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Predhovor

TeSi nas, Ze vam mozeme predstavit zbornik 1. workshopu zameraného na
inteligentné a znalostne orientované technoldgie - WIKT 2006, ktory sa uskutocnil
28. — 29. novembera 2006 v Bratislave.

Dolezitym faktorom v budovani znalostnej ekonomiky je schopnost’ organizécii
zhodnotit’ svoj znalostny kapital. Informa¢né technoldgie a znalosti sa stavaju
kracovym prvkom zvySovania produktivity. Slovenské firmy a slovenska ekonomika
nemdZu obstat’ v tychto zmenach bez vyskumu a vyvoja v tejto oblasti.

Cielom WIKT bolo a je podporit’ posun organizacii k znalostnej ekonomike na
zaklade vyskumu a vyvoja v oblasti inteligentnych a znalostne orientovanych
technologii, vymena informécii, diskusia o aktualnych problémoch, skdsenosti s
pouzitim technol6gii a softvéru v danej oblasti ako aj jej zviditelnenie v ramci
Slovenska a susednych krajin.

Hlavné témy workshopu boli:

e umeld inteligencia
modelovanie znalosti, ontolégie
sémanticky web
sémantické spracovanie informa¢nych zdrojov
spracovanie informa¢nych zdrojov v slovenskom jazyku
sémanticky a servisne orientované architektry
znalostné bazy a organizacné pamate
usudzovanie a odvodzovanie

Chceli by sme podakovat' vietkym, ktori prispeli k GspeSnému uskuto¢neniu
workshopu ako aj pri priprave tohto zbornika. Chceme pod’akovat’ programovému a
organiza¢nému vyboru a hlavne vSetkym autorom, za ich prispevky a prezentacie na
workshope. Za hlavny prinos workshopu pokladame, Ze sa podarilo naStartovat’
diskusiu a spolupracu v tejto oblasti a difame, Ze tato spolupraca prinesie vysledky
ktoré budu prezentované a diskutované na d’alSich workshopoch WIKT.

Michal Laclavik, lvana Budinska, Ladislav Hluchy
Marec 2007, Bratislava



Preface

We are pleased to introduce the Proceedings of the 1st Workshop on Intelligent and
Knowledge-oriented Technologies - WIKT 2006, held on 28 — 29 November 2006 in
Bratislava.

An important aspect in building knowledge economy is the ability of organizations
to assess their knowledge capital. Technologies and knowledge are becoming a key
factor in productivity growth. Slovak companies and Slovak economy cannot be
successful in such global challenge without research and development in this field.

The Workshop on Intelligent and Knowledge-oriented Technologies aims at
supporting collaboration and information exchange among researchers and students
from Slovakia and the neighboring countries working in this area.

The topics of the workshop include:

o Atrtificial intelligence
Knowledgemodeling, ontologies
Semantic Web
Semantic processing of information resources
Processing of information resources in Slovak language
Semantic and service-oriented architectures
Knowledge bases and organizational memories
Reasoning and inference.

Many people have assisted in the success of this workshop. We would like to thank
all the members of the Programme and Organizing Committees and to the workshop
secretariate for their work and assistance for the workshop. We would also like to
express our gratitude to all authors for contributing their research papers as well as for
their participation in the workshop that made our cooperation more fruitful and
successful.

Michal Laclavik, lvana Budinska, Ladislav Hluchy
March 2007, Bratislava, Slovakia
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Slovak morphology analyzer based on
Levenshtein edit operations

Radovan Garabik

Dudovit Star Institute of Linguistics
Slovak Academy of Sciences
Bratislava, Slovakia
korpus@juls.savba.sk
http://korpus. juls.savba.sk/

Abstract. Levenshtein edit operation is a basic string operation — in-
sertion, deletion or substitution of a character in a string. Sequence of
edit operations can be used to transform basic word form (lemma) into
an inflected form, and the same sequence can can be used to transform
lemmata belonging to the same inflectional paradigm. Presented system
contains inflection paradigms of over 56000 lemmata from Short Dic-
tionary of Slovak Language and from the most frequent word forms in
the Slovak National Corpus, together with detailed grammar information
about each generated word form.

1 Levenshtein distance and some definitions

Levenshtein distance[1] is a metric defined on the space of strings as a minimum
number of Levenshtein edit operations needed to transform one string into the
other, where by a Levenshtein edit operation we understand insertion, deletion
or a substitution of a character.

A Levenshtein edit operation e can be formally described as e = (o, s,d) —
a triple of operation type o, position in the source string s and position in the
destination string d, where operation type o is one of replace, insert or delete. For
replace or insert, the replacement/new character is taken from the destination
string.

Sequence of edit operations g = (e1, €2, e3, ...), together with the destination
string D, when applied to a string S € S defines a mapping function f:S+— S,
where S is a set of all strings.

To each word form w € W, where W is a set of all the words we can assign a set
of grammar categories G, = {g1, 92, g3, .. } represented by short mnemotechnical
strings (called morphological tags).

Now for each tagged word form together with its morphological tag (w;, g;) €
W x G there exists a mapping function f; consisting of Levenshtein edit opera-
tions such that f;(I) = w;, where [ is a deliberately chosen word, called lemma
and considered to be a basic word form for a given lexeme.



2 Technical implementation

Our system is really just a morphology generator — for each lemma known to it, it
is able to generate all the forms, together with their respective tags. By putting
all the forms and tags with information about lemma into a database[2], the
system is able to work as a morphology analyzer — we just look up the analysed
form in the database and find out corresponding morphological tag and lemma.

The system consists of two logically disjunct parts. One part is responsible
for creating tables of paradigm templates and lists of mapping of all the lemmata
into appropriate paradigm templates. This contains also helper programs used
by linguists to create, evaluate and modify these tables and lists.

The second part is meant for end users queries and is nothing more than
a simple wrapper around the database query library, to facilitate the lookup,
with some simple logic implemented to account for creating superlatives out
of comparatives (by adding the prefix naj-) and for creating verb negation (by
adding the prefix ne-, with the exception of the verbs ist’ and byt),

The software is published under GNU General Public License[3] version 2
and can be obtained from the Slovak National Corpus WWW page'.

3 General principles

The system responsible for creating, testing and editing paradigms is written
completely in the Python programming language[4], paradigm editing and test-
ing is done using a simple CLI interface.

All the texts, input and output in our system is unconditionally in UTF-8
encoding[5], and all the internal logic of the system uses Python unicode strings.
Word forms in the tables are kept in UTF-8 encoding.

Since it is a suffix morphology we are interested in, we need to count the
position for Levenshtein edit operations from the end of the words, so that words
of different lengths but sharing the same suffix inflections can be declined by the
same paradigm template, in order not to inflate unnecessarily the number of
paradigm templates. This is easily realised by reversing the input strings before
applying the edit operations, and by reversing the output obtained as the result
— all done transparently to the users.

To keep the number of paradigm templates down we let our system work
in NFD Unicode normalization[6] internally, normalizing user input into NFD
before processing, and normalizing the output to NFC. This takes into account
changes in orthographic palatalization of the last consonant d, ¢, n or I, repre-
sented only by adding or removing the final ha¢ek (combining diacritical char-
acter in the NFD normalization), but in the more usual NFC normalization
it would have to be represented by changing the last character, and therefore
requiring separate paradigms for each consonant.

! http://korpus. juls.savba.sk



4 API

System contains three constant database tables:

— form2lemma.cdb — table containing word forms as keys and corresponding
lemmata as values

— form2taglemma.cdb — table containing word forms as keys and morpholog-
ical tags and lemmata as values

— lemma2tagforms.cdb— table containing lemmata as keys and morphological
tags and word forms as values

The constant database tables can be accessed directly, from any program-
ming language supporting tdb database, or converted into a convenient form.
However, the databases do not contain neither verb negation, comparatives nor
superlatives. Preferred higher level API written in the Python programming
language is contained in the module mlv_skling. The module has one public
class, Morphology, that takes during instantiation as an argument path to the
directory containing all the necessary morphology tables. Methods available are
form2taglemma, lemma2tagforms, get_stems and get_stem. form2taglemma
and lemma2tagforms analyze given word form or lemma and return tuple of
morphological tag and lemma, or morphological tag and form. get_stems ap-
plies simple stemming algorithm to the word and return a list of all possible
stems. get_stem returns just the first stem found.

5 Stemming algorithm

Stemming is the process of finding the stem (base or root form) of inflected
words, regardless of the existence of the stem alone — it is sufficient if the word
forms of the same lexeme map to the same stem, in order to facilitate full text
indexing and search. Usually, for full text query purposes, we are not interested
in the grammar analysis, and we want to maximize recall at the expense of pre-
cision. Our stemming algorithm uses lemma as the basic form, stripping vowels
following the rightmost consonant in the lemma, and in case of verbs, stripping
the infinitive suffix -¢” and then stripping the vowels. This collapses many near
homonyms to the same form, directly usable as the word stem.

6 Language coverage

At the time of writing, the database contains all the words from the 3% edition
of the Short dictionary of Slovak language, with several thousand additional
most frequent words present in the Slovak national corpus, adding up to 56269
different lemmata (54315 unique lemmata, accounting for homonymy). These
lemmata are inflected by 1365 different paradigms, giving 601 253 unique word
forms and 1 616 379 different pairs of morphological tags and word forms.

An average tokenized fiction text contains 19 % of punctuation and other
nonword elements. On average, the analyzer covers 91 % of the remaining tokens,



where 45 % of tokens are unambiguously assigned their morphology categories
and lemmata, 61% of tokens have unambiguously assigned lemmata, but not
morphological tags.

Stemming is markedly better, only 6.6 % of tokens cannot be stemmed unam-
biguously (and this is mostly due to rather frequent ambiguous words je, lemma
byt or jest’ and si, lemma byt’ or si) — in an information retrieval system, these
words would be probably included in the list of stopwords, further improving
unambiguity of the stemming.

7 Conclusion and future work

At the time of writing, vocabulary of the presented system is still being improved.
The next task will be to add most frequent acronyms, abbreviations and proper
names (toponyms and anthroponyms). Numerals will be taken care with the
help of additional module, exploiting their regular formation. To improve the
percentage of unmarked words in the analyzed texts, a “guesser” module will
be implemented, trying to find out the nearest appropriate morphologic tag for
words not found in the dictionary, based on suffix similarity with existing words.

The analyzer is able to obtain lemmata and grammar categories for a broad
range of most frequent Slovak words, including punctuation and digits, and is
successfully used in the Slovak National Corpus database.
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Speech is more than only its linguistic content

Rusko Milan

Institute of Informatics of the Slovak Academy of Sciences, Bratislava
milan.rusko@savba.sk

Abstract. The paper focuses on the extra-linguistic content of speech and
discusses possible ways to handle the information carried by it. Expressive
speech synthesis and automatic emotion recognition are examples of future
application areas of the studied phenomena. The paper tends to explain what
does ,,expressive speech research* mean, and what phenomena does it study. A
short survey is given on some of the research which has been done in this field,
partly led by an attempt to develop a comprehensive expressive speech
synthesis. Acoustical characteristics that are believed to be in close correlation
with some of the factors of expressiveness are pointed out and some methods of
their measurement and visualization are mentioned.

Introduction

The users of the speech synthesizers often complain that the synthetic speech suffers
from being too monotonous and unnatural. It does not have appropriate dynamics,
phrasing, style, and interpretation and appropriate variations in dynamics and tempo.
It does not tell listeners anything about the speaker's thoughts, feelings, and/or
personal experience.

This should be changed in expressive speech synthesis.

Expressive speech

“Expressive speech” designates the whole vocal display of a speaker, that contains not
only that part of information that can be encoded in general written text message, but
contains also various information about the speaker himself — his age, cultural
background, education, sex, attempt, relation to the listener, as well as his
individuality etc. The expression “individuality” is used here to denote personality,
mood (attitude) and emotions of a speaker.

Personality

Personality is considered to be a set of constant features of an individual.



Personality and temperament

In his study on Hans Eysenck's theory of personality C. G. Boeree states, that
temperament is that aspect of personality that is genetically based, inborn. The ancient
Greeks came up with two dimensions of temperament, leading to four types of
temperament.

The sanguine type is cheerful and optimistic, healthfully looking, pleasant to be with,
comfortable with his/her work.

The choleric type is characterized by a quick, hot temper, often an aggressive nature.
Physical features of the choleric person include a yellowish complexion and tense
muscles.

The phlegmatic type is characterized by slowness, laziness, and dullness.

The people with melancholy temperament tend to be sad, even depressed, and take a
pessimistic view of world.[1]

Generalized model of personality

In a generalized model can the personality p have n dimensions, and so it can be
represented by the following vector [2]:

p' =la.. | Vie[Ln]: o, € [0]] 1)

The OCEAN model - The Big Five model of personality

In the last couple of decades, an increasing number of theorists and researchers have
come to the conclusion that five dimensions are enough to express the personality.
The Big Five model also known as OCEAN model takes into account the following
five dimensions of personality: Openness, Consciousness, Extraversion,
Agreeableness, and Neuroticism. [3, 4]

Emotion

Mood and Emotion

As mentioned by Ksirsagar&Magnenat-Thalmann a mood can be defined as a rather
static state of being, that is less static than personality and less fluent than emotions.
Mood can be defined as one-dimensional (e.g. good or bad mood) or perhaps multi-
dimensional (feeling in love, being paranoid etc.) [5]



Generalized model of emotion and mood

According to [2] an emotional state has a similar structure as personality, but it
changes over time. The emotional state et is defined as an m-dimensional vector,
where all m emotion intensities are represented by a value in the interval [0, 1]. A
value of O corresponds to an absence of the emotion; a value of 1 corresponds to a
maximum intensity of the emotion. This vector is given as follows:

e =[B..8,1VieLm]: g e[01] ift0
and 2
e/ =0 if t=0

Emotions are features dynamically changing in time. The actual emotional state is
dependent on the preliminary evolvement of emotins. Therefore the scientists tend to
model the emotins respecting their previous trends (history).

Therefore an emotional state history ot is defined, that contains all emotional states
until et, thus:

@, =(€y,8,....8,) 3)

Egges continues with defining the individual It as a triple (p, m;, e), where m;
represents the mood of the individual at a time t.

Mood dimension is defined as a value in the interval [-1,1]. Supposing there are k
mood dimensions, the mood can be described as follows:

m! =[y..7 | Vie[-1]] if t>0
and (4)
m =0 if t=0

Moreover the mood and emotional values, as they are changing in time, have to be
updated regularly. [2]



Basic emotions
There are many theories of emotions and many different classifications exist:

Table 1. This table, taken from [6] gives a short overview of basic emotion sets used
by different authors

Author Basic Emotions

Anger, aversion, courage,
dejection, desire, despair, fear,

Arnold hate, hope, love, sadness
Ekman, Friesen, Anger, disgust, fear, joy,
and Ellsworth sadness, surprise
Desire, happiness, interest,
Frijda surprise, wonder, sorrow
Gray Rage and terror, anxiety, joy

Anger, contempt, disgust,
distress, fear, guilt, interest, joy,
lIzard shame, surprise
James Fear, grief, love, rage
Anger, disgust, elation, fear,
subjection, tender-emotion,

McDougall wonder
Mowrer Pain, pleasure
Oatley and Johnson- Anger, disgust, anxiety,
Laird happiness, sadness
Panksepp Expectancy, fear, rage, panic

Acceptance, anger, anticipation,
disgust, joy, fear, sadness,

Plutchik surprise

Anger, interest, contempt,

disgust, distress, fear, joy,

Tomkins shame, surprise

Watson Fear, love, rage

\Weiner & Graham Happiness, sadness
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Placement on emotion dimensions

Semantic differential scales are often used for measuring emotion dimensions. We
present here a set of dimensions as proposed by Mehrabian & Russell (1974,
Appendix B, p. 216) [7]. It is evident that the authors have included moods and
personality dimensions in this system too:

e Pleasure: Happy - Unhappy, Pleased - Annoyed, Satisfied - Unsatisfied,
Contented -Melancholic, Hopeful - Despairing, Relaxed - Bored

e Arousal: Stimulated - Relaxed, Excited - Calm, Frenzied - Sluggish, Jittery
- Dull, Wide-awake - Sleepy, Aroused - Unaroused

e Dominance: Controlling - Controlled, Influential - Influenced, In control -
Cared-for, Important - Awed, Dominant - Submissive, Autonomous -
Guided

Acoustic correlates of emotions

The problem of speech parameter identification responsible for the expression of
personality, moods and emotions is very difficult mainly due to the fact that the
acoustic means used to encode the expressive information in the speech are shared by
all the components of expressivity. Moreover the code (expressive speech) is not
decoded (understood) by all the speakers in the same way. The understanding is very
subjective. This is evident in the literature, as results taken from numerous studies
rarely agree with each other. Nevertheless, a general set of the speech parameters
responsible for the expression of emotion can be constructed. There are three main
categories of speech correlates of emotion:

e  Pitch contour
e Timing
e Voice quality

It is believed that value combinations of these speech parameters are used to express
vocal emotion.[8]

Pitch contour

Pitch contour is a representation of the intonation of an utterance, which describes the
nature of accents and the overall pitch range of the utterance. Pitch is expressed as
fundamental frequency (F0). One of the most frequently used methods for FO
measurement is the method using autocorrelation function of the LP residual.

Pitch parameters include average pitch, pitch range, contour slope, and final
lowering.
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Table 2. A summary of human vocal emotion effects of four of the so-called basic emotions:
anger, happiness, sadness and fear. The parameter descriptions are relative to neutral speech.

Anger Happiness | Sadness Fear
Speech Faster Slightly Slightly Much
rate faster slower faster
Pitch Very Much Slightly Very
average | much higher lower much
higher higher
Pitch Much Much Slightly Much
range wider wider narrower wider
Intensity | Higher Higher Lower Higher
Pitch Abrupt, | Smooth, Downward | Down-
changes | down- upward inflections | ward
ward, inflections terminal
directed inflections
contours
Voice Breathy, | Breathy, Resonant Irregular
quality chesty blaring voicing
tone
Articu- Clipped | Slightly Slurred Precise
lation slurred

Models of intonation can be divided into two main categories — phonetic and
phonological models. The phonetic model (Fujisaki model, Tilt model and many
others) models the intonation curve. The phonological model (e.g. ToBI) is used to
model the speaker's concept of distribution of accents in the intonation phrase.

Timing

Timing describes the speed that an utterance is spoken, as well as rhythm and the
duration of emphasized syllables. The results of measurement of syllable and
phoneme lengths are often given in a form of z-scores i.e. the instantaneous value is
normalized be the mean value of the same elements in the whole database (Z-score
is equal to a value of X minus the mean of X, divided by the standard deviation).
Timing parameters include speech rate, hesitation pauses, and exaggeration.
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Voice quality

Voice quality denotes the overall ‘character’ of the voice, which includes effects
such as whispering, hoarseness, breathiness, and intensity. The voice quality is
influenced mainly by the function of glottis and the function of the vocal tract. A
detailed classification scheme of voice qualities was published by Laver [9].

