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Abstract: The vision of Semantic Web introduced ontologies as the main unifying tool for management of the knowledge
and semantic structure of text documents. However, linking the real text documents with the ontologies (of
various kinds and various degree of complexity) is still a matter of current research in knowledge representation
projects.

In this paper, we are presenting the work results of the KYOTO project database implementation. The goal of
the project is to provide a complex system for automatic processing of documents in order to extract known
facts, link them with shared ontology and use this knowledge for Question Answering about the document
topic.

We give details about the design and implementation of the KYOTO database, which interlinks national Word-
Net semantic networks with the general SUMO ontology to offer the basis of the future shared ontology.

1 INTRODUCTION all the terms and facts that are extracted, compared
and stored within the KYOTO system.

The standardization of the techniques of knowledge

representation and reasoning is driven by designing

and incorporating ontologies into the text processing 2 THE KYOTO PROJECT —

approaches (Mars, 1995). In the process of the design

of a knowledge processing system, one of the first de- WORDNETS, ONTOLOGIES
cisions must be the choice of the level of complex- AND TEXT

ity of the applied ontological system. Current general

ontological systems range from an encyclopaedia-like WordNet semantic networks allow to express ba-
system Cyc (Lenat, 1995), through the predicate logic g |anguage relatiofsn a multigraph structure di-
based SUMO (Niles and Pease, 2001) to easily €x-rqqy hrocessable by computer systems in many use-
ploitable semantic networks based on the Prlncetonfu|ways_z However, description of more complicated
WordNet (Fellbaum, 1998). The number of applica- q,ctyred knowledge, e.g. relations with more than
tions that are using these ontologies for the processing, o participants, cannot be encoded in a WordNet-

of textual knowledge is proportional to the level of the ' ;o qarq way that could be further analysed and used
ontology complexity — the more straightforward the by computers.

onti)lotghy 'Sf’ t"he mor? prIOJects dmake_bus?hof I|t<.Y oTO In the KYOTO system, this (potential) drawback
in ¢ ?/ v owngoozx, V\k’f he;crl et et iahtt of WordNet is solved by the idea of extending the
\?vg’rlgca épﬁ(f;t?gr’] > thza’ \‘;VVO'erNg't”?ii ;‘Oﬁt;g?es i‘;r' WordNet into aGlobal WordNet Gricbf multiple lan-

- uages with a shared ontology in the center. Interlink-
the multilingual form (denoted as tii&obal WordNet guag 9y
Grid) and a shared common ontology corresponding lhyperonymy/hyponymy, synonymy/antonymy, holo-
to the level of theSuggested Upper Merged Ontology nymy/meronymy, etc.

(SUMO) as the central knowledge backbone. The on-  2deriving sets of similar objects, classes of more general
tology here serves as a meaning description tool for objects or objects with opposite meaning

303

Horéak A. and Rambousek A. (2009).

USING WORDNETS AND ONTOLOGIES FOR TEXT-MEANING ASSIGNMENT - Implementation Details of the KYOTO Project First Phase.
In Proceedings of the 4th International Conference on Software and Data Technologies, pages 303-307

DOI: 10.5220/0002243403030307

Copyright © SciTePress



ICSOFT 2009 - 4th International Conference on Software and Data Technologies

P
End User

Kyoto WWW

Fact Extractor (Kybot) Term Extractor {Tybot) .\ "\._

Kyotoédministrator ."I TermEditor | ﬂ

ﬁ ( Semantic Processor Syntactic Processor ._‘_,_.—-—"'f

Concept User

Wordhet
servlet

Ontology
serviet

DEB Server

Figure 1: The schema of the KYOTO database within the KYOTSem.

ing of national wordnets is not a new idea, it was in- individual languages. Practically the same can be said
troduced e.g. in the EuroWordNet (Vossen, 1998) and also about the results of the Balkanet project. If one
Balkanet (Christodoulakis, 2004) projects. In these wants to exploit WordNets for different languages it is
projects the “pivot,” i.e. thanterlingual index was always necessary to get in touch with the developers
represented directly by the English WordNet. This and ask them for the permission to use the WordNet
solution had several advantages and several disaddata.

vantages. From the point of view of the knowledge Another reason for building and having the com-
analysis, the biggest disadvantage was that the lexicalpletely free Global WordNet Grid is the fact that the
knowledge structure was “hidden” in the English lex- particular WordNets can be linked to the selected on-
icon without the possibility to really extract it for the tologies (e.g. Sumo/Milo) and domains. This has al-
purpose of further computer processing. ready took place with the WordNets developed in the
Balkanet project. The links to the ontologies should
be provided for all WordNets included in the Global
WordNet Grid.

