parsed
data, allow experts to report various issues with respect to the parsed form of certain elements and even operate
changes. Moreover, since such a platform allows extensive scripting, the parsing algorithm can be imported in the
Wiki application and then called from within the platform, thus permitting a bootstrapping approach to dictionary
entry parsing.

According to (Dumitriu et al., 2007), the main advantages of using a wiki type system for the parsing and
management of an electronic dictionary are based on the following:

e FEach of the internal templates of the system is defined as a class, which has an attached semantic
meaning. The properties of the class (in practice, class attributes) have attached semantic values, which
can be either used locally, on the platform, or exported as semantic information (e.g. as an RDF/OWL
format);



e Information is reused and not replicated. In a wiki, information can be referenced from any point of the
system (provided that the user has the rights to access that specific type of data) by means of a simple
syntax;

e Because the information is rigorously structured and stored, it is easy to retrieve dictionary entries.
Moreover, the query system allows for complex searches, as one can aggregate, extract and compare
information (e.g. complex searches such as “all nouns attested between 1500 and 1700, which are
imported from Slavonic, and have at least two synonyms for each sense”)

e Information can be collaboratively maintained, allowing the lexicographers to use the platform for
extending, updating and correcting the dictionary entries. Also, because a wiki allows for multiple
publishing formats, the same entry can be shown in a user friendly manner or exported in RDF for use
in another tool or application.

The wiki version we have chosen for the described system is XWiki (www.xwiki.org). XWiki is a second
generation wiki (Structured and Applications Wikis) and can be used to create collaborative web applications,
collaborative editing, content management, access control and layered access, semantic modelling of concepts,
etc. It requires a container server (Apache Tomcat, Glassfish, etc.) and a relational database connection; it is
written in Java as an open source project, and, thus, can be easily extended and modified for any required task. It
offers support for a large number of scripting languages such as JavaScript, Groovy, Velocity and others.

1.1. Managing DEP

In this model, all dictionary entries are instances of a given XWiki class, which contains references to the various
stages of parsing, state the current step of the parsing process the entry is at, and specifies access rights and the
physical volume from which the entry has been extracted.

Since the parsing process is performed in stages, each entry contains a reference to an object representing each
stage: unparsed base text of the entry, sense separation and dependency tree, senses with parsed atomic definitions
(fully parsed entries). Figure 1 below shows the structure of the class which manages an entry, from the raw input
text to the final parse.

Editing class XWiki.EntryParsedClass
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Figure 1. Creating classes in XWiki

Given the class structure described above, each identified entry is an instance of that class. As the entry is further
parsed (sense tree identification, atomic definition identification, extraction of morphological and lexical
information), the corresponding attributes of the object are filled in, and the State attribute is changed from
Unparsed to senseParsed (partially parsed) and finally to parsed. The attribute fields contain XML code,
firstly because we pass the entire attribute as input to the parsing process, and, secondly, we can attach XSD code
to each attribute in order to display or export the information.

Figure 2 below shows a fully completed parse for the dictionary entry “DOMNI”. The entry is given in the edit
mode, so that all attributes can be seen on the same screen.
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Figure 2. Xwiki object for the entry “DOMNI”

As new entries are added (and new objects of the type described above are created), the system automatically
updates the list of all recognized entries; also, as the parsing system passes over each entry and advances the state
of the object, the list is duly modified. This management of the stored entries is necessary firstly because we need
a quick way of determining the state of parsing for the entire dictionary, and also because, to our knowledge, no
comprehensive list of all entries in DLR is yet available.

The parsing steps (entry separation, sense segmentation, atomic definition identification) have each been attached
to a page in the Wiki, and, by using a script, can be called at any moment during entry parsing. Given that each
entry is instanced with, at the very least, the raw input data, the procedure calls do not require any argument other
than the Xwiki page containing the object in question.

2.  Managing Access to the Parsed Data

Although DLR is the largest and most detailed dictionary for the Romanian language, access to it is extremely
difficult because of its extremely large size and the fact that, at the moment, it is only available in printed format.
The XWiki platform offers a medium in which we can make available the parsed entries of the dictionary in a
format that allows complex interrogations, customizable viewing of the parsed data, collaborative editing for
experts, layered access rights, etc.



6.1  Access Rights and Collaborative Editing

The Xwiki platform allows for the creation of user groups, each with different access rights and privileges; also,
a specific user can be part of more than one group, allowing for further customization of access. Finally, each user
also has individual access rights, which override any other access settings. This allows for the creation of groups
on the basis of access desired: a normal user who only needs to view entries will be placed in one group, while
authors of the dictionary and other experts will be placed in another group, which will allow editing, for example.
Furthermore, in the case of partially parsed entries, access of normal users is not desired, but the access of experts
is compulsory, especially for those entries which are yet incorrectly parsed.

Each page can be edited by any of the users with appropriate rights, but only one user can edit the page at any
given time, as opening the page in edit mode locks that option from all other users in order to prevent
inconsistencies. At all times, a complete version history is kept, allowing for version comparisons or reverting to
previous versions.

6.2. Customizing Views

Since the data stored in the class attributes is in XML format, XSD transformations can be applied to it in order
to customize its appearance. Using the XWiki class sheet associated to the entry class, we can define a default
view for the fields of the entry, which can be changed by modifying the associated transformation files. Each
object can also be exported as a PDF or HTML file, but, because of the manner in which query results are returned
in XWiki, only one page can be exported at a time (each object is an XWiki page).

2.3.  Complex Interrogations

XWiki allows for complex queries over the object of the application, using an internal query language similar to
SQL, called XWiki Query Language (XWQL). This language is currently supported without programming rights,
which means that any user can create a personal query and runt it by her/himself. Also, a general interrogation
form can be created in order to offer a visual interface for XWQL.

XWQL allows for the interrogation of any document or document field, but the returned results will only contain
those pages which are accessible to the user. In this manner, those entries which need to be hidden from normal
users, for whatever reason, are indeed kept hidden even during complex searches.

3. Conclusions and Future Work

In this paper we have described a new manner for managing dictionary entry parsing on the basis of a content
management system. For previous attempts of dictionary parsing (the eDLTR project, for example, such a
dedicated management system was not used). The system allows for customizable classes, semantically linkable,
for exportation of information in rich text format or RDF/OWL syntax, and for uses of a wide array of scripts.
User access is itself customizable, with multiple access layers on the groups and individual users. Also, the system
has a built-in query engine, similar in power to the SQL query language, which allows for personalized queries
from users.

The system is highly flexible and extensive, and, as such, can be used for the management of any parsed dictionary.
It can also be used as the basis for new dictionaries, since the semantically encoded information associated with
an entry can be transformed or simplified at will. Experts can use the platform collaboratively, in order to improve
and extend the stored dictionary (in this case, eDTLR) and can also add new semantic information (such as extra
dictionaries or lexicographical resources) as new knowledge bases for improving DLR. These knowledge bases
can be accessed using various scripts and subroutines; for example, in the case of a DLR entry, a script can recover
a list of potential quotations, ordered chronologically, from the oldest to the most recent ones, or that fit a specific
interval of time.
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