Conclusion

This work tries to explain the term expressive speech. It discusses the generalized
model of personality, mood and emotions. It gives a short overview of different
classifications of these three components of individuality. Last but not least it shows
some methods of acoustical analysis used in an effort to find acoustical correlates of
personality, mood and emotions in speech and lists some promising results in
expressive speech synthesis.
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Abstract. Knowledge representation and reasoning research. Reasoning with
incomplete and evolving knowledge. Non-monotony of reasoning, updates. A
programming language schema for development of intelligent agents (a
proposal by Peter Novak). The main ideas: encapsulated BDI modules,
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Abstract. The paper describes the IST-2005-034891 project HYDRA
funded within the IST, 6" Framework Programme of the EU. HYDRA
aims to develop middleware based on service-oriented architecture, de-
ployable on both new and existing networks of distributed wireless and
wired devices. The embedded service-oriented architecture will provide
interoperable access to data, information and knowledge across hetero-
geneous platforms. The vision of the project, overall design objectives
and scientific objectives are outlined.

Key words: semantic technology, service-oriented architecture, ontol-
ogy modelling, networked embedded systems, ambient intelligence, mid-
dleware

1 Introduction

The IST-2005-034891 Project HYDRA (in full ”Networked Embedded System
Middleware for Heterogeneous Physical Devices in a Distributed Architecture”)
is an Integrated Project funded by the EC within Information Society Technolo-
gies (IST) Programme within FP6. Project started on July 1°¢, 2006 and its
expected duration is four years. The project consortium consists of 13 partners
from UK, Sweden, Denmark, Germany, Spain, Italy, and Slovakia (9 companies,
3 universities and one research institute), the Project Coordinator is C Inter-
national Ltd. from UK, and one of the project partners is also the Technical
University of Kosice. The project was submitted and approved within the 5"
IST Call under the Strategic Objective 2.5.3 Embedded Systems. Total esti-
mated effort behind this project is 1395 person-months.

The HYDRA project is addressing the problem, which is frequently faced by
producers of devices and components - the need for (which is actually becoming
a trend) networking the products available on the market in order to provide
higher value-added solutions for their customers. This requirement is implied by
citizen centred demands requiring intelligent solutions, where the complexity is
hidden behind user-friendly interfaces to promote inclusion.
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The vision of the HYDRA project is rather ambitious: To create the most widely
deployed middleware for intelligent networked embedded systems that will allow
producers to develop cost-effective and innovative embedded applications for new
and already existing devices.

To put it in practical terms: In the ambient world of the near future, intercon-
nected intelligent devices will surround us, at home, work, or while travelling.
These devices and their local networks will also be connected to the outside
world through broadband and/or wireless networks. Numerous services to sup-
port us in our personal life will be provided through these ambient devices and
over the connection to the outside world. To adapt to our personal lifestyle, and
to offer the right service at the right time in the right place, such services will
rely on the use of private data - which means putting emphasis also on security
and privacy. It is expected that the HYDRA will contribute to this scenario.

2 Challenges addressed and Project objectives

In comparison with the state-of-the-art on the technology market the project is
facing several challenges:

1. The first challenge is to allow for the seamless access to the features of
many devices, regardless of its manufacturer, technology, interfaces, location,
communication mechanism, etc. and to create seamless, intelligent and secure
interoperability between such devices.

2. Second challenge is related to fast changing environments of mobile users -
ambient services and applications should thus adapt to changing local and
global sets of accessible sensors and actuators, and must put together partial
states of internal and location-determined information. When an end-user
moves around interacting with any device in either private or public space,
it is the right information that must follow their migration from different
locations in changing surroundings.

3. Third challenge is to develop a framework for secure, trustworthy commu-
nication among networked embedded systems and supporting self-adaptive
interplay of different components, not only sensors but also controlling com-
ponents and actuators.

Overall project objectives can be summarised in the following points:

1. Development of a middleware based on a Service-oriented Architecture, to
which the underlying communication layer is transparent, and consists of:
(a) Support for distributed as well as centralised ambient intelligent archi-
tectures;

(b) Support for reflective (i.e. self-) properties of components of the middle-
ware;

(c) Support for security and trust enabling components

2. Design of a generic semantic model-based architecture supporting model-
driven development of applications.
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3. Development of a toolkit for developers to develop applications on the mid-
dleware.

4. Design of a business modelling framework for analysing the business sustain-
ability of the developed applications.

From scientific point of view the project will carry out foundational and compo-
nent research as well as application and system integration within the following
research areas:

— Embedded and mobile service-oriented architectures for ubiquitous networked
devices;

Semantic Model-Driven Architecture for Ambient Intelligence implementa-
tion;

— Ontology-based knowledge modelling;

— Hybrid architectures for Grid enabled networked embedded systems;
Wireless devices and networks with self-* properties (self-configuring, self-
healing, etc.);

— Ambient intelligence autonomic computing;

— Distributed security and privacy.

The implemented HYDRA middleware and toolkit will be validated in real end-
user scenarios in three user domains: a) Facility management (intelligent homes),
b) Healthcare, ¢) Agriculture (to be specified).

3 Conclusions

The paper gives an overview, in terms of challenges addressed, project objectives
and technologies used, of the R&D EU project HYDRA. The project is aimed
at development of middleware for networked embedded systems with the use
of advanced technologies, enabling intelligent properties of the whole system.
Technical University of Kosice, as one of the project partners, will be within the
project responsible for: ontology modelling, ontology evolution, annotation of
dynamic events, use of semantic technologies for security and privacy, knowledge
discovery, classification and inference etc.; For more information on HYDRA look
at http://www.c-lab.de/en/research-projects/hydra/index.html.
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Abstract. In this paper we briefly describe a middleware that offers high level
abstraction for work with the knowledge artefacts. Consumers for the
middleware services are KP-Lab! tools, which are designed within the
Knowledge Practices Laboratory project. KP-Lab system is a modular, flexible
and extensible system consisting of a cluster of inter-operable applications
working in a distributed environment and loosely coupled via services of the
middleware.

Introduction

The work shortly described in this paper is related to the Knowledge Practices
Laboratory (KP-Lab, FP6-2004-27490) project focused on developing a learning
system aimed at facilitating innovative practices of sharing, creating and working
with knowledge in education and workplaces. The focus of the KP-Lab system is the
process of creating, modifying and utilizing of knowledge artefacts (KAs). These
artefacts are employed to alter, extend or preserve group knowing, sense-making or
decision-making [1]. Sharing artefacts can be viewed as a collective group problem-
solving activity for the purpose of aiding, enhancing, or improving individual and
group cognition [2]. Artefacts are created, used or evolved within a cognitive space
and a socio-cultural environment and they are employed by the learners to configure
and facilitate group decision-making, thinking and communication [3].

KP-Lab is a modular, flexible and extensible system consisting of a cluster of inter-
operable applications. The user environment is a virtual shared space and a set of
tools that enable collaborative knowledge practices around shared knowledge
artefacts [4].

1 KP-Lab is an integrated EU funded IST project Nr. 27490 running within FP6 since February
2006 (www.kp-lab.org)
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KP-Lab System Architecture

If we simplify the KP-Lab Architecture, we obtain three main parts, which interact
and fulfill the main goal of working with KAs — KP-Lab tools, knowledge
repositories and content repositories (see Figure 1).

Tools in KP-Lab are grouped in the Shared space that offers to the end users the
functionality of working with KAs — e.g. Knowledge artefact tool for creating and
browsing KAs, Knowledge Processes Tool for creating and managing of knowledge
creation processes or Knowledge Annotation tool.

KP-Lab Tool

P e o = = = o Vo = - —————

:Technical Services Framework

‘ Context Handler ‘

|

USKM — Universal Semantic Knowledge Middleware

| ]
| Web Services KR I
- |
CR : Object Import Export Query Update |
I Exchange || Services || Services || Service || Service |
| Services |

Fig. 1. KP-Lab System Architecture

The objective of the knowledge repositories is to provide generic management
services for capturing and archiving; discovering and accessing; combining,
modifying and tracking [5] of formal forms of explicit knowledge (i.e. declarative,
procedural and causal). The descriptions of knowledge artefacts as well as their
involved conceptualizations is represented and handled in knowledge repository as
RDF/S schemas and resource descriptions. The knowledge repository in KP-Lab will
be built upon the FORTH-ICS RDFSuite open source platform [6] and will provide
scalable persistence services for large volumes of knowledge artefacts’ descriptions
and ontologies.

KR relies on ontologies in order to support interactions among learners and
knowledge artefacts involved in learning processes. Ontology-based interactions
include but are not limited to the ones that deal with organizing or annotating shared
artefacts created by an individual or a group as well as sorting, classifying and
retrieving background knowledge artefacts relevant to the problem at hand. Several
ontologies are used to capture declarative (about), procedural (how), causal (why) or
temporal (when) knowledge regarding a problem addressed by a group. Moreover,
ontologies themselves might be possibly formed collaboratively based on the
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individual conceptualizations, if a consensus on the concepts and relations that are
relevant to the task at hand can be reached.

Digital representation of KA consists of a set of metadata (stored in knowledge
repository) and from optional content, which is stored in internal or external content
repository. Content repositories (CR) cover the wide range of available persistent
storages from simple file systems up to enterprise content management systems
(e.g. The Alfresco Network?) and learning management systems (e.g. Moodle?).

Universal Semantic Knowledge Middleware

To bridge the gap between the KAs aware tools and combination of knowledge and
content repositories we proposed a Universal Semantic Knowledge Middleware
(USKM), that offers a high level, distributed service based on knowledge artifacts.
USKM offers KAs distribution transparency by involving a naming service for
knowledge artifacts, gateways to content repositories services, gateways to knowledge
repositories services and the context handler services. Basic architecture of the
USKM in the context of the KP-Lab Technical Services Framework is depicted

in Figure 2.
Kol
SOAP
TSF | | Context Handler ' |<»-] Session |
¢ ¢

| Knowledge Artefact Broker

: I
" 1
| 1
" 1
: USKM — Universal Semantic Knowledge Middleware !

| [ Naming _jam{ USKM. Universal Semanic Knowec gem, <[ seouiy | 1
1

| I
" 1
" 1
| 1

Notification |«»| T F-————————= ! < Transactions |
Gateways to Request
<-> Content Repository Engine <> | Logging/History
Lo - ———--=—=== i ____________ o e B
¥ SOAP

| Web Services |
CR | KR |
[ ]

Fig. 2. Universal Semantic Knowledge Middleware architecture

The basic services of USKM include life cycle service, query service, naming
service and security service. The life cycle service provides means to create, modify
and destroy KAs. The query service provides the means to find a specific KA or
a collection of KAs based on defined criteria as a result of browsing the KAs
structure. The naming service by which KAs can be given human readable name
maps them to the KA’s unique identifier. The security service provides facilities for

2 hitp://www.alfresco.com/
8 http://moodle.org/
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authentication, authorization, auditing, secure communication, nonrepudiation and
administration.To further services of USKM belong specific notification service in
case of modification of the content part of the KA in external content repository,
transaction service that allows a user to define a series of KA operations in a single
transaction and concurrency control service that offer advanced locking mechanisms
by which users can access shared KAs.
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Abstrakt.. Cielom tohto ¢lanku je prezentovat’ viziu projektu Access-eGov vo
vztahu k e-Governmentu. Projekt vyuZiva sémantické technoldgie preto je
vykresleny ich vyznam. Je nacértnuta problematika e-Governmentu a miesto
projektu v tejto oblasti spolu s pilotnymi aplikaciami, ktoré majd vyznam
projektu v e-Governmente potvrdit. Je taktieZ stru¢ne popisana vizia sluzieb
Access-eGov systému.

Kracové slova: e-Government, elektronizacia verejnej spravy, sémantické
spracovanie informa¢nych zdrojov

1 Uvod

Medzinarodny projekt Access-eGov (Access to e-Government Services Employing
Semantic Technologies - pristup k sluzbam elektronickej verejnej spravy pomocou
vyuZitia sémantickych technol6gii) je financovany Eurdpskou komisiou v radmci
programu IST - Technoldgie pre Informagnd spolo¢nost (Information Society
Technologies). Konzorcium projektu, je zloZzené z jedenastich partnerov z piatich
krajin (Slovensko, Pol'sko, Nemecko, Grécko a Egypt). Koordinatorom projektu je
Technicka univerzita v KoSiciach, pricom na projektovych aktivitach sa podielaju
najma ekonomicka a elektrotechnicka fakulta. Projekt zacal v januari 2006
a jednotlivé aktivity projektu st planované tri roky.

Ciel'om projektu je vytvorit’ platformu podporujicu budovanie elektronickych sluzieb
verejnej spravy, teda platformu, ktord bude motivacnym ¢initefom pre transforméciu
klasickych sluzieb na on-line sluzby. Sugasna situacia v oblasti ,.elektronizacie*
tradi¢nych sluzZieb poskytovanych verejnych sektorom je v podmienkach Slovenska
zlozita. Prave preto prichddza projekt Acces-eGov s inovativnym rieSenim, ktoré je
zaloZené nie len na podpore transformécie tradiénych sluzieb na elektronické, ale
zéroven na rieSeniach podporujucich kombinaciu tradi¢nych a elektornickych sluZieb.
Tento novy inovativny pristup by mal prispiet’ k rychlejSej a 'ah3ej elektronizacii
verejnej spravy.

Elektornizécia verejnej spravy sa vSeobecne povaZuje za jednu z moznosti podpory
ekonomickeho rozvoja. Pojem ekonomicky rozvoj zahrtia v sebe nie len hospodarske,
ale aj socialne, politické a iné aspekty spolo¢nosti. Cielom kaZzdej spolo¢nosti je
zabezpecit’ pre svojich obyvatel'ov rovnomerny a dlhodobo udrzatel'ny ekonomicky
rozvoj. Metddy pre napifianie tohto ciel'a sti rozne. Jednou z metdd je aj transformécia
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tradi¢nych sluzieb na sluzby elektronické ktora je beZne oznatovana ako e-
Governemnt.

2 e-Government

V sUcasnosti sa pouZziva viacero definicii e-Governmentu. Preto existuji aj rozdiely
v rozsahu e-Governmentu, ktory tieZz zavisi na Struktire riadenia Statu, na alokacii
finan¢nych prostriedkov, dostupnosti technol6gii, na skisenosti a centralnej vizii e-
Governmentu. Posledne menované je prvym krokom v procese budovania
eGovernmentu. Je potrebné si uvedomit, Ze slovo e-government sa eSte donedavna
prakticky nenachddzalo v slovnikoch, zatial ¢o dnes je vodbornych kruhoch
»popularne a pouziva sa na oznacenie mnohych skuto¢nosti spojenych s budovanim
informac¢nej spolo¢nosti. Z toho prameni aj mnoZstvo vykladov tohto slova. Uved’me
aspon niektoré z uznavanych vykladov a priblizme si sdvisiace kI'i¢ové pojmy.
Eurdpska komisia (EK) definuje e-Government ako: ,Zavadzanie informacho-
komunikac¢nych technoldgii (IKT) do verejnej sprévy spolocne s organizacnymi
zmenami, novymi postupmi a zruénostami vsnahe zvySenia efektivnosti pri
poskytovani sluzieb, zvySenia transparentnosti a posilnenia verejnej politiky.“

Podl'a United Nations (www.unpan.org) je e-Governemnt definovany ako vyuZzitie
internetu a webu pre dodavanie vladnych informécii a administrativnych sluzieb
ob¢anom.

Podra World Bank (www.worldbank.org) sa e-Government vztahuje k vyuZitiu
takych informa¢nych technolégii vo vladnych organizéciach, ktoré umoziiuji zmenit’
vztah s ob¢anmi a podnikate'mi. Tieto technoldgie mézu poskytovat’ napr. zlepSenie
interakcie medzi administrativou a ob¢anmi, zlepSit' pristupnost’ administrativnych
sluzieb pre koncovych uzivatel'ov atd’. Vysledny prinos méze byt v mensej korupcii,
zvySenej Urovne transparentnosti, zlepSenej ,,pohodlnosti®, raste vynosov, a/alebo
redukcii ndkladov.

Pri Gvahach o zefektivneni vzajomnych vztahov v tejto oblasti je mozné narazit’ na
skratky G2C, G2B, G2G a niekedy aj G2E oznacujlce v tomto poradi vzt'ahy,,vlada
ku obcanom - government to citizens“,vlada k podnikatelom - government to
business enterprises”, ,vlada kvlade - government to government® ,vlada
k zamestnancom — government to employees*”.

2.1 Miesto projektu v e-Governmente

Projekt Access-eGov prichadza s viziou rieSenia, ktoré by malo zmenit' situaciu
v sektore G2C a G2B. POjde o technologické rieSenie orientované smerom na
uzivatela. UZivate'mi budud tak ob¢ania ako aj podnikatelia, avSak anotovanie sluZieb
bude dloha pre uzivatelov systému zo strany inStitdcii verejnej spravy. V ramci
uvedenych definicii je projekt snahou o zavadzanie IKT do verejnej spravy v snahe
zvySenia efektivnosti pri poskytovani sluzieb (definicia EK), vyuZiva internet a web
pre administrativne sluzby (definicia United Nations) avyuzZiva také IKT, ktoré
umoznia zmenit’ vztah intitlcii verejnej spravy s ob¢anmi a podnikatel’mi (definicia
World Bank).
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Je potrebné zdoraznit, Ze v si¢asnosti nie je Uroven elektronizacie verejnej spravy
v takom stave, aby v3etky jej sluzby boli poskytované elektronicky a existuje tiez
problém integracie uZ existujdcich elektronickych sluZieb. Tento prechodny stav
vedie k podmienke, ktorou je neodmyslitel'na podpora tradi¢nych sluZieb verejnej
spravy na ceste ku elektoronizacii. AvSak, tato podpora bude pravdepodobne stale
dolezitd aj v ¢ase ked’ 100% sluZieb verejnej spravy bude v elektronickej forme.
V rdmci projektu sa rata aj stouto podporou, pricom sémanticky popis tradi¢nych
sluzieb bude zaregistrovany v Access-eGov systéme.

Na druhej strane mnozstvo existujlcich elektronickych sluzieb vytvorenych
jednotlivymi inStitdciami verejnej spravy nie je zanedbatelné a ich dalSie vyuZzitie
bude potrebné (stav EU). Ak vSak vezmeme do Gvahy ich prepojenost’, situacia sa
podoba na izolované ostrovy v mori. Pokracujlc v tejto predstave, snahou projektu
Access-eGov je tieto ostrovy spojit’ a umoznit’ ich d’alsi ,,rast”. V terminoldgii sluzieb
verejnej spravy, technologické rieSenie ma umoznit' vyuZitie uZ existujucich
elektronickych sluzieb a bude zabezpecovat integraciu sluzieb aich vzajomni
sémanticku interoperabilitu, bude podporovat’ tradi¢né sluzby, pricom napredovanie
smerom k elektronizécii tradi¢nych sluzieb bude zavistiet' na inStitlciach verejnej
spravy — distribicia kompetencii, decentralizacia.