The KYOTO project will incorporate and expand
the Global WordNet Grid and will be the first system
that exploits the benefits of storing the definitions of
terms and facts in a computer processable logical sys-

It is a known fact that, for instance, the results tem using the Grid’s shared ontology.
of EuroWordNet are not freely accessible though the
participants of the project have developed (and are de-
veloping) more complete and larger WordNets for the

Since the first publicly available WordNet, the
Princeton WordNet (Miller, 1990), more than fifty
national wordnets have been developed all over the
world. However, the availability of the wordnets is
limited — that is also a reason why the idea of a com-
pletely free Global WordNet Grid has appeared.
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Japanese Wordnet 7| Dutch Wordnet =|English Wordnet 3 =
3' o || Mew search New search
iy el search search
= || Query "aanslaan" Query "corsair”
Query "E¥" POS: ID: d_v-6197 BCS entity:1>physical entity:1 >object:1
Synonyms: aanslaan:, salueren: physical object:1>whole:2 =
POS: v ID: jpn-09-01876028-v BCS: 3how in] | unit:6>artifact:1
Synonyms: B3, BI85, BikD:, Definition: militaire groet brengen artefact:1>instrumentality:3
HERD:, REWRST S, LT, BT 5, 1 Usage: vanaf het m.s. Tromp salueerden we instrumentation:1>conveyance 3
IRE5,BUSIHT: Boand, Bod:, iE naar de vloot transport:1 >vehicle:1 >craft:2>vessel:2
SHRT:, BT RS, B, B SUMO/MILO: ,BodyMation watercraft: 2>ship:1>pirate:3, pirate ship:1
SUMO/MILO: ,OrganizationalProcess PQOS: n ID: en-30-03112605-n
SUMO/MILO: Synonyms; corsair:2
x>z [hype]l Eod:, BLEZS UL, T POS: ID: d_v-167 BCS: Show in:
A B 15 A Synonyms: aanslaan: |Basque Wordnet Definition: a swift pirate ship (often operating
B, BEL, w15, B Chinese Wordnet with o anction)
<< [hypol BT, HBLEBZL &S B Definition: beginnen te| Enaglish Wordnet 2 -->> [hypernym] pirate:3, pirate ship:1
Ao, BEAL, G, B, GE, 90T, blaffen English Wordnet 3
B, PR BETS, B SUMO/MILO: Enviromental Wordnet| ||| entity:1>physical entity:1>object:1
SeizingPropert: Italian Wordhlet physical object:1>whaole:2
POS: v ID: jpn-09-01877355-v BCS: 3|show in: ——————————— Japanese Wordnet 3.0 unit:6>living thing:1, animate
Synonyms: R, EiRh5:, B ¢, POS: ID: Show in:| own thing:1 >organism:1, being:2>person:1
RLERETS:, LS, 5, BiRh 5, 58 d_v-168 BCS: SUMO owl individual:1, someone:1, somebody:1
CLEOEC, B, 5 3hS | | Synonyms: aangaan:, | Spanish Wordnet Il | mortal:1, soul:2>bad person:1>wrongdoer:1, [
= | aanclaan: warrelen: [ | =R T o R T =
Figure 2: Three national wordnets in the KYOTO Database ¥rew
3 THE KYOTO DATABASES schema definitions, entry locking administration

or entry templates definitions.
The KYOTO database is built over the DEBVISDIic ¢ XML databasebackend for the actual dictionary
application with the DEB server either set up at one  gata storage. Currently, we are working with
central locality or it can be set up by several KYOTO the Oracle Berkeley DB XML (Chaudhri et al.,
partners. The DEB platform provides important back- 2003; DB XML, 2007) database, which provides
grounds for the KYOTO project universal features 3 flexible XML database with standard XPath and

(see Figure 1). XQuery interfaces. The DEB applications are not
) limited to DB XML, because the database layer
3.1 The DEB Architecture can be replaced transparently without the need to

change the application itself.

Based on these common features several developed
and widely used dictionary applications have been
implemented, including the well-known WordNet ed-
itor DEBVisDic that has been used in several national
wordnets development recently (Czech, Polish, Hun-
garian or South African languages). With this evi-
dence, we believe that DEB is the right concept for
the KYOTO multilingual knowledge base.