Proces transformacie klasickych sluzieb na on-line sluzby sa vSeobecne povazuje za
vyzvu dneSka v e-Governmente (Casto aj za samotnu definiciu e-Governmentu).
Technologické rieSenie projektu ma vytvorit motivujice prostredie k vytvaraniu
elektronickych sluzieb verejnej spravy tym, Ze umozni jednoduché zavadzanie
novych elektronickych sluzieb pre inStitdcie verejnej spravy, ich 'ahku lokalizaciu a
bude podporovat spominand sémantickl interoperability medzi novymi a
existujicimi elektronickymi sluzbami. Na tento ciel' budd vyuzité sémantické
technologie - sémanticka interoperabilita, peer-to-peer (P2P) siet, architektira
orientovana na (web) sluzby (SOA) - distriblcia kompetencii. P2P siet umozni
navySe chod celej infraStruktlry aj v pripade, Ze nejaka jej cast’ prave nefunguje,
ked’Ze rovnaké data (napr. sémanticky popis sluzieb) mézu byt uloZzené redundantne.
Pristup na baze P2P siete tieZ umozni jednoduché a lacné budovanie infraStruktdry.
Stat’ sa jej sucastou bude znamenat’ nainstalovat Access-eGov software na poéita¢
spojeny s internetom a zaregistrovat’ tento pocita¢ ako novy uzol v sieti.

2.2 Pilotné aplikéacie

Tri rozliéné piloty Access-eGov systému budd implementované a vyhodnotené.
Specifikécia pilotov zo strany uZivatel'skych partnerov bola vykonana.

Slovensky pilot bude implementovany KoSickym samospravnym krajom a mestskym
Uradom v Michalovciach. Tento pilot je zamerany na Uzemné planovanie a stavebné
povolenie. Ciefom je urobit’ tento komplikovany proces transparentnejsi, efektivny a
jednoduchsi na pochopenie, teda Setriaci ¢as (a tym padom aj peniaze) pre ob&anov a
podnikatel'ov.

Por’sky pilot bude implementovany v regione Silesia v kooperacii s Cities on Internet
Association (asociacia ,,mesta na internete) a City Hall of Gliwice (radnica v
Glivciach). Tento pilot je zamerany na proces registracie firmy.
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Nemecky pilot bude rozsirenim existujiceho rieSenia pre podporu elektronickych
sluzieb (volané “Zustaendigkeitsfinder” - *“vyhladava¢ zdrojov”), v Statnej
administrative Slezvicka-Holstajnska (Schleswig-Holstein), zapracovanim
sémantickej vrstvy (bezpeénd sémantickd interoperabilita medzi narodnymi a
lokalnymi centrami verejnej spravy). Vystupom bude zvySenie kvality sluzieb pre
ob¢anov a podnikatelov pri vyhradavani sluzieb poskytovanych narodnymi ako aj
lokalnymi centrami verejnej spravy.

NavySe Nemecka univerzita v Kahire, vdaka jej sidlu v Egypte, predstavuje vyzvu v
podobe Egyptského testovacieho pripadu: napriklad uZivatel s egyptskym
ob¢ianstvom hrladajdci elektronické sluzby verejnej spravy alebo takyto uZivaterl,
ktory chce ziskat" pracovné povolenie v krajine EU. Toto bude zahriiovat' vSetky
Ulohy vnutro-eurdpskeho scenara plus dalSie vyzvy v podobe jazykovych a
kultarnych rozdielov.

3 Vizia sluZzieb systému Access-eGov z pohladu jeho ciePovych
skupin

Tradi¢ne sa interakcia ob¢ana a vladnej organizacie nevyhnutnd pri rieSeni prislusnej
Zivotnej situécie (alebo pri obchodnom pripade podnikatel'a) uskuto¢iuje fyzicky na
nalezitom centre verejnej spravy tymto centrom poskytovanou sluzbou. S vyuZitim
IKT je mozné centréd poskytujuce potrebné sluzby lokalizovat’ s ohfadom na potreby
klienta efektivne. Takéto centra mbzu predstavovat’ aj stanky, lokalizované blizSie ku
klientovi alebo aj osobné pocitace na klientovi najblizSom drade. Dnes si zvycajne
poskytované len atomické sluzby (limitovana integracia atomickych sluZieb).
UZivatelia maju problém tak s lokalizaciou ako aj s kombinaciou viacerych sluzieb pri
komplikovanejSich situéciach.

3.1 Obéania a podnikatel’ské subjekty

Access-eGov [1] sa zameriava na zvySenie pristupnosti sluzieb verejnej spravy pre
uzivatel'skd skupinu ob¢anov ako aj pre uzivatel'skl skupinu podnikatel'ov podporou
interoperability medzi  existujdcimi elektronickymi ako aj ,tradi¢nymi®
administrativnymi sluzbami. Pre obe skupiny uZivatelov bude Access-eGov
poskytovat’ dve zakladné kategérie sluzieb. Ako prvé bude Access-eGov
identifikovat’ — podra potrieb a kontextu situacie pouZivatela (lokaliz&ciu a pod.) —
tradi¢né a/alebo elektronické sluzby verejnej spravy (ak su k dispozicii) relevantné ku
danej Zivotnej situacii (daného pouZivatela ob¢ana) alebo obchodny pripad (v pripade
podnikatel'ov). Tato Uloha znamena najdenie preddefinovaného ciel’a, ktory bude na
zaklade sémantického porovnania s so nahradeny prislusnou elektronickou sluzbou.
Ako druhé, po tom &o boli relevantné sluzby identifikované, bude Access-eGov
generovat’ ,scenar pozostavajuci z elementarnych sluzieb verejnej spravy. Vo
vacSine pripadov bude mat’ tento scenar hybridnd podobu — napr. kombinécia
elementarnych tradi¢nych a elektronickych sluzieb — ktoré povedu ku poZadovanému
vystupu. Access-eGov bude tieZ poskytovat’ virtualneho personélneho asistenta, ktory
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bude prevadzat’ uzivatel'a cez scenar (pripominat mu terminy, poskytovat’ podporné
informécie, inicializovat’ elektronické sluzby, atd’.). Pre garanciu, Ze Access-eGov
bude pristupny a podstatne uZito¢ny aj skupindm znevyhodnenych uZivatelov, je
Specialna pozornost v projekte venovana kritériam elektronickej inklazii (e-
Inclusion).

3.2 Indtitacie samospravy

Technologickeé rieSenie projektu Accessegov [2] je zamerané na podporu sémantickej
interoperability medzi novymi a existujucimi elektronickymi sluzbami. Pre institlcie
verejnej spravy (na vSetkych Grovniach) poskytne projekt moznost' jednoduchého
zavedenia novych elektronickych sluzieb. Verejna sluzba, ktora bude registrovana v
systéme Access-eGov, bude moct’ byt lokalizovana, koncentrovana a prostrednictvom
agentov a inych IT komponentov aj automaticky pouzivana. Vyhoda takéhoto rieSenia
spociva najma vo zvySeni dostupnosti sluzieb, zvySenej transparentnosti
poskytovanych sluzieb, zniZeni prevadzkovych nékladov pri poskytovani sluzieb a
ulahéeni prace zamestnancov institGcii verejnej spravy. Je zrejme, Ze posledne
menované je vo vSeobecnosti tazko preukazatelné v &islach. Ide vSak o problém
celého e-Governmentu, ktory odblranim jedného druhu prace prindSa iny. Projekt
Access-eGovernent prinesie pridani pracou v podobe nutnosti sémantického popisu
sluzieb ako aj v tvorbe zakladnych skeletonov scendrov pre procesné modely
typickych Zivotnych situacii a (drzbu oboch. Tieto aktivity, vSak bud( prindSat
ovocie mnohym ob¢anom a podnikatel'skym subjektom a mézu tak odbdrat” zna¢nu
¢ast’ inak nevyhnutnych interakcii.

4 Zaver

V tomto prispevku je prezentovany projekt Access-eGov ajeho vztah ku
elektronizacii verejnej spravy. Projekt mé zvysit dostupnost’ sluzieb pre v3etky
skupiny obyvatel'ov a podnikatel'ské subjekty a bude zlepSovat’ transparentnost’ tychto
sluzieb. Access-eGov systém je navrhnuty tak, aby bolo mozné vyuzit' uz existujice
elektronické sluzby pricom ma podporovat’ aj tradicné sluzby verejnej spravy.
Z tychto sluzieb bude mozné vytvérat' sluzby zloZené. Existujlice presvedcenie, Ze
elektronizaciou, pre ktori projekt vytvara vhodné prostredie, budd zniZené
prevadzkové naklady pri poskytovani sluZieb verejnej spravy. To méZme v naSom
pripade spojit’ so zjednoduSenim pristupu sluzieb, ich interoperabilitou a ulahgenim
ziskavania potrebnych informécii pre obcanov a podnikatel'ov po zavedeni systému
do praxe. Tym saodblra ¢ast prisluSnej préace institdcii. Na druhej strane vSak
pribudne praca zviazand so semantickym popisom sluzieb verejnej spravy. Zamerom
projektu je, aby tato ¢innost' v koneénom dosledku znamenala zjednoduSenie a
ulahéenie prace zamestnancov institdcii verejnej spravy.
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Abstract. The paper describes functional architecture of Access-eGov system —
a platform for integration of e-Government services on a semantic level. Design
follows principles of peer-to-peer and service-oriented architectures, with
implementation of Web Services. The overview of main system components is
presented, together with the brief functional description.
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1 Access-eGov system — objectives and functionality

The Access to e-Government Services Employing Semantic Technologies (Access-
eGov) is an international EU IST project No. FP6-2004-27020. It has started in
January 2006 and it is planned for 36 months. The main objective of the project is to
develop a common platform for integration of e-Government services, based on
Semantic Web technologies and distributed architectures.

The two basic categories of services will be provided for citizens and business
users of the Access-eGov system. Firstly, it is a meta-service, which will identify
proper e-Government services relevant to the given life event or business episode,
according to the (semantically expressed and described) user’s needs and
requirements [1]. Secondly, after finding relevant services, the Access-eGov system
will generate a scenario consisting of elementary government services. These services
can be of a “hybrid” nature, i.e. a combination of traditional and electronic e-
Government services. A specialized interface, named as Virtual personal assistant, is
intended to guide users in the space of available services.

2 Architecture design

The requirement of integration of the existing e-Government services implies a
modular, extensible, distributed, and flexible architecture composition. A matrix
approach was chosen for designing the architecture in a structured and formalized
way [2]. The matrix consists of four views (columns) and four abstraction levels
(rows) in order to compose a coherent description framework. The framework
addresses four distinct views: Security, Functionality, Data (as well as metadata), and
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Structure. There are strong interdependencies between them, since they represent
complementary views. Four levels of abstraction are addressed, namely: Context,
Conceptual, Logical, and Physical levels. Based on this framework, the requirements
were specified for each of matrix fields — a description of an abstraction level based
on each of views. The key decision made at each of levels was to select the most
adequate solution alternative that delivers the required services, and best addresses the
guiding principles.

Concerning the interoperability between different types of legacy systems used
within public service backend, an implementation of Web Services in conjunction
with service-oriented and peer-to-peer architectures was chosen as the most promising
approach. The approach based on these technologies will prove far more feasible, but
will be challenging since research is still necessary in this field of distributed
application architecture. The figure below (Fig. 1) gives an overview of the system
components.

i =

Public Adminigtration tools

| AeG Annotation services

. TR _._ ____________________ -<
i | Dizz overy | | Cormposition | | Execution |
1
&G Peraonal E % ¢ ¢
Assistant cliert  [48p | Core components | EHices twiehie

frrereh

! A #
Other service E ediation
1

¥
1

i

i

i Electraonic
el
1

:

:

:

i

"Traditional"
requeser [l services
1
H L J
: Diata repositories |
1
User clients AeG Infragtructure components Sewices

Fig. 1. Overview of the Access-eGov system components [2].

The overall Access-eGov system may be sub-divided into three major component
groups:

= the AeG Infrastructure itself,

= the AeG Personal Assistant client and corresponding end-user interfaces,

=  AeG Administration and Management Tools (e.g. Annotation services), which

are not integral parts of the AeG Infrastructure, but are affiliated to it.

The actual services are still hosted under responsibility and on the premises of
users, which are participating public agencies or their respective data centres. They
are simply made available through Access-eGov system, and thus do not form an
integral part of the system itself. The services are either electronically available
(directly via web service interfaces or web forms) or represent “traditional” office
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services that may merely be described and registered within AeG. Only executable
services will dispose of an electronic XML-interface to the AeG Infrastructure.

Public agencies are supposed to annotate those services that they are willing to
expose to the public. These kinds of service-related metadata will be transferred to the
Persistence layer via executable Core components. Therefore, domain experts may
use a generic Annotation service component, available as web-based application.

The Core components consist from in-memory object model for semantic web
services ontologies, web service entry point that makes infrastructure components
available to Personal Assistant and Annotation services (Connection manager),
security and notification services. These components are mediated on the data level to
avoid possible data heterogeneity problems [3]. The mediation will be based on
mappings expressed with the mapping ontology and designed for the mapped domain
ontologies.

All the necessary system data are stored in the persistence layer and are accessible
by unified API. Several repositories were identified according to the type of stored
data, namely:

= life events / goals repository for managing goals and generic scenarios

associated with the life events,

= service repository for storage of descriptions of the e-Government services

registered for the specific already orchestrated scenarios,

= ontology repository containing domain ontologies and associated mappings for

mediators,

= process context repository for storage of the context (state) of the processes

executed for the orchestrated life event scenarios,

= security data repository containing user login information and access rights.

Discovery, Composition, and Execution modules are responsible for semantic
matching of goals and services, its dynamic composition into complex sequences, and
invoking composed services of orchestrated scenarios.

On the administration side, the Annotation services are included into a web-based
tool providing functionality for semantic description of particular services, for
management of life events and goals.

The set of specific domain ontologies will be used to represent the functional and
non-functional properties of a particular service [4]. Currently it is assumed that the
system will need ontologies for Fees, Forms, Input and output artefacts, and
Administration. Each domain ontology may have mappings to other ontologies stored
in the Ontology repository (a part of Data repository). This way, an ontology can have
M:N-relations to other entries in Ontology repository. All the ontologies used by
Access-eGov platform will be stored in persistent repositories that are accessible to all
peer-instances. The ontologies will consist of a core set of public service concepts to
sufficiently describe services. The actual ontologies that are used for annotation
process and for lookup during automated service retrieval will be provided by the
respective public service provider.

The AeG Personal Assistant accesses AeG Infrastructure functionality via
standardised interfaces and communicates with executable Core components that are
charged with Discovery, Composition and Execution of registered public services. All
communication goes through these Core components in order to gain access to
persistently held data. The Personal Assistant client is a thin web-based client that
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provides a functionality of user and profile management, scenario execution
management, and life events / goals discovery.

3. Conclusion, future work

The modular architecture of Access-eGov system, based on web services, was briefly
described in the paper. After the detailed analysis of available resources, the WSMO /
WSMX was chosen as the most promising platform and environment for
implementation. In the next phase of the project, this choice will be proven on the
three pilot applications — in the Public Administration organizations from Germany,
Poland, and Slovakia.

Acknowledgments. The Access-eGov IST project No. FP6-2004-27020 is co-funded
by European Commission.
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1 Jednoduché vs. komplexné modely pouZivatela

Aktuélne trendy v modelovani pouzivatela pre adaptivne webové systémy mo-
7zeme rozdelit do dvoch skupin. Na jednej strane vznikaju stale komplikovanejsie
modely, ktoré sa snazia pokryt mnoho aspektov pouZzivatela ¢oraz komplexnej-
§imi formalizmami (napr. ontologia GUMO [3]) a na druhej strane je viacero
(nasadenych) systémov, ktoré dokazu svojim pouZivatelom poskytnat sluzby
personalizacie, odporacania bez potreby rozsiahlych modelov (napr. s vyuZi-
tim profilov). V mnohych pripadoch je tento model dokonca latentny, vyjadreny
implicitne. Nevyhodou oboch skupin systémov je ich uzavretost iba sam sys-
tém vie interpretovat pouzity model pouZivatela, resp. vie ako personalizovat
svo]j obsah. Komplikovanejsie modely sa pouzivaji v mengej miere najméa kvoli
problému ich automatického naplhania.

2 Spravanie skupin pouZivatelov

Casto sa ako zaklad dat o pouzivateloch zoberie zaznam webového servera, nad
ktorym sa potom aplikuji techniky dolovania oznacované ako web usage mi-
ning [1,2]: objavovanie znalosti — zhlukovanie, klasifikicia, objavovanie asociécii
alebo sekventnych vzorov v zéznamoch o spravani sa skupin pouZzivatelov. Vy-
sledky, ktoré tieto metdédy davaju v8ak nemodzeme pokladat za charakteristiky
pouzivatela. Predstavuju vzory spravania, ktoré mozu vsak poskytnut dobry od-
had toho ¢o pouzivatel hlada, aké si jeho zaujmy, najmé vzhladom na viAcsiu
skupinu pouzivatelov.

Tieto pristupy Casto sltzia ako podklad pre profilaciu typického navstevnika
webu (webového informac¢ného systému) a lepSie prepojenie stranok. Existuju
pristupy, ktoré takto objavené znalosti pouzivajiu pre odporu¢anie (napr. stra-
nok, ktoré najcastejsie navstevuju pouzivatelia patriaci do toho istého zhluku ako
aktualny pouzivatel). V tejto oblasti sa dajt vyuzit napriklad aj umelé neuro-
nové siete ¢i genetické algoritmy a iné tzv. soft computing techniky [4]. Systém
vSak vAc§inou nie je zamerany na jednotlivca, ale na skupinu pouzivatelov.
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3 Od charakteristik skupiny k jednotlivcovi

Pre naplianie modelu pouzivatela mozeme pouzit aj heuristické metody, ktoré
odhaduju charakteristiky pouzivatela na zéklade vykonanych akcii [5] a so zna-
lostami o interpretécii tychto akcii (napr. ak pouzivatel vyhodnoti dve pracovné
ponuky velmi rozdielne a tieto sa lisia iba v mieste vykonavania prace, mo7no z
toho usudzovat, Ze je miesto vykonu prace pre pouzivatela dolezita charakteristi-
ka a vieme aj povedat, ktora je vhodna a ktora nevyhovuje). Tento sposob nie je
celkom mo7né tplne abstrahovat od pouZitej domény, ale pridanim znalosti o do-
méne sa dokdzeme dostat na troven jednotlivca a jeho doménovych preferencii.
V pripade takéhoto modelu sa vSak komplikuje aj jeho vyuZitie pri personaliza-
cii. V gpecifickych doménach mo’no pouzit aj dalsie sposoby. Napr. v doméne
pracovnych pontk je zaujimavym spdsobom ziskania charakteristik pouZivatela
multikriteridlna analyza vykonana na zéklade vyhodnotenia urcitého poctu pra-
covnych poniik pouZivatelom na definovanej §kale, pricom sa nasledne analyzuja
hodnoty jednotlivych atribiitov tychto pontik.

V systémoch pre vzdelavanie sa ziskavaju charakteristiky aj vykonanim tes-
tov, ¢im sa odhaduje tirovei vedomosti prezentovanych pouzivatelovi/Studentovi.
Tiato metdédu v8ak nemoZno povazovat za automatické ziskanie charakteristik,
kedZe je dopredu dané ¢o sa ktorou odpovedou zisti.

Ked7e model pouZivatela je len modelom, nie je mozné ocakavat, 7e bude
zhodny s redlnymi charakteristikami pouzivatela. Proces odhadovania cielov a
charakteristik pouzivatela je naro¢ny a zrejme bez zasahov samotného pouzi-
vatela ani nie je mozny. Otazkou je do akej miery sme schopni automaticky
odhadovat a kol'ko vlastne potrebujeme preto, aby informac¢ny systém poskyto-
val informacie v silade s o¢akdvaniami pouZivatela (je toto vobec mozné?).

4 Zhrnutie

Ciastoéné odpovede na polozené otézky vznikaju v ramci riesenia projektu NA-
ZOU 6], ¢asti, ktora sa zaoberd personalizovanou prezentaciou dat a ponuk.
Ukazuje sa, Ze pomerne jednoduché heuristiky (napr. analyzovanie charakteris-
tik pontik, na ktoré pouZivatel klikol ako prvé) zabezpedia velmi dobré spravanie.
Pridavanie d'algich heuristik ho uZ zrejme nezlepsi natol’ko. Povazujeme za dolezi-
té diskutovat tieto otdzky aj v kontexte vyhodnotenia objavenych charakteristik
a ziskania spétnej vizby o kvalite odhadu.

Ukazuje sa, 7e pristup zaloZeny na heuristikach, pravidlach moze byt s mini-
malnym usilim znovupouzitelny vo viacerych doménach (menia sa iba pravidla,
nie ich interpretacia). Predpokladom na znovupouzitie je:

— vhodny navigaény model model musi poskytovat pouzivatelovi uréita vol-
nost a slobodu vyberu, aby sa v navigéacii mohli prejavit pouZivatelove
preferencie, zaujmy a pod. Navigaény model musi umozihovat definiciu zmys-
lupInych pravidiel spravania sa pouZivatelov;

— konzistentny pristup k tvorbe modelu pouZivatela — interpreter je znovu-
pouZitelny vo viacerych doménach vtedy, ked sa v tychto doménach zvoli
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podobny pristup k reprezentovaniu charakteristik pouZzivatela. V projekte
NAZOU oddelujeme doménovo $pecificky a doménovo nezavisly model pou-
7ivatela. Jednotlivé charakteristiky vznikaju ako ingtancie prislusnych tried
(typov) charakteristik. Interpreter teda moze pracovat s modelom pouZiva-
tela na vy8Sej trovni pricom méa k disporzicii opis, ktory mapuje vieobecné
koncepty modelu na aktualne pouzity doménovo §pecificky model.
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1 Existujice problémy

Praca s informéciami predstavuje v sii¢asnosti vyznamnu naplit prdca mnohych
Tudi — pouzivatelov informa¢nych systémov. Mnozstvo pristupnych a spractuva-
nych informécii exponencidlne narasté, pri¢om uz v sucasnosti samotna velkost
dostupného informaé¢ného priestoru sposobuje mnohé problémy. Tieto nastéavaju
na roznych tirovniach spracovania a prace s informaciami.

7 pohTadu vyhlad4vania je naro¢né modelovat informéacie v mnohych infor-
macnych doménach a efektivne vyhladat tie, ktoré zodpovedaju dopytu, ktory
¢asto nemusi byt celkom presny. Na druht stranu, z pohladu pouzivatelov, je
napr. narotné formulovat dopyt do niektorého z vyhladavacich strojov a na-
sledne najst pozadované informéacie vo vyslednom dokumente, resp. na webovej
stranke, ktora je vysledkom vyhladavania.

V praxi sa problémy prejavuju rozne. ,Stratenie sa“ pouzivatela v hyperpries-
tore, ¢asova narocnost vyhladavania a prace s informaciami, formulacia dopytov
pre vyhladéavacie stroje alebo najdenie pozadovanych informécii v dokumentoch
predstavuji len niekol'ko problémov, ktoré je nevyhnutné riesit.

2 Aktuéalne pristupy

Klasicky web tvoria dokumenty s informéciami, ktoré opisuji najmé sposob ich
prezentacie pouZzivatelovi. S cieflom umoZnit automatické spracovanie informécii,
ktoré sa stdva s narastom ich mnoZstva nevyhnutnostou, vznikla vizia webu so
sémantikou, ktory opisuje aj vyznam — sémantiku jednotlivych informécii. Nad-
stavbu webu so sémantikou predstavuje web dovery, ktory k vyznamu informacii
priddva aj znalosti o pravdivosti, resp. doveryhodnosti zdrojov tychto informacii.

Proces vyhladania, pristupu a spracovania informécii sa typicky zacina for-
mulovanim dopytu, pomocou ktorého sa z celého informa¢ného priestoru ziska
relevantné cast informacif (napr. dokumentov alebo webovych stranok). Nésled-
ne pokracuje navigaciou vo vysledkoch vyhladavania a vyberom vhodnych do-
kumentov [1]. Po najdeni vysledného dokumentu proces pokrauje hfadanim
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cielovych informécii v fiom, pricom zaverom procesu je az najdenie a spracova-
nie cielovych informécii.

Samotné dostupnost technickych prostriedkov (napr. vyhladavacich strojov,
formalizmov, algoritmov), ktoré buda vyuzivat nové metédy vyhladavania a
prace s informaciami neznamend automatické vyrieSenie uvedenych problémov.
Nutnym predpokladom vyrieSenia problémov je az schopnost pouzivatelov jed-
noducho a efektivne vyuzivat dostupné prostriedky na vykonanie jednotlivych
Casti procesu vyhlTadania a prace s informéciami:

— Formulacia dopytu pre vyhladéavaci stroj, idealne so sémantikou.

— Spracovanie” vysledkov vyhladavania a najdenie mnoZiny cielovych zdrojov
informacii (dokumentov, webovych stranok).

— Najdenie a nasledné spracovanie cielovych informécii vo vyslednom doku-
mente [2].

Riegenie uvedenych problémov v kontexte webu so sémantikou, resp. webu
dovery vyzaduje nové metdédy v pristupe k informéciam, kedy navigicia iba
pomocou explicitne uvedenych odkazov v texte je nepostacujiica. Ulohu vyhla-
déavania informacii zjednoduguju vyhladavace a meta-vyhladavace, ktoré najdu
webové stranky, ktoré povazuju za relevantné vzhladom na dany dopyt a dalej
sa znovu pokracuje navigaciou v explicitne uvedenych odkazoch v dokumente
(webovej stranke).

Ked7e vizia webu so sémantikou predpoklada opis informa¢nych zdrojov on-
tologiami, hfadanie metod efektivnej navigacie v ontolégiach a jej personalizacia
predstavuje perspektivny pristup k rieeniu uvedenych problémov vo v8etkych
troch Castiach procesu prace s informaciami. Vyuzitie ontolégii za G¢elom séman-
tického vyhladéavania [3,4,5] vyzaduje formulaciu dopytov do ontologie s vyuzitim
sémantiky informécii, o pre ,beznych” pouzivatelov prestavuje netrividlnu tlo-
hu. Vhodn4 vizualizdcia informac¢ného priestoru a navigicia v iom s podporou
pre personalizdciu moze vyrazne ulahéit tvorbu komplexnych dopytov.

3 Navrhnuta metéda

Identifikovali sme niektoré metody ako realizovat efektivnu navigaciu v ram-
ci spominanych ,novych metdéd“ v pristupe k informaciam, ktoré vychadzaju
z opisu prezentovanych informacii ontolégiou, kedy okrem siete informécii ma-
me aj sief metadat a hTadame efektivne metédy navigécie v takomto priestore.
Navigaciu vo vysledkoch vyhladavania a pripadné zjemnenie dopytu je mozné
realizovat pomocou fazetového prehliadaca [6] s pokrocilym rozhranim pre de-
finovanie dopytov, rozsireného o podporu ontoldgii a personalizacie na zaklade
modelu pouzivatela [7].

Tato metéda vychadza z myslienky ohranic¢ovania priestoru na zdklade at-
ribitov prezentovanych instancii. Fazety a ohranicenia vybera pouZivatel a v
existujucich pristupoch st definované vopred a to zvyCajne na zéklade pria-
mych vlastnosti jedného typu inStancii. Prispevkom k navigacii je dynamické
generovanie faziet na zaklade dopytu, tdajov z doménovej ontologie a ontologie
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pouzivatela. Ked7e fazety st generované pocas prace pouzivatela nie je potreb-
né ich vopred definovat, ¢o zlepsuje pracu v dynamicky sa meniacom prostredi
obsahujiicom vopred nezndme typy informacii. N&§ pristup sic¢asne podporuje
generovanie faziet aj na zaklade nepriamych vlastnosti inStancii, t.j. vlastnosti
in§tancii iného typu, ktoré st s hfadanymi in§tanciami v nejakom vztahu, ¢o
umoziuje pouzivatelovi efektivnejSie formulovat vlastnosti hfadanych ingtancii.

Pri procese generovania faziet identifikujeme priame a nepriame vlastnosti
in§tancii, ur¢ime ich relevanciu napr. na zaklade modelu pouZivatela alebo po-
mocou technik kolaborativneho filtrovania. Nasledne skonStruujeme opis novej
fazety na zaklade typu konkrétnej vlastnosti a zaradime ju do mnoziny pouziva-
nych faziet.

Pre efektivnejSiu identifikdciu a vyber cielovych dokumentov z vysledkov
vyhladavania navrhujeme pouZitie adaptacie rozhrania tak, aby prehlad vysled-
kov vyhl'adavania obsahoval informéacie, ktoré pouzivatelovi pomdézu pri vybere
cielovych dokumentov. Adaptivne zobrazenie pre pouZzivatela relevantnych atri-
butov na zaklade modelu pouZzivatela a anotécia jednotlivych vysledkov umoznia
pouzivatelovi lep§ie sa rozhodnuf pri vybere smeru dalsej navigécie.

Tdentifikovanie tych ¢asti vysledného dokumentu, ktoré obsahuju pozadované
informécie a navigacia v nich predstavuje samostatny problém. DéleZitou je nie-
len formulécia dopytu (prebrané z predchiadzajiceho vyhladavania), ale najmé
spdsob prezenticie vysledkov a navigacie v samotnom dokumente. Zaujimavé je
automatické identifikovanie vybranych ¢asti dokumentu, ich zobrazenie spolu s
pripadnou anotaciou a navigicia medzi nimi na zéklade odvodenych odkazov,
resp. odportcanie sivisiacich alebo relevantnych ¢asti dokumentu.

4 Zhrnutie

Opisali sme existujuce problémy v oblasti vyhladavania a spracovania informécii
ako aj problém navigacie vo velkych informaé¢nych priestoroch. Medzi aktualne
pristupy k rieSeniu uvedenych problémov v oblasti patria web so sémantikou a
ontoldgie, fazetové prehliadace ako aj personalizacia a adaptivne webové systémy.

Navrhli sme rozsirenie a kombinéciu existujucich pristupov na zlepSenie prace
pouZivatela s velkymi informa¢nymi priestormi pomocou rozsirenia klasického
fazetového prehliada¢a o prace s ontologiami a adaptaciu na ziklade modelu
pouzivatela.

Pomocou dynamického generovania faziet a rozsireného rezimu tvorby dopy-
tov umoziiujeme pouzivatelovi jednoduchii a efektivnu vizualnu tvorbu dopytov
do ontologie prostrednictvom navigacie v nej. ZlepSenie pristupu a pochopenia
informécii dosahujeme personalizaciou faziet a pohladov na vysledky vyhlada-
vania ako aj identifikiciou a zvyraznenim hladanych informécii v cielovom do-
kumente.

Pod’akovanie. Této praca vznikla za ¢iastotnej podpory Agentiry na podporu
vedy a techniky na zdklade zmluvy ¢. APVT-20-007104 a $tatneho programu
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Abstract. The paper describes an ontology approach to the modeling of
administrative workflow processes. The workflow process is described as a set
of activities. The administrative character of workflow enables to describe each
activity via input and output documents. The activity is invoked when all
required input documents are completed. All documents’ descriptions are also
stored in the ontology. The ontological approach is applied on the RAPORT
system. The description of architecture and basic principles of the RAPORT
system is provided in this paper.

1 Introduction

Recent research in workflow management for organizations with
administrative type of processes is focused on the application of intelligent
information technologies on the basis of workflow management systems. In the
systems, intelligent knowledge base is used to represent knowledge within
organizations; thus, response to environmental changes is allowed on the basis of
historical situations, and also according to employees’ knowledge and experiences
captured within the modeled organization. Such approach enables to develop systems
that can resolve current problems and offer expert view on the current problem
solution. There exist a lot of software tools to support workflow management. Many
organizations with administrative processes have couple of works to carry out that can
be formalized and structured according to internal directives and instructions. It is not
required to use the complex workflow management system in such organizations,
because there are just very few well defined processes. The development of IT allows
employees of many organizations to use the Internet, intranet, e-mails, etc. during
their work. The paper describes a system based on e-mail communication and a web
portal that is suggested for management of workflow processes in administrative
organizations. The core of the system is an ontology that contains organization model,
activity model and data model. The sequence of activities is ontology driven. The next
activity is invoked when all input conditions that are represented by approved or
finalized documents, are completed. Big advantage of such solution is in relatively
easy implementation on the assumption that the organization has e-mail
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communication and internet access established. Employees are not required to learn
working with another type of software. Web portal provides all necessary information
about workflow processes and e-mail communication enables automatic or semi-
automatic notification about deadlines, required actions, and changes in plans, etc.

The ontology based workflow management improves administrative processes
in several ways, i.e. improves the quality of work, saves the processing cost, proposed
system can advice user with actions to be taken and suggest user with solutions which
are related to current user’s working process and time savings. This kind of
administrative work requires the broad knowledge of rules (laws, internal instruction,
etc.) as well. The system based on ontology can encapsulate such knowledge;
moreover it can capture the solutions of past processes and propose the most proper
one. The users also will have overview upon the personal assignments of current
working processes, so the users of system evade the processing of the same thing
twice. Moreover, the proposed system will inform user about the progress of current
workflow activity and about the pending processes.

2 Architecture

The architecture of the knowledge system is designed in the generic way that
can work for arbitrary administration process. It also takes care about administrative
process in the CST. The system architecture comes from the following requirements:

1. collect experience from users and present useful experience to other users
that works in the same or similar work context,

2. keep an eye on current training plans that contain of important deadlines,
alarm users about that;

3. prepare for users at deadlines necessary information such as predefined
emails, documents, formulas and let users know about that,

4. support user’s experience exchange and collaboration.

A 3-tier layer architecture consists of: data layer, process layer and presentation layer.
As in several current projects, important background of the system design is its
ontology, which defines structure and relationships among experience entities;
ontology is the main mechanism used for the representation of information and
knowledge, definition of the meaning of the terms used in the content language and
the relation among these terms.

Data layer: Data layer ensures functionality of the database and the file system
repository. Information and knowledge are organized and maintained for the use of
the process and presentation layer. The generic, domain-specific and user-model
ontology are also stored in the data layer in OWL format and in database. Predefined
structure of such as documents, formulas, templates and predefined plans of training
activities are stored here. Such information and data can be managed and modified by
the system administrators.
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Process layer: is the heart of the system. It functionalities are designed to fulfill
the system requirements. The functions of the process layer can be briefly listed as
follows:

1. ensure event monitoring and notification,

2. information analysis,

3. creating of ontological data based on accessible resources and context, storing

them through Data organization and maintenance as experience for future use.

4. creating active notes based on the current working context and previous
experiences in the data layer and providing them to users through the
presentation layer

5. preparing required information (documents, emails) related to the current
working activity and working context according to the predefined templates,
structures and accessible knowledge

Presentation layer: provide transparent, user-friendly and adaptable middleware for
presentation knowledge and information to users. To fulfill this purpose, the
presentation layer describes the user model with user ontology in the background. The
user ontology is generic personal ontology that is firm extended for the army
environment. The user ontology is already well-integrated with the domain-specific
ontology and is accessible from the data layer.

Based upon these requirements the personal, communication, function, data
and process model of workflow management system was developed [1, 2].

Conclusion

The approach of the knowledge management for the design of the system
architecture in the administrative process is applied in a process of military exercise
preparation within a project RAPORT [3]. Research is build based on the long-term
work in this research area within EU RTD IST project “A Platform for
Organizationally Mobile Public Employees” [4, 5], etc. The idea of active
notes/advice comes from the DECOR [6]. The difference and new in the presented
system is the combination of workflow management system in the administrative
processes with email processing [7, 8], that is more lightweight and has found wider
usage in small and medium sized enterprises and in administrative organizations as
well.

This work is supported by Slovak national projects APVT-51-024604, APVV
LPP-0231-06 SPVV 1025/2004, VEGA 2/6103/6, VEGA 2/7098/27 and EU RTD
IST project K-Wf Grid FP6-511385.
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Abstract. Email repositories and an email activity are valuable assets for any
modern internet based business organization. In order to achieve organizational
objectives or to successfully run a business process, goals, tasks or actions in
any organization need to be communicated. Communication is important part of
a business process and collaboration. When storing knowledge provided by a
user, the context of this information or knowledge has to be detected. The
context of the user can be represented by the current user task/activity, business
process, and other related parameters. In most of internet oriented businesses,
email is considered as a primary medium for information exchange, and email
also plays a major role in an SME business process. According to statistics,
email is the second most used service of the internet after WWW. Therefore
email can be considered as a good medium for detection of the user context /
problem, business process, task, customer or other related data and thus Email
can be a medium for active information and knowledge provision. We also
briefly describe the ACoMa tool (Automated Content-based Message
Annotator), which provide context sensitive knowledge on EMBET platform. If
application domain ontology is available and an email message belongs to
described application domain, the tool can find application context in email
message and attach relevant information and knowledge into it.

1 Introduction

Email repositories and an email activity are valuable assets for any modern
internet based business organization. In order to achieve organizational objectives or
to successfully run a business process, goals, tasks or actions in any organization need
to be communicated. Communication is important part of a business process and
collaboration. According to Habermas’s work [1], the categories of communication

* This work is supported by projects K-Wf Grid EU RTD IST FP6-511385, NAZOU SPVV
1025/2004, RAPORT APVT-51-024604, VEGA 2/6103/6, VEGA 2/7098/27.
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goals in organizations are: Commanding a specific action; Managing Collective
Action; Influencing; Providing Information for Future Action; and Seeking
Information for Future Action. Therefore business email communication is action
oriented, communication is clear and short and thus partially understandable for
computers after text processing and an analysis.