The Dictionary Editor and Browser (DEB) plat-
form (Horék et al., 2006; Horak and Rambousek,
2007; Horak et al., 2008) has been developed as agen
eral framework for fast development of wide range of
dictionary writing applications. The DEB platform
provides several very important foundations that are
common to most of the intended dictionary systems.
These foundational features include:

e a strict separation to thelient and server parts
in the application design. The server part pro- 3.2 The Database Implementation
vides all the necessary data manipulation func-
tions like data storage and retrieval, data index- In the DEB platform environment, all the wordnets
ing and querying, but also various kinds of data are usually stored on single DEBVisDic server. In
presentations using templates. The client part of the KYOTO project, each WordNet is provided by
the application concentrates on the user interac- different project partner and each of them may have
tion with the server part, it does not produce any different requirements (for example licensing issues).
complicated data manipulation. The client and Thanks to the client-server nature of the DEB plat-
server parts communicate by means of the stan-form, KYOTO database can offer three possible types
dard HTTP (or secured HTTPS) protocol. of encapsulating wordnets in the server:

e a commoradministrative interfaceéhat allows to e a WordNet can be physically stored on the central
manage user accounts including user accessrights  server. This is the traditional DEBVisDic setup
to particular dictionaries and services, dictionary and offers the best performance.
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New search:

Ontology OWN

New search: meerkat
search

search

" "
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http://www.loa-cnr.it/ontologies

entity:1>physical entity.1>object:1

[OWN/OWN owl#MEERKAT MIERKAT
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Ontology SUMO owl

New search: Mammal
search

Class: AquaticMammal
#Mammal

physical object:1>whole:2

unit:6>living thing:1, animate
thing:1>organism:1, being:2>animal:1l
animate being:1, beast:1, brute:2, creature:1
fauna:2>chordate:1>vertebrate:1
craniate:1>mammal:1
mammalian:1>placental:1, placental
mammal:1, eutherian:1, eutherian
mammal:1>carnivore:1>viverrine:1, viverrine
mammal:1

POS: n ID: en-30-02138441-n

http://www.loa-cnr.it/ontologies

EntityAnnotation:
http://www.loa-cnr.it/ontologies

Iike a femur and only four toes

SubClassOf:
http://www.loa-cnr.it/ontologies

/OWN/OWN.owl#VIVERRINE VIVERRINE MAMMA|

[OWN/OWN.owl#MEERKAT MIERKAT
South African mongoose-like viverrine having a face

Synonyms: meerkat:1, mierkat:1 [OWN/OWN.owl#SLENDER-

TAILED MEERKAT SURICATA SURICATTA L

The Class of Mammais that dwell chiefly in the water.
Includes whales, dolphins, manatees, seals, and
=| | walruses.

Class: HoofedMammal

#Mammal

The Class of quadruped Mammals with hooves.
Includes horses, cows, sheep, pigs, antelope, etc.

Class: Mammal

#WarmBloodedVertebrate

A Vertebrate having a constant body temperature and
characterized by the presence of hair, mammary

Definition: a mongoose-like viverrine of South http://www.loa-cnr.it/ontologies

Africa having a face like a lemur and only four
toes

-->> [hypernym] viverrine:1, viverrine
mammal:1

EntityAnnotation:
http://www.loa-cnr.it/ontologies

[OWN/OWN.owl#MEERKAT MIERKAT

[OWN/OWN.owl#SLENDER-

= = il

-->> [holo_member] Suricata:1, genus
Suricata:1l

glands, and sweat glands.

-

[3

Figure 3: SUMO and OWLWN ontology with the English WordNet.

e a WordNet can be stored on a DEBVisDic server
located at the WordNet owner’s institution. All
servers can then communicate with each other
(depending on the server setup). The central
server has only the knowledge of which server
to contact, instead of having the full WordNet
database stored locally, and all queries are dynam-
ically resolved over the Internet. This option may
be slower as it depends on the quality of connec-
tion to different servers and their performance. On
the other hand, the WordNet owner has full con-
trol over the displayed data and access permis-
sions.

e a mixed solution — some wordnets are stored on
central server and some are stored on their respec-
tive owners’ servers. This is just an extension of
the previous option. Again, the performance of
the whole system depends on the performance of
single servers, but the speed can be improved if
the most used wordnets are stored on the central
server.

The DEB framework provides several possibilities of
working with the WordNet data.