Building a knowledge management system (KM), the users need and want to have
knowledge in a situation when solving a problem, without extensive searching in
organizational knowledge. In addition, the user does not have to know whether the
organization has some knowledge in the KM system for the current problem, and
when collaborating and sharing knowledge, it is necessary to know the current user
needs. For this reason the user’s current context must be detected. When storing
knowledge provided by a user, the context of this information or knowledge has to be
detected. The context of the user can be represented by the current user task/activity,
business process, and other related parameters. In most of internet oriented
businesses, email is considered as a primary medium for information exchange, and
email also plays a major role in an SME business process. According to statistics,
email is the second most used service of the internet after WWW. Therefore email can
be considered as a good medium for detection of the user context / problem, business
process, task, customer or other related data.

In the KM system it is important to answer the question “How can we best keep
knowledge dynamic, use it in action-oriented situations, and make it the backdrop for
creativity?” The answer is through e-mail, the quintessential Internet application.
Consider the following [2]:

e Any organization, without exception, will have an e-mail infrastructure
before it reaches the stage of developing an organizational memory (OM).

e E-mail communication in a modern organization is over 78% action-
oriented, according to a recent study [3]. Organizations must converge to
action, and communication is perhaps the foundation for most
organizational action [4].

e Managers, and knowledge workers of all kinds, interact with their e-mail
systems on a daily basis - it is a standard operating procedure. This means
that using email as the window into an organizational memory gives us
the smallest change in an organization’s daily activities.

e Managers are motivated to achieve successful communication. They want
their instructions to be understood and their answers to queries to be
effective.

When building a solution on top of email communication, an organization does not
have to change the way of doing its business, when such a solution is installed and set
up in the organization. Users simply receive emails in the same way as before, but
with attached relevant knowledge to the problem which the email represents.

Some work to connect knowledge with emails has been done in several projects
such as the kMail system [2] which integrates e-mail communication with
organizational memories, but also forces users to use a special email client and lacks a
closed knowledge cycle loop or another project Gmail', a new kind of webmail

1 http://gmail.com
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developed by Google, which shows content sensitive advertisements with the email or
offer some content sensitive actions such as adding events to calendar (see Figure 1).
By contrast to Gmail, this approach intends to connect emails with similar hints based
on organizational knowledge, which are linked to organizational resources and
systems.
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Fig. 1. Gmail webmail offers content sensitive actions and advertisements.

1.1 Objectives

The overall objective is to propose an adaptable platform for e-Collaboration and
knowledge sharing in an SME. In order to meet the needs arising from the motivation
just outlined, it will be necessary to provide:

e a continuously growing shared memory for the information, knowledge
and experience, which is provided to a user in a pro-active manner

e email processing for context acquisition and return of knowledge;

e Mechanisms for continuous update of the knowledge base, so as to ‘close
the loop’ in the cycle of knowledge generation and use.

2 Overview of the Approach

To find the innovative contribution the email processing system can give to e-

collaboration it is necessary to consider several points:

e collaboration of workers with different expertise in an SME, needs not only
tools to provide technical assistance to the networking job, but also a way to
share expertise;

e communication is therefore a crucial point in collaboration;

e communication among geographically dispersed groups can be achieved
through the use of email;
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e email is one of the most powerful conveyors of knowledge as found by the
COMMORG? project: impact of introduction, adoption and diffusion of
email communication on the evolution and change of organizations’
structures and processes;

The major innovative aspect of the system can be the introduction of a platform
for e-communication that allows communicating with other members of a group with
a common ontology and organizational memory thus allowing a smart and fast way of
collaborating together.

The aim is also to develop an active knowledge sharing system based on the
knowledge embodied in emails. It will thus be a form of Electronic Performance
Support System, but going much further by supporting a worker by bringing together
workers knowledge in an organization and enhancing their performance and
reactiveness through knowledge sharing.

The main innovations can be the following.

e The central role of emails. These are ubiquitous and strongly linked to
business processes, though their content is unstructured. The innovation lies
in tying email content to business context, so as to analyze and understand
the current context and relate it to knowledge in the organizational memory.

e Clustering of organizations. Most work on knowledge sharing has
concentrated on enabling it within single organizations. In such system, the
use of a shared cluster organizational memory will enable sharing across
members of the cluster. This raises challenges of modeling different views
on a common but distributed business process.

e A use of email enables to have an “active” knowledge sharing channel, since
a user does not have to search extensively for needed knowledge. Shared
knowledge is delivered within the email — the current problem/activity being
solved by the user.

A user can receive email with additional information (text attachments) at the end
or beginning of the email message. This information can contain relevant categories,
hints or links (similar as Gmail) to related cluster resources such as document
repositories, databases or information systems. It can also suggest the most
appropriate reply text for this email e.g. when replying to received order or problem
resolution. Furthermore some suggestions for a user concerning possible next
activities to be taken could be presented to the user.

Please note that text attachments are directly displayed in most of email clients
and they appear as part of an email message, however they do not change the email
message itself. Text attachments can appear as an addition which does not reduce user
overhead because users have to read such attachment to have information, but this
information should mainly provide links between relevant organizational resources. A
similar idea, with email annotation and hints, was used in the Pellucid IST project
with a different type of a hint presentation than intended in this paper. The real
challenge is to create simple tools which a regular user can use for updating a
knowledge model — hints, rules for matching hints, annotation patterns, similarity
matching etc.

2 www.commorg.net
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The potential of the proposed system is to boost knowledge management in and
among SMEs by providing a push oriented, pro-active solution reducing necessary
efforts for knowledge management and which can be customized in the same form for
different processes in one organization. The system can be innovative also by taking
advantage of the central role of emails linked to business processes, by enabling e-
collaboration and knowledge sharing in organizations, and by active and context-
sensitive delivery of shared knowledge.

Good results can be achieved by deep semantic analyses of emails, including
email data, standards, formats and attachments, as well as jointly analyzing email
headers and email bodies according to reference business models and organization
knowledge using semantics, and linking to organizational resources and systems.
These analyses can be supported by statistical analysis of messages. The results can
reflect a kind of experience, which extends knowledge step by step.

3 ACoMA System

Use of emails gives us possibility to provide knowledge in a context. Email serves
as context provider. By attaching organizational or task knowledge to email, we give
user possibility to access knowledge directly when needed. On Figure 2 we can see
architecture of the system as well as example of an email with attached knowledge in
form of notes with associated links to resources. Knowledge is provided in form of
HTML attachment inside of email message. The ACoMA tool is developed in scope
of Raport project®. More details on ACoMA can be found in [5]. ACOMA use also
EMBET tool [6] to get relevant knowledge from organizational memory.

& Urgencia Medved 2006 - Thunderbird _[O]x]
File Edt WYew Go Message Tooks Help
Email = Subject: UrgenciaMedved 2006

From: Nacelnil Py3

Date: 23 6. 2006 17:50
A To: Riadiaci cvifenia

Urgujem dodanie specifikacie cvicenia Medved 2006.

oM v

Organizational Email | Email
Memory Server [€—| Client

¢ ? T ¢ Specifikaciu cvicenia dodat do 2 dni.

5 pozdravom nacelnik.

EMBET ACoMA By Martin Seleng (20060623 1105.25) 0o
Experience l— Automated Content- == Formular pre specifikaciu cvicenia
Management based [— based Message Ey: Michal Laclavik (2006-06-21 1103:08) 0o
Annotator
Attachments: [8) v

Fig. 2. ACoMA Architecture and Email with attached knowledge.

8 http://raport.ui.sav.sk/
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4 Conclusion and Future Work

Knowledge sharing platforms and tools are mainly “passive” and provide static
knowledge sharing functionality. The possibility of “active” and *“pro-active”
intervention on communication channels, to provide real “interaction” with the
experience formation and use process, is not widely considered.

The paper proposes also an active e-Collaboration approach to support, and even
enable, SMEs to carry out their business overcoming geographical, technological and
organizational barriers. The direct intervention on communication channels — based
on e-mail message processing — is the distinguishing aspect, which addresses
knowledge extraction and discovery as well as proactive provision of support to users.
The generic e-Collaboration platform envisaged includes shared knowledge
representation, business services provision and e-mail analysis and processing to
extract knowledge and provide support in terms of annotation, information integration
and suggestions.

Three main barriers hampering ICT adoption by SMEs can be addressed by such
platform: economic, by delivering a lightweight platform able to interact with simple
networked environments (e-mail); shortage of skill, by addressing self-adaptive and
automatic organization knowledge base creation and maintenance; and cultural, by
integrating with normal ways of working.

We also present briefly ACOMA and EMBET system which are being developed in
this direction.
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Abstract. Speech communication interfaces (SCI) are nowadays widely used in
several domains. Automated spoken language human-computer interaction can
replace human-human interaction if needed. In this paper we describe
development of the first Slovak spoken language dialogue system. In this paper
we focus mainly on the information retrieval for the described system. The
dialogue system is based on the DARPA Communicator architecture. The
functionality of the SLDS is demonstrated and tested via two pilot applications,
»Weather forecast for Slovakia“ and ,, Timetable of Slovak Railways".

Key words: information system, dialogue system, Galaxy, speech recognition,
speech synthesis, html parsing, web wrapper

Introduction

Due to the progress in the technology of speech recognition and understanding, the
spoken language dialogue systems (SLDS) have emerged as a practical alternative for
the conversational computer interface. They are more effective than the Interactive
Voice Response (IVR) systems since they allow for more free and natural interaction.
In this paper we describe the development of the first SLDS which is able to interact
in the Slovak language. The system has been developed in the period from July 2003
to June 2006. The SLDS enables multi-user interaction in the Slovak language
through telecommunication networks to find information distributed in computer data
networks such as the Internet.

Contractors of the project are the Ministry of Education of the Slovak Republic and
the Technical University of KoSice. Collaborative organizations are the Institute of
Informatics, the Slovak Academy of Sciences Bratislava, the Slovak University of
Technology in Bratislava and the University of Zilina.

The paper is organized as follows. The first chapter gives a brief overview of the
system architecture. Information server and it structure is described in the second
chapter. Chapter three addresses two pilot applications.
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System architecture

The architecture of the developed system is based on the DARPA Communicator [1,
2]. Our system consists of the hub and six system modules: telephony module (Audio
server), automatic speech recognition (ASR) module, text-to-speech (TTS) module,
transport module, backend module (Information server) and module of dialogue
management. The communication among the dialogue manager, the Galaxy hub, and
the other system modules is represented schematically in Figure 1.

/ SLDS - Speech Language Dialog System
ASR Information
Telephone server x / server

netw ork
3 L
@;; ?& C:j Telephony C:>

B server
@?} \ ‘/\ x

TTS Dialogue VoiceXML J
\ server manager 5

Fig. 1. The architecture of the Galaxy/VoiceXML based spoken Slovak dialogue system

The telephony module connects the whole system to a telecommunication network. It
opens and closes telephone calls and transmits the speech data to/from the ASR/TTS
modules. The automatic speech recognition server performs the conversion of
incoming speech to a corresponding text. Context dependent HMM acoustic models
trained on SpeechDat-Sk and MobilDat-Sk speech databases [3, 4] and ATK/HTK
and Sphinx IV based speech recognition engines [5, 6] were used in this task. The
dialogue manager [7] controls the dialogue of the system with the user and performs
other specified tasks. The heart of the dialogue manager is the interpreter of
VoiceXML mark-up language. The information server connects the system to
information sources and retrieves information required by the user. The server of text-
to-speech (TTS) synthesis [8, 9] converts outgoing information in text form to speech,
which is more user-friendly.

We have designed the system to support ,,Windows-only” as well as mixed
Windows/Linux platform solutions.

Information server

Having analyzed various existing approaches of information retrieval from the web,
and the task to be carried out by the information server in our pilot applications, we
came to the decision that a simple retrieval technique, such as a rule based ad-hoc
application searching only several predefined web-servers with a relatively well
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known structure of pages is sufficient to fulfill the task. Selection of eligible web
servers was preceded by proper examination for stability and information reliability
during one month period.

The information server (backend server) is capable of retrieving the information
contained on the suitable web-pages according to the Dialogue Manager (DM)
requests, extracting and analyzing the desired data. If the data are taken for valid, it
returns them in the XML format to the DM. If the backend server fails to get valid
data from one web source, it switches to the second wrapper retrieving the
information from a different web-server.

The information server communicates with the HUB via the GALAXY interface. This
module accomplishes its own communication with HUB, receives input requests,
processes them and makes decisions to which web-wrapper (WW) the request should
be sent. Then it receives an answer and sends it back to the HUB.

JL IS -Backend
{ Integrator J

web
wrapper

web web web
wrapper| |wrapper| |wrapper
Internet

web web web web
source source source source

Fig. 2. Information server (Backend) architecture

Web wrapper architecture

The purpose of the web wrapper is to convert information implicitly stored as an
HTML document into information explicitly stored as a data-structure for further
processing. [10] The various components of our web wrapper and their interaction
within the information flow are presented in Figure 1.

The web-wrapper is responsible for the navigation through the web-server, data
extraction from the web-pages and their mapping onto a structured format (XML).
The wrapper is specially designed for one source of data; thus to combine data from
different sources, several wrappers are required.



54

The wrappers are designed to be as robust as possible against changes in the web-
page structure. Nevertheless, in the case of substantial changes in the web-page
design, the adaptation of the wrapper would probably be inevitable.

An automatic periodic download and cashing of the web-page content is performed to
speed up the system (to eliminate the influence of long reaction times of the web-
pages) and to assure robustness against drop-out while simultaneously keeping the
information as current as possible.

The server allows for extension with additional web-wrappers thus it is open for
future applications and services. The information on the wrappers currently accessible
is stored in the system configuration file.

-

QUERY XML

web wrapper

query and cache administration

Cache
Database

N\

web data retrieval

/

t Navigation [HTML| Extraction SDF Mapping
module module module

Extraction
rules

Mapping rules

Navigation
rules

Fig. 3. Web wrapper architecture

Pilot applications

Weather forecast service

Based on the available web sites www.meteo.sk and www.shmu.sk the proposed
telephone-based Weather Forecast Service enables to get weather forecast for about
80 Slovak district towns and the most popular tourist localities. Callers are able to
access continuously updated weather information simply by uttering the names of
cities or holiday localities and date.

It was necessary for every entity to define their keys or key words, i.e. main
obligatory items, which must be obtained from user (data necessary to query the
database and to obtain the information requested):

Place: District town or holiday locality

Date: relative date / accurate date
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Timetable of Slovak Railways

The second service running on our SLDS provides information about Slovak railways
timetable. Callers have direct access to the online timetable on webpage during this
service.

In the first step of the dialogue design we specified necessary items of domain
database. These items represent required information which needs to be obtained from
the user:

« Starting place: railway station in Slovakia

« Destination place: railway station in Slovakia

o Date: relative date (today, tomorrow etc.)/absolute date (“the twentieth of
December” etc.)

« Time: departure time (hour, minute)

Implementation of services

Both services are available at one access point, which is accessible from several
telephone numbers. One can try them by calling +421 55 602 2297 (T-com), +421
911 650 038 (T-Mobile), +421 918 717 491 (Orange).

At the beginning, the system provides an initial message, where it welcomes the user,
introduces itself and notices the user about the key words/expressions and its use.
Afterwards, user is prompted to choose one of the available services - Weather
forecast or Railway timetable. Then the dialog switches to the particular sub-dialog of
the selected service.

A typical dialogue between the user (U) and the system (S) looks as follows:

S: Welcome to the IRKR portal. Would you like to play the introduction?

U: No.

S: Choose one of the services: Weather forecast or Railway’s timetable.

U: Weather forecast

S: Please, name a city and assign a day, for which you want to get the weather
forecast.

U: Bratislava, tomorrow.

S: Did you say Bratislava, tomorrow?

U: Yes

S: The weather forecast for Bratislava for tomorrow is: sunny, 32 degrees
centigrade...

Notice: IRKR means ,,Inteligentné re¢ové komunikacné rozhranie®, which is a Slovak
expression for Intelligent Speech Communication Interface.

Conclusions

In this paper we have described the development of the first Slovak spoken language
dialogue system. Our main goal was to develop a dialogue system that will serve as a
starting platform for further research in the area of spoken Slovak engineering. The
work on this project was finished in the year 2006 [11]. We successfully combined up
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to date free resources with our own research into functional system that enables a
multi-user interaction through telephone in Slovak language to retrieve required
information from Internet resources. The functionality of the SLDS is demonstrated
and tested by means of two pilot applications, ,,Weather forecast for Slovakia“ and
»Timetable of Slovak Railways“. Applying new findings we continue in further
development and improvement of the system.
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Abstrakt. Funkcionalita mnohych autonémnych aplikacii, pracujicich v
redlnom prostredi, si vyZaduje vytvorenie Specidlnych postupov, ktoré ju
zabezpecuju v pripade zlyhania, ¢i uz programového, alebo hardverového
vybavenia. Tento prispevok poukazuje na moznost' vyuZzit' pri rieSeni tohto
problému generickd schopnost’ algoritmov umelych imunitnych systémov,
aplikovanych ako agentovy systém v procese odstrafiovania nezndmych a
neocakavanych  zlyhani sledovaného systému. Praca sa pokuSa zachovat
princip redundantnosti, ktory je zakladnym pristupom pri tvorbe zlyhaniu
odolavajlceho systému (fault-tolerant systems)

Kracové slova: Fault-tolerance, graceful degradation, artificial immune
systems, multi-agent systems

Uvod

Castou poZiadavkou na sUcastné aplikacie pouzivané v reéalnych
podmienkach je zabezpecenie funkcionality systému (hardvéru a softvéru) aj pocas
zlyhania. Za zlyhanie sa pritom povaZuje akakolvek skutocnost’, ktord znemozni
fungovanie systému. Tato praca sa zameriava na popis systému, ktory je uréeny
prevazne pre ochranu riadiacich algoritmov proti zlyhaniu hardverovych sdcasti
sledovaného systému, pricom porucha mbze byt spdsobena zmenou prostredia,
v ktorom zariadenie operuje, alebo poruchou na samotnom zariadeni.

Tvorba zlyhaniu odolavajtcich (fault-tolerance) vypoétovych zariadeni sa
datuje do pociatku samotného vzniku tychto zariadeni. Medzi prvé aplikacie postupov
zabrariujucich znefunkéneniu vypoctového systému mozno oznadit' pocitat SAPO
(SAmoginy PO¢itac), ktory vytvoril Antonin Svoboda (1907-1980). Konstrukéne bol
pocita¢ zaloZeny na rele a bubnovej paméti. Procesor vyuZzival metodu triplifikacie,
kde sa dana operéacia vykonala paralelne na troch jednotkach a za spravny vysledok sa
prehlasil ten, ktory sa vyskytol na najmenej dvoch jednotkach. Nasledoval vyznamny

* Popisovana metodoldgia bola vyvinuta za podpory VEGA 2/7101/27 a APVV LPP-0231-06
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rozvoj tejto oblasti ku, ktorému znaéne prispeli okrem inych AT&T (system ESS) a
NASA (Self-Testing-And Repair).