Basically, each WordNet can be presented to the
users in one of the following forms:

to the KYOTO knowledge base, since it does not
need any installation of user software or packages.

using the full DEBVisDic application. This appli-
cation needs to be installed as an extension of the
freely available Firefox web browser, but it offers
much more complex functionality than the web
access. Each WordNet is opened in its own win-
dow which offers several views of the WordNet
data (a textual preview, hypero/hyponymic tree
structures, user query lists or XML) and also the
possibility to edit the data (for users with the write
permissions).

by means of a defined interface of the DEBVis-
Dic server, theApplication Programming Inter-
face (API). This way any external applicatién
may query the server and receive WordNet entries
(in XML or other format) for a subsequent pro-
cessing.

using the Term Editor — a Wiki-based WordNet
browser and editor developed within the KYOTO
project.

In all cases, users (or external applications) can au-
thenticate with a login and password over a secure
HTTP connection. Each user can be given a read-only

or read-write access to particular WordNets.

e by means of a simple purely HTML interface
working in any web browser. This interface is able
to display one WordNet dictionary or the same

All the national WordNets are provided in Lexi-

cal Markup Framework (LMF) format (Francopoulo
et al., 2008). The DEBVisDic server is optimized for

synset in several WordNets. Synsets are displayedits o\n wordNet format, so all the data are converted

using XSLT templates — the server can provide ¢

several view of the synset data ranging from a
terse view up to a detailed view. The view can be
even different for each dictionary. An example of

om and to LMF using XSLT stylesheets. For batch
operations (importing and exporting the whole Word-
Net), a special application basedldrbxm (Veillard,
2002) is used, because this solution offers fast conver-

such presentation of synsets in three WordNets is g;q “For example, 8OMB XML file takes two days to

displayed in Figure 2. This type of WordNet view
is probably the best for public anonymous access
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convert using XSLT, and only 40 minutes using the DB XML (2007). Oracle Berkeley DB XML web.

special conversion application. http://www.oracle.com/database/berkeley-db/xml.
Fellbaum, C., editor (1998\WordNet: An Electronic Lexi-
3.3 Interlinking Wordnets and cal Database MIT Press.
Ont0|0gies Francopoulo, G., Bel, N., George, M., Calzolari, N., Mona-

chini, M., Pet, M., and Soria, C. (2008). Multilingual
resources for NLP in the Lexical Markup Framework
(LMF). Language Resources and Evaluation Journal

Horak, A., Pala, K., and Rambousek, A. (2008). The Global

All wordnets in the KYOTO database are interlinked
using the common central ontology. The solution is

not limited to one ontology onI)_/. At the current state, WordNet Grid Software Design. IRroceedings of
SUMO and OWL-WN ontologies are used, both of the Fourth Global WordNet Conferenc®zegéed, Hun-
them are stored in the OWL format. gary. University of Szegéd.

An ontology is either referenced from a synset, or porak A, Pala, K., Rambousek, A., and Rychly, P. (2006).
a user can browse it independently using the DEB New clients for dictionary writing on the DEB plat-
HTML interface (similar to the WordNet HTML in- form. In DWS 2006: Proceedings of the Fourth Inter-
terface, see Figure 3). However, the ontology browser national Workshop on Dictionary Writings Systems
is not based on the DEBVisDic WordNet browser, pages 17-23, ltaly. Lexical Computing Ltd., U.K.
because of the differences in structure and format. Horak, A. and Rambousek, A. (2007). Dictionary Man-
It is a standalone module integrated to the KYOTO agement System for the DEB Development Platform.

In Proceedings of the International Workshop on

database. Natural Language Processing and Cognitive Science
The ontology application allows the user to search NLPCS, aka NLUCSpages 129138, Funchal, Por-

for classes, properties, descriptions and relations tugal. INSTICC PRESS.

within a single query. Lenat, D. (1995). CYC: A large-scale investment in knowl-

edge infrastructure. Communications of the ACM
38(11):33-38.

4 CONCLUSIONS Mars, N. (1995).Towards very large knowledge basdss
Press.
This paper has presented the main ideas of developinguiller, G. (1990). Five Papers on WordNenternational
the multilingual Global WordNet Grid with a shared Journal of Lexicography3(4). Special Issue.
knowledge ontology within the KYOTO project. Niles, I. and Pease, A. (2001). Towards a standard upper on-
We have described the design and implementation tology. InProceedings of the 2nd International Con-
of the KYOTO database storing the wordnets and on- ference on Formal Ontology in Information Systems

tologies in a versatile DEB (Dictionary Editor and pages 2-9. ACM New York, NY, USA.

Browser) server, which allows to abstract the actual Veillard, D. (2002). The XML C library for Gnome

data structures and provides the requested high level ~ (libxml). http:/xmisoft.org/.

functionality to the system. Vossen, P., editor (1998).EuroWordNet: a multilingual
database with lexical semantic networks for European
LanguagesKluwer.
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