V sUcastnej dobe sa ¢oraz ¢astejSie objavuju prace, ktoré sa pomocou evolu¢nych
principov snazia vytvorit’ zlyhaniu odolne zariadenia [3, 6, 1], ale tak isto préace, ktoré
sa zaoberaji moznost'ou vytvorit' systém, ktory dokéZze generovat’ redundantnosti,
ktoré nasledne umoznia fungovanie celku aj pocas vplyvania chyby. Tato praca
zavadza do tejto problematiky, podobne ako [7, 5, 4], generickd shopnost’ algoritmov
umelej imunitnej odozvy .

Umele imunitné systémy

Umelé imunitné systémy sa pokuSaju rieSit’ niektoré paradigmy vypoctovych
systtmov na zéklade paralely medzi imunitnymi systémami Zivocichov
a vypoctovymi systémami. Existuje viacero definicii umelych imunitnych systémov,
avSak jednou z najvSeobecnejSich, a teda aj najpouzivanejSou je definicia Johna
Timmisa:

Umely imunitny systém je vypoctovy systém zaloZeny na metaforach
prirodzenych imunitnych systémov.

Jednd sa teda o pristupy, ktoré sa motivuju imunitnym systémom (prevazne
cicavcov) a snazia sa hladat’ similarit medzi teériou imunitnych systémov a rieSenymi
problémami, pripadne simulaciou biologickych procesov za G¢elom Stddia.

Zé&kladné modely a algoritmy umelej imunitnej odozvy:

Model kostnej drene

Model tymusu

Algoritmus klonalnej selekcie
Model imunitnej siete
Alternativne pristupy

Tato praca si za funkény model zvolila predlohu algoritmu klonélnej slekcie.
Navrhovany agentovy systém simuluje funkcionalitu aktivacie B-imunitnych buniek
cicavcov. Algoritmus, ktory uskutoénuje tdto simulaciu (simulacia kolonalnej
selekcie) sa nazyva Clonalg [2]. Jedna sa o jeden zo zékladnych algoritmov umelej
imunitnej odozvy. Jeho zékladna Struktira sa da zhrndt’ do nasledujucich bodov:

1. Nahodna inicializacia populdcie individui M.

2. Zistenie afinity medzi prvkom P a kazdym jedincom populacie M .

3. Vyber nl jedincov z populdcie M, ktorych afinita je najvysSia, generovanie
képii z tychto jedincov, pricom pocet generovanych képii je zavisly na miere
afinity jednotlivca z populdcie a prvku P.

4. Mutécia vSetkych koépii s pravdepodobnostou mutacie zavislej od miery
afinity prvku P a jedincom z populécie.

5. Pridanie tychto klonov do populdcie M a nasledny vyber n2 individui z tejto
populécie a uchovanie ich ako pamét’ systému.
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Opakovaniu bodov 2 az 5 pokial nie je splnené poZadované kritérium.

Agentovy systém

Agentovy systém je zaloZeny na reaktivnych agentoch. Komunikacia medzi
jednotlivymi agentamy je realizovana nepriamo cez prostredie. Rovnakym spdsobom
prebieha hlavnd komunikacia, aj medzi bunkami imunitného systému. V désledku
unifikacie prostredia bol zavedeny agent, ktory zabezpecuje normalizéciu prostredia
na pozadované hodnoty. Tento agent tak isto prijima jednotlivé komunikacné spravy

a cyklicky ich rozposiela vSetkym agentom, teda simuluje prostredie, v ktorom sa
vSetky agenty nachadzaju.

Korektor
Korektor
N
Selektor Generator
\ 2
Korektor Prostredie Monitor

>

1 , — Sledovany systém U

v

Obr. 1. Navrhovany agentovy systém.
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Pokial agent monitor spozoruje zmenu chovania sledovaného systému, vysle do
prostredia spravu o tejto zmene. Na zéklade tejto zmeny selektor hladd v pamati
systému odpovedajuci korekény ¢len v podobe agenta korektora. Ak bol najdeny,
vykona sa ndhrada. V pripade, Ze v pamati systému sa nenachadza potrebny korektor,
generator sa pomocou principov klonélnej selekcie pokusi vygenerovat’ vhodny
korektor. Ak vyhovuje poZiadavkédm, je zaradeny do riadenia a uloZeny do pamate
systému.

Zhodnotenie

Popisovany systém sa pokusa najst’ rieSenie v situaciach, kedy by iné konven¢né
met6dy riadenia neboli schopne bez z&sahu ¢loveka pokracovat’ v ¢innosti. Avsak je
nutna podotkn(t, Ze popisany pristup nezarucuje najedenie rieSenia za kazdej situacie,
a tak isto najdené rieSenie nemusi byt nutne optimalne. Preto v d’alSom vyvoji tohto
satému je nutné sa zamerat’ na interaktivnu evollciu, ktord umozni v pripadoch, kde
je to dostupné, zasiahnut’ obsluhe a usmernit’ vyber pri hadani rieSenia.
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Abstract. The Semantic Web is a vision for the future of the Web in
which information is given explicit meaning, making it easier for ma-
chines to automatically process and integrate information available on
the Web. Semantic Web will build on the well known Semantic Web
language stack, part of which is the Web Ontology Language (OWL).
Python is an interpreted, object-oriented, extensible programming lan-
guage, which provides an excellent combination of clarity and versatility.
The deep integration of both languages is one of the novel approaches
for enabling free and interoperable data [1].

In this article we present a metaclass-based implementation of the deep
integration ideas. The implementation is an early Python prototype sup-
porting in-line class and properties declaration, instance creation and
simple triple-based queries. The implementation is backed up by a well
known OWL-DL reasoner Pellet [3]. The integration of the Python and
OWL-DL through meta-class programming provides a unique approach,
which can be implemented with any metaclass enabled scripting lan-
guage.

1 Introduction

The deep integration of scripting languages and Semantic Web has introduced
an idea of importing the ontologies directly into the programming context so
that its classes are usable alongside classes defined normally. This can provide a
more natural mapping of OWL-DL than classic APIs, reflecting the set-theoretic
semantics of OWL-DL, while preserving the access to the classic Python objects.
Such integration also encourages separation of concerns among declarative and
procedural and encourages a new wave of programming, where problems can be
defined by using description logics [8] and manipulated by dynamic scripting
languages [1]. The approach represents a unification, that allows both languages
to be conveniently used for different subproblems in the software-engineering
environment.

* Acknowledgments: The research reported in this paper has been partially financed by
the EU within the project IST-2004-511385 K-W{Grid and Slovak national projects,
NAZOU SPVV 1025/2004, RAPORT APVT-51-024604, VEGA 2/6103/6, VEGA
2/7098/27.
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In this article we would like to introduce an early prototype, which imple-
ments some of the ideas of the deep integration in Python language [6]. It sup-
ports in-line declaration of OWL classes and properties, instance creation and
simple triple-based queries [2]. We will emphasize the notion of modeling in-
tensional sets (i-sets) through metaclasses. We will also discuss the possible
drawbacks of the approach and the current implementation.

2 Intensional Sets and Metaclasses

Intensional sets as introduced in [1] are sets that are described with OWL DL’s
construct and according to this description, encompass all fitting instances. A
sample intensional set can be defined by using Notation3 (N3) [10] as, e.g. ”:Per-
son a owl:Class; rdfs:subClassOf :Mortal”. This simply states that Person is also
a Mortal. Assuming we introduce two instances, e.g. ”:John a :Person and :Jane
a :Mortal”, the instances of Mortal are both John and Jane. Please note, that
N3 is used only for demonstration purposes, the current implementation can also
support NTriples and RDF/XML.

Terminology-wise, a metaclass is simply ”the class of a class”. Any class
whose instances are themselves classes, is a metaclass. A metaclass-based imple-
mentation of the intensional sets is based on the core metaclass Thing, whose
constructor accepts two main attributes, i.e. default namespace and N3 descrip-
tion of the i-set. The instance of the metaclass is then a mapping of the OWL
class to the intensional set. Following the above example class Person can be
created with a Python construct:

Person = Thing(’Person’, (),
{defined_by: ’a owl:Class; rdfs:subClassOf :Mortal’,\
namespace: ’http://samplens.org/test#’})

This creates a Python class representing the intensional set for Person and its
namespace. In the background it also updates the knowledge base with the new
assertion. The individual John can then be instantiated simply by calling John =
Person(). This statement calls the default constructor of the class Person, which
provides support for asserting new OWL individual into the knowledge base.
A similar metaclass is used for the OWL property except that it can not be
instantiated. The constructor is used here for different purpose, i.e. to create a
relation between classes or individuals. The notion of importing the ontology into
the Python’s namespace is then a matter of decomposing the ontology into the
groups of intensional sets, generating Python classes for these sets and creating
the instances.

This kind of programming is also called metaclass programming and can pro-
vide a transparent way how to generate new OWL classes and properties. Since
metaclasses act like regular classes it is possible to extend their functionality by
inheriting from the base metaclass. It is also simple to hide the complex tasks
needed for accessing the knowledge base, reasoner and processing the mappings
between OWL-DL’s concepts and their respective Python counterparts.
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3 Implementation and Drawbacks

One of the main drawbacks of the current implementation is the fact, that it
doesn’t support open world semantics (OWA)!. Although the reasoner in the
current implementation can perform OWA reasoning and thus it is possible to
correctly answer queries, the Python’s semantics are based on the boolean values.
One of the possibilities is to use epistemic operator as suggested in [1], however
this is yet to be implemented. Another problem when dealing with ontologies
are namespaces. In the current prototype we have added a set of namespaces
that constitute the corresponding OWL class or property description as an at-
tribute of the Python’s class. This attribute can then be used to generate the
headers for the N3 description. This approach needs further extension to support
management of different ontologies. One of the possibilities would be to re-use
Python’s module namespace by introducing a core ontology class. This ontology
class would serve as a default namespace handler as well as a common importing
point for the ontology classes.

The other drawback of the approach is the performance of the reasoner, which
is due to the nature of the JPype implementation (the conversions between
virtual machines imposes rather large performance bottlenecks). This can be
solved by extending the support for other Python to Java APIs and possible
implementation of specialized client-server protocols.

4 Related Work

To our best knowledge there is currently no python implementation of the deep
integration ideas. However there are similar projects written in other languages
such as ActiveRDF and PHPHomepage [18, 19]

Since Java is a frame language its notion of polymorphism is very different
than in RDF/OWL. This is usually solved by incorporating design patterns,
which make the APIs quite complex and sometimes difficult to use. The dynamic
nature of the scripting languages can support OWL/RDF level of polymorphism
and thus it is possible to directly expose the OWL structures as Python classes
without any API interfaces. One of the interesting Java projects, which tries to
automatically map OWL ontologies into Java through Java Beans is based on
the ideas shown in [15]. This approach tries to find a way how to directly map
the ontologies to the hierarchy of the Java classes and interfaces.

There is quite a number of python libraries supporting RDF and OWL such as
cwm, pychinko and rdflib [11,12,20]. Among the existing Python libraries, which
support RDF and OWL, the most interesting in terms of partial integration are
Sparta and Tramp, which bind RDF graph nodes to Python objects and RDF
arcs to attributes of such objects [17,4]. The projects however doesn’t clearly
address the OWL and are mainly considered with RDF. It is thus difficult to
evaluate what is the level of support for the inferred OWL models.

' A prototype implementation is available under MIT license at: http://seth-
scripting.sourceforge.net
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5 Conclusion

We have described a metaclass-based prototype implementation of the deep inte-
gration ideas. We have discussed the advantages and shortcomings of the current
implementation. We would like to note, that this a work in progress, which is
constantly changing and this is just a report of the current status. At the time
of writing authors are setting up an open source project, which will host the
implementation of the ideas presented. There are many other open questions,
that we haven’t covered here including integration of query languages (possi-
bility to re-use ideas from native queries [16]); serialization of the ontologies;
representation of rules, concrete domains, etc. We hope that having an initial
implementation is a good start and that its continuation will contribute to the
success of the deep integration of the scripting and Semantic Web.
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Abstract. By “Semantic Organization” or “Semantic Enterprise” we understand
applying semantic web ideas & technologies in organizations. Semantic web
research brought new ideas and promising results. However results and
applications are still far from original objectives. We believe that one of the
reasons is problem of upper level ontologies and ontology translation and
matching. While in semantic web it is extremely important to solve such
problem, in organizational level we can use domain or application specific
semantic description with better success. We believe that organizational
applications such as knowledge management, semantic based information
processing, semantic based workflow and services can be successfully applied
in organizations. In this article we discuss such Semantic Enterprise Vision and
provide some examples of related research in the Institute of Informatics SAS
in this area.

1 Introduction

Semantic Enterprise or Organization as explained in our paper is not mentioned in
many resources, however many researcher are aware of possible success of semantic
web research and technologies in organizational context. Semantic organization can
be understood as availability of information and knowledge as understood in
Knowledge Management [1]. Term “Semantic Enterprise” or “Semantic
Organization” is mentioned only in several sources in this context [2] or as a way of
enterprise integration [3] or also as a way for enterprise information portal [4].

Organizations need to manage information and knowledge and make it available
for its employees in pro active way. We discuss this problem in the second chapter.
Organization needs also to offer its product and services, manage resources needed or
providing of services and product and manage workflows in organization as well as
intra organization workflows, which is related to intelligent semantic information
search or knowledge supported workflows and services as in semantic service
oriented architectures which we discuss in 3" chapter.

* This work is supported by projects K-Wf Grid EU RTD IST FP6-511385, NAZOU SPVV
1025/2004, RAPORT APVT-51-024604, VEGA 2/6103/6, VEGA 2/7098/27.
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2 Processing of Information for Knowledge Management

An area related to Knowledge Management or intelligent information search can
be understood as to get right information and knowledge in right context. So far most
of the systems allow searching information using full text search. The common
problem is information relevance and overload. Other search solutions exist, which
uses some semantic data and categories, however user has to actively search for the
information. In our work we focus on active knowledge provision where we have
created EMBET architecture [5, 16]. In EMBET we try to detect context from
computerized tasks and match information and knowledge from organizational
memory for such context. We identify 4 main problems which we believe need to be
solved in any active knowledge provision system:

e Information context detection

e User context detection

e Information versus user context matching
e Displaying the knowledge

It is clear that we solved these only very partially, but important is also to identify
the challenges. For information context detection we use semi-automatic ontology
based semantic annotation where we developed OnTeA tool [6], which semi
automatically annotates text or documents. For database data annotation we have also
developed RDB20nto tool [26]. Information and knowledge can be also annotated
manually. Other application specific tools such as KAA-WXA [7] or ACOMA [8] can
be used to provide information and knowledge with assigned context as well.
Common approach is also to use document classification or clustering. To identify
and extract important information in document we also use ExPoS tool [9] to process
HTML or text documents. For information processing and retrieval it is important to
use also solutions such as indexing and full text search, where we developed RFTS
tool [27] offering special functionalities supporting semantic annotation as well.

For user context detection, we use interface which listens for events relevant to
user environment. Here we developed event based model [10]. Such events can be
sent for example from workflow management systems as we have used in Pellucid
project [11], where workflow management system informed Pellucid about a user
activity or a process instance. Workflow systems notify the EMBET system similar
way in Raport [12] or K-Wf Grid projects [13]. In Raport project, we additionally
detect user context from user’s electronic communication [8].

Even when we correctly detect user and information knowledge, there is problem
with context matching. So far we have used and created several simple context
matching algorithms such as: matching based on context subset or superset; similarity
based context matching based on weights or concrete implementation [14]; ontology
concepts similarity [15]; or some combinations of previous. Some new ideas we also
introduced in [16], which are based on intersection of user and knowledge context.

When needed information and knowledge is identified we have to display it to the
user. In most of the cases we have used web based interfaces based on XSL [5, 14],
but we have identified other possibilities such as graph or tree based visualization [17]
as well. Personalization and knowledge navigation [18] plays important role and
should not be overcome. Important is not only visual aspect but also the way of using
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knowledge based user interface. We found quite interesting displaying information
and knowledge in email messages [8].

2.1 Organizational Memories

In order to manage and store semantic information & knowledge we need to create
organizational memories. Several solutions are available such as Jena!, Sesame? or
KAONS3, however each application requires different approach [19, 20]. We also focus
on problem of distributed knowledge bases [21].

3 Semantic based Workflows and Services

Workflow processes are adopted in most of organizations. In some organizations,
processes are supported by Workflow Management Systems. Computerized workflow
processes can provide important part of user context in which relevant information
and knowledge can be provided. Workflow processes can support basic
administration processes [12, 22] but can be also applied on workflow of services or
web services [23]. Information & knowledge can be provided to user or can help
execute workflows automatically by supporting such workflow and services with
semantic information [24, 25, 7]. Many organizations can provide their product and
services via web services. Semantic based web services and Service Oriented
Architectures is becoming popular research field due to organization and internet
evolution and interest.

4 Conclusions and Future Work

In this paper we briefly touch vision of Semantic Enterprise or Semantic
Organization and explain how our research is related to this vision. We identify some
of challenges in such research and try to describe our position and our related
research. We describe briefly tools and systems* designed and developed at Institute
of Informatics SAS and gave a list of references to related publications. Many of
mentioned tools are presented in other articles of these proceedings as well.
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Abstract. In this article we propose the Semantic-based Groupware System
(GWS) for SAKE project. SAKE (Semantic Agile Knowledge-based E-
government) is a STREP Project sponsored by the European Union starting
March in 2006. The overall objective of SAKE is to specify, develop and
deploy a holistic framework and supporting tools for an agile knowledge-based
e-government that will be sufficiently flexible to adapt to changing and diverse
environments and needs. We give a brief overview of the SAKE semantic-
based GWS which will be provided by us in the project.

Keywords: semantic-based groupware system, e-government, agile knowledge
management

1 Introduction

Existing approaches for knowledge management in e-government focus mainly on the
efficient management of a particular, isolated knowledge resource and on supporting
only message-based communication between public administrators. However, the
demands for knowledge-based e-government are much higher:

- First, the existing approaches do not take into account the increased granularity
of informational resources and the manifold semantic

- Second, due to complexity of the decision making processes, effective knowledge
management requires the creation of a supportive, collaborative culture while
eliminating traditional rivalries.

- Third, the usage of existing knowledge resources is indeed a valid aspiration, but
for realizing a learning e-government, the crucial is creation of new knowledge.

- Finally, ad hoc management of the changes in e-government systems might work
in the short term, but to avoid unnecessary complexity and failures in the long
run, management must be done in a systematic way.

Whole SAKE approach will provide tools and methodologies to address these

problems. In this article we will concentrate on semantic-based groupware system.
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2 Semantic-based Groupware System

Semantic-based Groupware system supports more efficient knowledge sharing by

developing:

- methods and tools for ontology-based tagging the interaction between public

administrators;

- methods and tools for enabling building community of practice from interaction log
and their specific vocabularies by social tagging;

- methods and tools for collaborative knowledge creation methods and tools for
pushing of knowledge and for searching for experts.
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Fig. 1. Semantic-based Groupware System in SAKE

Figure 1 shows basic components of semantic GWS, it consists of four modules, with

the following responsibilities:

Group and workspace management

e Creates new groups according to given processes/activities
e Changes groups during their lifetime according to the changes in the PA

profiles

e Extract knowledge from failure of communication (metadata logging)

Communication tools

e Set of tools enabling users to communicate in needed form
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Communication analysis tool

e Extract knowledge from successful communication (metadata logging)
Public administrator profile management

e PA profiles in form of concepts from PA ontology

e Helps to find proper PA for a business context/activity

3 Conclusion

The importance of supporting better management of continually changing knowledge
is nowadays more important due to the evolution of Europe towards a multicultural,
more open and international society with changing common values, increasing levels
of education, demographic involvement and adoption of new technologies (EU report,
2004). This is especially true for the New Member States and Candidate Countries,
since European integration has paved the way for new legislation, regulations and
corresponding changes that affect the way Public Administrations in the Enlarge
Europe are organized and operate.

SAKE (Semantic Agile Knowledge-based E-government) is a STREP Project
sponsored by the European Union starting March in 2006. The overall objective of
SAKE is to specify, develop and deploy a holistic framework and supporting tools for
an agile knowledge-based e-government that will be sufficiently flexible to adapt to
changing and diverse environments and needs. Indeed, it will provide an innovative
framework, supported by an integrated platform, for realizing agile knowledge-based
e-government system, based on semantic technologies. In this article we proposed the
Semantic-based Groupware System (GWS) for SAKE platform, which will be
provided by us in the project.
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Abstract. For the services providing applications in e-Government the
orchestration model where both electronic services and "traditional” services
provided by the public administration offices can be combined to the hybrid
complex scenario. The proposed scenario process model will specify additional
high level structure for processes and will extend the WSMO orchestration to
guide citizens to achieve specific goals and to coordinate activities performed
by citizen, traditional public administration services and web services.
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1 Introduction

The current proposal for WSMO orchestration model is intended for automatic
orchestration of Web services and cannot be used directly in the context of e-
Government. Today, situation in the e-Government requires the orchestration model
where both electronic services and "traditional” services provided by the public
administration offices can be combined to the hybrid complex scenario. The
following sections will describe current proposal for the WSMO orchestration and
choreography based on the Abstract State Machines and extended model based on the
workflow process modelling which will provide support for generic hybrid scenarios.

2 WSMO orchestration and choreography

A WSMO choreography description consists of the states represented by ontology,
and the if-then rules that specify (guarded) transitions between states. The ontology
that represents the states provides the vocabulary of the transition rules and contains
the set of instances that change their values from one state to the other. The concepts
of an ontology used for representing a state may have specified the grounding
mechanism which binds service description to the concrete message specification
(e.g. WSDL).Like for the choreography; an orchestration description consists of the
states and guarded transitions. In extension to the choreography, in an orchestration
can also appear transition rules that have as postcondition the invocation of a mediator
that links the orchestration with the choreography of a required web service.
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3 Workflow based WSMO orchestration

The proposed scenario process model will specify additional high level structure for
processes and will extend the WSMO orchestration to achieve the following
requirements:
a) guide citizens to achieve specific goals and to
b) coordinate activities performed by all actors - citizen, traditional public
administration services and web services.

Proposed scenario process model distinguishes between atomic, abstract, and
composite activities. Atomic activities can be invoked, have no sub-activities, and are
executed in a single step from the requester's point of view. The abstract activities are
specified as sub-goals used as elements of abstraction, they are viewed as executed in
a single step, but they are not invocable. Abstract activities are resolved to the atomic
activities in the composition phase or during the execution phase. Composite
activities consist of the simple activities and define their workflows using control
constructs, such a sequence, flow, if-then-else or iterate. Specification of the
composite activity includes its data flow and variable bindings which will specify
how its inputs are accepted by particular sub-activities, and how its various outputs
are produced by particular sub-activities.

Important aspect in our design will be the support for activities assigned to the
human actors (i.e. citizens, officers etc.). Human activities are typically associated
with the "traditional” services but can be used to model citizen activities which are
related to a specific life event but are out of the scope of the public administration
services.

Besides supporting the described activity types, the following facilities were
identified as useful for a process model to provide support for modelling orchestrated
scenarios:

e the proposed model should support common workflow and dataflow
patterns [2]
e compatibility with the proposed standard workflow modelling languages
(i.e. WS-BPEL), which will allow to reuse existing workflow models for
modelling of the semantic services
e compatibility with the standard process modelling notation (i.e. BPMN or
UML) in order to visualize scenarios to the users and to use standard tools
for modelling,
Acknowledgments. The work presented in the paper is supported by the EC within
the FP6-2004-27020 Project “Access to e-Government Services Employing Semantic
Technologies”
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Znalostmi Fizeny priuchod kurzem

Zdenék Velart!, Petr Saloun?, and Markéta Kalinska!

! Katedra informatiky, FEI, VSB-TU Ostrava
{zdenek.velart.fei, marketa.kalinska.fei}@vsb.cz
2 Katedra informatiky a pocitacti, P¥F Ostravska univerzita v Ostravé
petr.saloun@osu.cz

Abstrakt Tradi¢ni sekvencéni model usporéddani kurzu nemusi vyhovo-
vat kazdému. Jednou z moznosti, jak toto omezeni obejit je vyuziti adap-
tivnich hypermédii a personalizovat navigaci a predkladany material.
Rozsifenim této idee o slovnik pojmu odpovidajici znalostem definova-
nym v konceptech je mozné definovat navigaci v kurzu pomoci znalosti a
prerekvizit jednotlivych koncepti. Dulezitou soucasti systému, ktery by
takovyto forméat kurzu realizoval je logovani a to z divodu adaptace ale
také z diivodu tpravy slovniku pojmi, znalosti a prerekvizit na zakladé
vyhodnoceného prichodu studentti.

Tradi¢ni model uspoféadani kurzu je zaloZen na sekvencéni prezentaci infor-
mace studentovi, takovym zpisobem, jak autor kurzu zamyslel. Toto uspora-
dani vSak nemusi vyhovovat kazdému, pfedevsim studenttim, ktefi dany kurz jiz
nedspésné absolvovali a opakuji jej nebo také studenttim se znalostmi prekryva-
jicimi se z jiného kurzu, napt. v oblasti programovani zakladni fidici struktury
jsou velmi podobné pro jazyky Java a C++.

Jednim ze zptusobu jak obejit toto omezeni je vyuziti metod a technik defi-
novanych v oblasti nazyvané adaptivni hypermédia a personalizovat navigaci a
predkladany material konkrétnim studentim napiiklad podle dosazené tirovné
a rozsahu znalosti.

Tato idea personalizace pomoci adaptivnich hypermédii mize byt déle roz-
§ifena vytvorenim slovniku pojmt odpovidajici znalostem definovanym v kon-
ceptech. Koncept (stranka, ¢ast stranky) pak bude definovat nebo vyuzivat kon-
krétni pojmy a jejich zpracovani v ramci celého kurzu umozni vytvorit uspota-
déni konceptt podle definovanych a pouzivanych pojmu (znalosti a prerekvizity).
Takto usporaddané koncepty pak budou nabidnuty studentim jako alternativni
pruchody kurzem.

V souvislosti s pfedchozimi tivahami se zac¢iname zabyvat moznosti nevy-
chazet pouze ze sekvencniho uspotradani kurzu a zalozit pruchod kurzem pomoci
snad vhodnéjsiho a lépe adaptovatelného pristupu. Odpovéd na tuto otdzku neni
jednoznac¢nié a tento text se bude snazit alespon ¢astecné na ni odpovédét a i na
seminari budeme v diskuzi hledat odpovéed.

S potiebou definovat kurz, ne pomoci sekvenéniho usporadani jednotlivych
konceptt, ale pomoci vazeb mezi prerekvizitami a novou informaci popisujici
prislusny koncept vyvstava otazka jakym zptisobem je mozné tyto pojmy pro
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jednotlivé koncepty manualné ¢i automatizované definovat. Sekvenéni, autorem
vytvorené poradi koncepti, bude zdkladem pro automatizovanou tvorbu slov-
niku pojmi. Océekdvame, Ze srovnanim mnozin pojmi mezi koncepty s vyuzitim
puvodniho sekvenéniho potfadi konceptii vznikne netplné usporadani konceptii
z pohledu slovniku pojmi. Toto uspofadani ukdze mozné vstupni/startovni body
pro trovné znalosti dosazené v jinych kurzech nebo pro jiné poradi priichodu
koncepty nez bylo autorem ptvodné zamysleno. Napfiklad v kurzu C++ vecelku
tradi¢ni ¢elni umisténi aritmetickych vyrazi a zakladnich matematickych operaci
muze byt nahrazeno nezavisle rozvijenou vétvi zacinajici napiiklad manipulaci
s Fetézci ¢i znaky. Tento novy pohled na obsah kurzu bude zajimavy z pohledu
tvirce mapy pojmu i pro autora obsahu kurzu. Doufame zejména Ze vysledek
bude zajimavy pro cilovou skupinu uzivatel, tedy pro studenty. V oblasti, kte-
rou se zabyvame — vyuka programovani — je toto mozné pomoci nasledujiciho
zpusobu.

Existujici koncepty a také ukdzkové priklady zdrojového textu asociované
s konkrétnimi koncepty se automatizované zpracuji pomoci nastroje, ktery bude
vyhledavat v textu vyskyt klicovych slov jazyka a dalsich pojmu, které navic
autor kurzu manuélné dodefinoval jako klicova slova kurzu. Ziskanou mnozinu
pojmiu z jednoho konceptu je nutné upravit a to rozdélenim na dvé skupiny,
kde jedna reprezentuje prerekvizity a druha predstavuje znalosti naucené z to-
hoto konceptu, které zarovenn mohou predstavovat prerekvizity jiného konceptu.
Timto zpusobem se vytvoii, za pfispéni autora kurzu, graf kurzu zaloZeny na
prerekvizitach a znalostech.

Navic by autor ke kazdému takto rozsifenému konceptu mél prifadit hodnotu,
urcujici troven znalosti ziskanych naucenim se prislusného ucebniho materialu.
Definovanim tohoto atributu autor kurzu mutze uréit, jakd troven naucéenych
znalosti mé odpovidat vysledné znamce z kurzu. Dava tim také moznost studen-
tim na zacatku kurzu si uréit jakou vyslednou zndmku z kurzu by radi ziskali
a tim i jaké mnoZstvi informace se chté&ji naucit, ¢imZ by se i na zékladé tohoto
nastaveni pfizpusobovalo zobrazované menu jednotlivym studentim. Volba vy-
sledné znamky vSak nesmi fungovat jako omezeni, ale spiSe jako doporuceni,
ktery materidl je nutné znat na danou uroven.

Velmi dilezitou soucasti systému, ve kterém by byl takovyto kurz realizovan
je logovéni. A to jednak z divodu aktualniho pfizplisobovani se studentovi a
jeho potfebam, ale také z diivodu zpétného vyhodnoceni vSech nasbiranych in-
formaci o studentech a jejich prichodem kurzem. Tyto logovana data pak mohou
byt po patficném vyhodnoceni vyuzity k opravé dosavadniho usporadani kon-
ceptl, pokud bude zjisténo, ze néktery z koncepti je vétsi skupinou studenti
naprosto opomijen, a tudiz je jeho vyskyt v pruchodu nadbytecny, nebo Ze po
jeho navstiveni studenti prechazeli na stranku s konceptem, jez nebyl pro dany
pruchod doporucen a tudiz by mél byt do tohoto prichodu kurzem zarazen.

Pfinosem tohoto feSeni je personalizace (skupinova ¢i individudlni) pro stu-
denty pFichézejici z pfibuznych kurzii (tzn. kurz, jejichz prinik znalosti je ne-
prazdny, napiiklad kurz programovani C++ a kurz programovani v Javé), kde
si studenti sami definuji znalosti, které jiz ovldadaji nebo pomoci mapovani mezi
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metadaty jednotlivych kurzi budou tyto znalosti uréeny. Nasledné jiz studen-
tim nemusi byt predkladan cely kurz, ale jen takové koncepty, které jim pfinesou
néjaké nové informace nebo znalosti.
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Abstract. The paper deals with the development of the ontology-based
knowledge management system for organization of the military training. Model
goes out from a detail analysis of the workflow processes associated with the
military exercise preparation.

Keywords: military training, military exercise preparation model, workflow
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1 Introduction

The ontology based knowledge management system [1] is developed as a pilot
application for organization of military exercise preparation at Centrum of Simulation
Technologies, National Academy of Defense, Liptovsky Mikulas, Slovakia (CST
NAQ). CST NAO organizes and performs the training and education of officers for
headquarters’ staffs and commanders. On the basis of assigned tasks, CST staff
realizes the needed activities and account for the exercise organization which
nowadays is realized manually using office software.

2 Model of military exercise preparation description

Process of military exercise preparation can be divided into three parts (Fig.1).
There is an exercise preparation, exercise execution and exercise evaluation [3].

The most important for the system development is first part. During this part the
work meetings of employees of CST and officers of Slovak army are performed. The
aim of the work meeting is to determine the content, topics, tasks and targets of
military exercise. There are prepared a lot of documents as the scenarios of military
exercise, simulation and technical plans, choice of localities for military actions by
digital maps of terrain, etc.

* This work was supported by Slovak Science and Techn. Assist. Agency under the contract
No. APVT-51-024604 and Slovak Science Agency VEGA No. 2/7098/27
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Second part is exercise execution. The officers of headquarters staffs and military
groups, which take part in military training process, take place in CST. Theirs role is
to solve the determined targets of military exercise, learn to use the needed
documents, react on arise military situations, etc. Exercise performs by computer
simulation software, which simulates military actions of officers, military groups and
military techniques during simulated computer fight under virtual reality.

Third part is exercise evaluation after realization of military fight training
activities. There are evaluated the activities of each commander and group during
simulated fight and at the same time is evaluated exercise preparation by CST, too.
The documents and information about exercise preparation is archived.

The employees of CST participate especially on first part (mainly exercise
planning) and marginally on second part (exercise execution) and on third part
(exercise evaluation) of military exercise process. Officers of Slovak army are
responsible for military exercise preparation, execution and exercise evaluation from
point of military fight activities.

During of the military exercise planning process it is needed to perform large
amount of work for preparation of exercise requirements, collection of documents (so
called Exercise Directives) and needed tasks for every employee of CST under
consideration actual situation in personally staff of CST. This documents and control
flow will be used for representation, modeling and evaluation of CST activities and at
the same time it can be used also for verification of the preparation of CST for
planned activities (Fig.2).

However, CST organizes several overlapping military exercises during a training
year which complicate the organization of each exercise preparation. Thus,
overlapping of information about the organization of individual exercises can occur,
and this results in further difficulties. There are in general problems with information
management, knowledge management and time management, which can be solved.

(~ Exercise preparation- — — — — — — — -~ Exercise execution Exercise evaluation
I
| 0
| D i
I
I
I
N e e e e o
Exercise outline Exercise planning

Fig. 1 Organization of a military training in CST NAO LM

Above mentioned military exercise preparation was analyzed and its model was
proposed. In this model the data flow, process flow, organization, communication and
personnel structure was considered.
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The organization changes in modeled military exercise preparation may cause time
delays and increase the risk of losing information, which is needed for qualified
management. The knowledge system offers solution for such situations and enables
simplify the exercise organization for employees of CST [2,4]. In the case of changes
of conditions from reason of absence of employees, or arrival of new employees, etc.,
the knowledge system can minimize the time consuming and the risk of information
loss. Utilization of knowledge system prevents mistakes in realization of exercise
preparation from point of planning of needed activities, documents preparation, etc.
The contribution of the knowledge system in CST task organization is to define the
field of activity and relations between employees of CST so as after whatever change
were possible, without more serious time loss, verify all needed activities and
continue in given activity without detriment of complexity, competence and
qualification.

(—Exercise planning—————————— - —Exercise Directive documents——
Exercise
outline

B Exercise Specification

@ @ Exercise Tasks
Exercise Control Plan

S B Strategy Plan

planning

@ @ Enemy Activity Plan

@ Simulation Control Plan
@ Technical Control Plan

Exercise
execution

SW support- Technical support @
B Action Review
w7 =
evaluation
w

AN .
speciaists | | Theothers unisof A Exercise Support Plan

Fig. 2 Organization of a military exercise preparation in CST NAO LM

The structure of the knowledge system is designed in the generic way that can
work for arbitrary administration process. It also takes care about administrative
processes in CST. The system architecture comes from the following requirements as
collect experience from users and present useful experience to other users that works
in the same or similar work context; keep an eye on current training plans that contain
of important deadlines, alarm users about that; prepare for users at deadlines
necessary information such as predefined emails, documents, formulas and let users
know about that and support user’s experience exchange and collaboration.

Based upon these requirements the personal, communication, function, data and
process model of workflow management system was developed (Fig.3) [1, 3, 5].
Important background of the system design is its ontology, which defines structure
and relationships among experience entities. Ontology is the main mechanism used
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for the representation of information and knowledge, definition of the meaning of the
terms used in the content language and the relation among these terms.

Function
Model

Communic.
Model

Personnel
Model

Ontology — Based
Knowledge Model

Data Model

Process
Model

Fig. 3 Model of military exercise preparation in CST NAO LM

.3 Conslusion

The approach of the knowledge management for the design of the system

architecture in the administrative process in army training centers is build based on
Slovak national project APVT-51-024604 [5].

References

Hluchy L., Budinska I., Balogh Z., Forga¢ R., Gatial E., Laclavik M., Mokri$ 1., Nguyen
G.: Modeling of Military Training Activities by Ontology-based Knowledge System. Proc.
of 6. Int. Conf. “Multimedia in Bussiness”, ISBN 83-7251-673-1, Kielce, Oct. 25- 27,
2006, pp. 192-198.

Laclavik, M., Gatial, E., Balogh, Z., Habala, O., Nguyen, G., Hluchy, L.: Experience
Management based on Text Notes (EMBET). In. Cunnigham “Innovation and the
Knowledge Economy: Issues, Applications, Case Studies”. Amsterdam, 10S Press, 2005.
ISBN 1-58603-563-0, pp. 261-268.

Mokri§, 1., Forgag, R.: Utilization of System Pellucid for Training Organization of Slovak
Officers in Military Academy at Liptovsky Mikulds. Proc. of Conf. ,Simulation
and Modeling in Slovak Army*, Liptovsky Mikula$, ISBN 80-8040-235-3, 2004, pp. 25-
31, (in Slovak).

Néavrat, P., Bielikovd, M.: Tools for Knowledge Acquisition, Organization and
Maintenance in the Environment of Heterogeneous Information Sources. Proc. of Znalosti
“6, Hradec Kralové, February 2006, pp. 237-242, (in Slovak).

Research and Development of a Knowledge Based System to Support Workflow
Management in Organizations with Administrative Processes (APVT-51-024604)
http://raport.ui.sav.sk.



In memory object server based application for railway
companies

Milos Budinsky

S| EMENS PSE
m | os. budi nsky @i enens. com

Abstract:n this paper it is briefly presented a Java based technique used in the
real time in memory system of an Intranet/Internet real time Client/Server
application for Railway companies. It belongs to the product family of Siemens
PSE Austria called ROMAN (ROute MANagement), see (1, 2)

1 Application Domain

iRoman is intended for Railway companies mainly for short term train planning
and/or train dispatching including train conflict detection and resolving in real time. It
is a hot candidate to become a common basis of 3 new members of ROMAN applica-
tions family:
ROMAN Solver (Dispatching & Conflict Resolution)
ROMAN Cross Border (Cooperative Planning)
ROMAN Anywhere (Web Timetable Editor)

“Anywhere’ is aready sold to Italian and Austrian railways. “Solver” is currently
being prepared for Tunisian railways.

2 Architecture

The technique is based on an in memory object server with a graph of objects pre-
linked during the server startup after all data is loaded into the operation memory.
(See Fig 2, on theright)
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This high performance in memory server uses a Track-Topology-Graph as a specia
distributed container keeping other business objects (like trains, runtime tables, design
aress, etc.). It uses a fact that the most of business objects in this application domain
are either graphs/sub-graphs (e.g. entire track topology, train design areas, blocking
areas...) or oriented paths in the graph (trains, train timetable patterns...). Both graph
like objects and graph-path like objects consist of graph-node like objects and graph-
edge like objects. All of them are pre-linked together representing so a skeleton on
which &l other non-geographic data objects are “hanged” (e.g. time information, train
conflict information...). A simplified example is shown in Fig 3.

Fast traversing in this pre-linked object graph leads to a high velocity of queries
(like e.g. train conflicts search and resolving). Since al data are present al thetimein
the memory as Java objects, relatively easy and straightforward implementation of
even complicate business rulesis possible.

| LA R ® WA (HTTR)

Thin Client Message In memory
Modules Objects Object
Transport Tier Server -

Train Entry

Desktop

Java
Application |- WEB Tunnel

(Webstart

Train Section

Train

|__|Alternative “shortcut”’
(for local area only)

XML |
Persist

“Track Topology
Graph based”
container Connection | gcation

Fig.2 Thethin client, middle tier, graphical output Fig.3 A smplified example

The thin client is a modular Java Webstart desktop application providing with a lot
of graphical outputs. (See Fig 2, on theright and Fig 1).

A possible configuration of Client Application Startup Panel is shownin Fig 1. The
icons shown in the picture can give an idea about the variety of client modules. The
most important client modules are Train Graph Editor and Track Map based Editor.
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The Train Graph screens displaying trains and conflicts of al clients are synchronized
in real time viathe automatic client refresh capability.

The client modules are loosely coupled with the above described services tier via
sending message objects (locally or over the internet) thanks to the middle tier shown
in the center of Fig 2.

4 Conclusion

The above described unconventiona approach which takes into the account also
the specific semantic of the data together with the in memory configuration leads to a
very high performance (many times faster in comparison with a traditional relational
database server). It represents a good platform for train conflict resolving and
timetable optimization agorithms.
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Abstrakt. Prispevok popisuje sG¢asny stav vyuZzitia znalostného manazmentu
v podmienkach Ozbrojenych sil Slovenskej republiky, rozsah vzdelavania
profesionalnych vojakov v tejto oblasti a moznosti implementécie znalostného
manaZzmentu do vojenskych organizacii.

1 Pozadie problematiky

Znalostny manaZment patri medzi fenomény sucasnej doby. Vela podnikov, firiem,
institlcii a organizacii hrada mozZnosti uplatnenia znalostného manazmentu s cielom
dosahovania vy33ej prosperity a efektivnosti vynaloZzenych prostriedkov. Jeden
z koretiov vzniku zakladnych myslienok znalostného manaZzmentu je mozné najst’ aj
v americkej armade a v snahe jej velitelov uchovat’ drahocenné a krvou zaplatené
skisenosti z bojovych akcii v zahrani&i. Preto znalostny manazment ma svoje miesto
aj vo vojenskych organizaciach vratane Ozbrojenych sil Slovenskej republiky (OS
SR).

2 Vyuéba predmetu znalostny manazment

V podmienkach Slovenskej republiky v st¢asnosti existuju 2 vzdelavacie instit(cie,
ktoré sa podielaju na vzdeldvani, vychove a vycviku profesiondlnych vojakov pre
potreby SR. Akadémia ozbrojenych sil gen. M. R. Stefanika v Liptovskom Mikulasi,
ako vojenska vysoka Skola univerzitného typu, zabezpecuje vzdelavanie kadetov v 4-
roénom bakalarskom S§tddiu.  Narodnd akadémia obrany marSala A. Hadika
zabezpecuje vojensky program tychto kadetov a odborné kurzy v ramci kariérneho
rastu profesionalnych vojakov.

V sucasnosti iba jeden Studijny odbor bakalarskeho Stidia ma vo svojom
Studijnom programe zahrnuty predmet ,,Znalostny manazment“. Tento celkom novy
predmet je volitelny a vyucovany v anglickom jazyku v rozsahu 30 hodin. Jeho
pripravu sprevadzali chybajldce sklsenosti pedagégov aobmedzena dostupnost
informa¢nych zdrojov. Na odstraneni tychto skuto¢nosti sa intenzivne pracuje
aobsahovd népln predmetu, ako aj informacné zabezpecenie sa postupne
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zdokonaluju. Aj ked’ skisenosti s vyucbou predmetu Znalostny manazment st malé,
sme si vedomi jeho dblezitosti najmé pre vojensku organizaciu.

3 Préca so znalostami v Ozbrojenych silach Slovenskej republiky

V ozbrojenych silach SR sa vzdy pracovalo so znalostami, no tejto praci chyba
systematickost’ a stanovené pravidla. Prenos znalosti bol v minulosti zdZeny iba na
osobné predavanie skdsenosti medzi starSou a mladSou generaciou profesionalnych
vojakov a s tym spojené ¢asovo naroéné vyhradavanie moznych nositel'ov potrebnych
znalosti.

Vstupom do NATO sa podstatne rozSirilo spektrum pouZitia naSich vojenskych
jednotiek. V stcasnosti ma SR svojich profesionalnych vojakov vo viacerych misiach
(vratane Kosova, Afganistanu, Iraku, Cypru ai.). Pre pripravu prislusnikov do
zahrani¢nych vojenskych misii bola zriadena Specidlna vycvikova jednotka. Jej
inStruktori si vojaci, ktori sldzili vo viacerych zahrani¢nych misiach a su nositel'mi
potrebnych znalosti. Ich Glohou je okrem pripravy a vycviku aj priama spolupraca
a pomoc pri striedani vojenskych kontingentov v zahranic¢i.

Stéle je to vSak ¢lovek, ktory je nositefom znalosti. V sucasnosti chybaju pravidla
na ziskavanie znalosti, nie je vybudovany elektronicky znalostny systém pre
zachytavanie, ukladanie a spristupnenie potrebnych znalosti. V niektorych pripadoch
chyba motivécia a dbvera, ktord by viedla jedinca k zdielaniu svojich tacitnych
znalosti.

4 Perspektivy rozvoja

Vedecko pedagogicky zbor Akadémie ozbrojenych sil si je vedomy nutnosti
rozvijania znalostného manazmentu v kontexte s celoZivotnym, distanénym
a elektronickym vzdeldvanim a budovania institucionalnej paméti. Za tymto Ucelom
bola vroku 2006 zahajena priprava projektového zameru Vojenskej virtualnej
univerzity. Vysledky tohto projektu maji byt uréené najma pre profesionalnych
vojakov a zamestnancov verejnej a Statnej spravy v oblasti obrany a bezpeé&nosti.

Rozhodujlcim partnerom pri priprave a realizacii projektu je Ustav informatiky
Slovenskej akadémie vied. Hlavny prinos tohto pracoviska bude najmé pri tvorbe
znalostného systému pre podporu riadenia vyucbového procesu vo Vojenskej
virtualne univerzite. Hlavnym cielom znalostného systému bude podrobna analyza
znalosti v elektronickom vzdeldvacom procese, navrh metéd na zachytavanie,
uchovévanie avytvéranie znalosti savisiacich s elektronickym vzdeldvanim
avytvorenie rdmcového modelu znalosti, ktory bude reprezentovat’ znalosti
pedagdga, ako aj Studenta.

Realizacia projektu umozni kvalitativne novl Urover distriblcie informécii, uciva
a znalosti podstatne SirSiemu okruhu zaujemcov, bez ohladu na dennd dobu
avzdialenost. Tym sa Vojenskd virtudlna univerzita stane d’alSim krokom ku
spristupneniu diStanéného vzdelavania odbornej verejnosti v podmienkach Slovenskej
republiky.
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Zaver

Implementacia znalostného manazmentu do Ozbrojenych sil Slovenskej republiky
bude dlhodoby avelmi naro¢ny proces. V sO¢asnosti iba niektori rozhodujlci
funkcionari OS SR si uvedomuji potrebu vyuZitia znalosti v prospech celej
organizacie. Potrebu zdiel'ania znalosti si vSak uvedomuju najmé prislusnici jednotiek
vysielanych do zahrani¢nych misii a vedecko pedagogicky pracovnici Akadémie
ozbrojenych sil.

Problematika uciacej sa organizacie a inStituciondlnej paméati ma velké
perspektivy uplatnenia vo vojenskych Struktdrach. Je iba otdzkou casu, kedy tejto
tematike bude pristdend takd vaznost, ktoru si zasluZi. Projekt VVojenskej virtualnej
univerzity by mohol byt prvym vyznamnym krokom na ceste implementécie
znalostného manazmentu do vojenskych organizécii.
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Abstrakt. Clanok je zakladnou informaciou o skupinach, ktoré sa zaoberaju
pocitacovym spracovanim slovenského jazyka. Takisto pojednava o ich
vysledkoch a vyzvach na vyskum a vyvoj v tejto oblasti v buddcnosti. V
kratkosti tiez rozobera potreby projektu NAZOU pre spracovanie slovenciny,
kde sa ako zakladny problém javi lematizacia a stemming slovenciny.

1 Kto sa zaobera slovenéinou

Na Slovensku ale aj v Cechach funguje niekorko skupin, ktoré sa zaoberaja
spracovanim slovenciny. Urgite najvyznamnejSim je pracovisko v Jazykovednom
Gstave L. Stira SAV (JULS), kde sa tvori korpus slovenského jazykat. Korpus textov
[1] predstavuje Specificky subor jazykovych dat, ktory sa buduje v elektronickej
podobe a spracovava sa na vedecko-vyskumné a ucebné ciele. Lingvisti na zaklade
autentického jazykového materidlu opisuju predovSetkym vyznamy a funkcie slov i
dalSich jazykovych prostriedkov. Beznym pouZivatelom mdze korpus poslizit’ ako
zdroj poznania realneho fungovania jazykovych prostriedkov, nenahradza vSak
kodifika¢né ani gramatické prirucky. Popri korpuse sa pracuje aj na morfoldgii a tiez
lematizécii [2] [11] slovenginy, kde je aktivny najméd Radovan Garabik.

V minulosti bolo najvyznamnejSim pracoviskom v tejto oblasti Laboratérium
pocitacovej lingvistiky na Pedagogickej Fakulte UK pod vedenim Vladimira Benka.

* This work is supported by projects K-Wf Grid EU RTD IST FP6-511385, NAZOU SPVV
1025/2004, RAPORT APVT-51-024604, VEGA 2/6103/6, VEGA 2/7098/27.
L http://korpus.juls.savba.sk/
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V st¢asnosti sa dalej pokraguje v praci na JULS SAV, kde boli odovzdané aj
predchadzajlce vysledky.

Dalsim vyznamnym pracoviskom je Fakulta elektrotechniky a informatiky
Technickej univerzity v KoSiciach, kde paralelne p6sobi niekorko skupin
zaoberajucich sa pocitatovym spracovanim slovenéiny. Lingvisticka dielia na
Katedre pocitacov a informatiky FEI TU, vedend Janom Gen¢im, realizuje projekty
»Porovnavanie adjektiv na zaklade regularnych vyrazov“, ,Morfologickd databaza
slovenginy* a ,, Tvorba synsetov* [21].

Na Katedre kybernetiky a umelej inteligencie FEI TU v KoSiciach sa skupina
DusSana Krokavca zameriava na aplika¢ny vyskum v oblasti po¢itatového spracovania
reci, Peter Sin¢ak skima pouZzitie neurénovych sieti na analyzu prirodzeného jazyka,
Jan Parali¢ a jeho skupina sa sustred’uje na aplikacie v oblasti dolovania znalosti z
textov, sémantické reprezentécie a znalostné technoldgie. Ako isty integrujici a
syntetizujdci pristup mozno tieZz spomenut’ pracu Karola Furdika [20], v ktorej je
predstaveny komplexny model pocitacového spracovania slovenciny, kombinujuci
lingvistickeé, Statistické a znalostné pristupy.

Relativne novym pracoviskom je Centrum pre informaéné technolégie? FEI TU v
KoSiciach, kde sa vyvija kniznica JBOWL® (Java Bag-Of-Words Library) pre
podporu aplikécii spracovania prirodzeného jazyka a objavovania znalosti v textoch
[22]. Tento softvérovy systém pre manipulaciu s textovymi dokumentmi poskytuje
funkcie a metddy pre podporu spracovania prirodzeného jazyka (znackovanie,
morfologicka analyza, lematizacia, dezambigudcia, syntakticka analyza na baze ATN
sieti, zhlukovanie a identifikacia fraz, vazenie termov, indexacia), ziskavania znalosti
a dolovania v textoch. Kniznica JBOWL je vytvorena v programovom prostredi Java
a je realizovana ako Open source projekt pod GNU Lesser licenciou.

V Kogiciach sa slovenginou zaobera aj skupina na UPJS, kde bol vytvoreny
indexovaci a fulltextovy vyhladavaci nastroj, ktory vyuziva aj data zo slovenského
slovnika pretransformovaného do elektronickej podoby na UPJS [7] [8] [9]. Pracuje
sa aj na zapracovani dalSich metapoznatkov?, napriklad slovnika cudzich slovs.
V ramci projektu NAZOU sa vytvara aj nastroj Tvaroslovnik [12], ktory sl(zi na
jednoduchi lematizaciu slovenginy.

V PreSove na Filozofickej fakulte PreSovskej univerzity sa dlhodobo zaobera
vyskumom v oblasti spracovania re¢i skupina pod vedenim Jana Sabola a Juliusa
Zimmermanna. Spomenudt’ vSak treba aj nemaly podiel pracovnikov PreSovskej
univerzity na budovani korpusu slovenského jazyka, predovsetkym prace na
morfologickej a syntaktickej anotacii. V oblasti syntaxe s vyznamnymi prace Jolany
NiZnikovej a Miloslavy Sokolovej [23] [24], ktoré predstavuju prvy koncepéne
uceleny projekt slovnika slovesnej valencie a jeho néasledné vyuZzitie v typologii
vetnych vzorcov. V oblasti slovotvorby sa mozno zmienit o softvérovom rieSeni
slovenského slovotvorného slovnika [25], ktory bol budovany na zdklade koncepcie
Juraja Furdika.

2 http://www.tuke.sk/fei-cit/

3 http://sourceforge.net/projects/jbowl/

4 http://s.ics.upjs.sk/~gallova/Slovnik/index1.htm
5 http://s.ics.upjs.sk/~gotthardova/swprojekt/
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V oblasti morfolégie st vyznamné prace Eduarda Kostolanského [26], v st¢asnosti
pdsobiaceho na Univerzite Cyrila a Metoda v Trnave. Ako pokracovanie tychto préac
sa na Katedre informatiky tejto univerzity v su¢asnosti realizuje druha etapa projektu
budovania viacjazyéného korpusu pre pocitacom podporovand vyucbu cudzich
jazykove.

Za vel'mi zaujimavy pokus o algoritmické uchopenie slovenéiny mozno povaZovat
pracu byvalého matematika Emila PéleSa realizovant v rdmci projektu Sapfo [10].
Jeho nosnou myslienkou je vytvorenie pravidiel vo forme logického programu, ktoré
by zachytavali vSetky nepravidelnosti slovenského jazyka. Na tuto précu chcela
povodne nadviazat' skupina nadsencov z PF UPJS, dnes spoluriesitelov projektu
NAZOU. Ukazalo sa vSak, Ze cesta zachytit' slovenskd gramatiku do takychto
exaktnych pravidiel je vzhladom na obrovsky pocet vynimiek nerealizovatelna.
Prijali preto Uplne ind paradigmu, a to nehladat’ pravidla, ale ziskat' vSetky
gramatickeé tvary vsetkych slov (presnejSie slov zo Slovnika slovenského jazyka, teda
nasej oficialnej slovnej zasoby) a spracovat’ ich do podoby tzv. Tvaroslovnika. Tu si
treba uvedomit’, Ze poc¢et gramatickych tvarov nepresahuje milion, a uchovavat’ tor’ko
Udajov v dneSnej dobe uZz nie je problém. Obsah spominaného (Sestdielneho)
Slovnika slovenského jazyka (zahfiajliceho okrem slov v zakladnom tvare aj ich
vyznamy a priklady pouzitia v dielach klasikov slovenskej literatiry) sa zmesti do
textového suboru o verkosti okolo 17,5 MB, samotné slova z toho zaberaju iba 1,5
MB. Samozrejme, ziskanie vSetkych tvarov slov je Gloha netrividlna, ale na druhej
strane jednorazova. Takato mnozina vSetkych slovnych tvarov by nielen automaticky
ponukala slovny zéklad, ale bola by aj dobrym zakladom pre lingvisticky vyskum
vysSich lexikalnych jednotiek (vetny rozbor). Dodajme, Ze v sG¢asnosti uz existuje
elektronicka verzia Slovnika slovenského jazyka’, avSak vzhladom na jeho verlku
chybovost’ ju moZno povazovat’ len za verziu pracovnd.

Vypoétovou analyzou viet v slovenskom jazyku sa zaobera diplomova praca
Michala Ceresiiu [13], ktora pontka aj lexikalny analyzétor slovenciny.

Délezitym je aj seminar SLOVKOS International Seminar Computer Treatment of
Slavic and East European Languages, na ktorom sa stretdva komunita ktora pracuje
s pocitatovym spracovanim jazyka v ramci Ciech, Slovenska ale aj d’alsich susednych
krajin.

Na Slovensku existujl aj d’alSie aktivity v komer¢nej ale aj neakademickej sfére.
V tejto oblasti pracuje napriklad Forma s.r.0.%, ktora dodava spell check pre produkty
Microsoft napr. Microsoft Word. Takisto ma vSak samostatné produkty na fulltextové
vyhladavanie v slovencine ako aj prevadzkuje niektoré stranky® ktoré by mali
podporovat’ vyhladévanie v slovengine. Dalej je tu tieZ aktivita sk-spellt ktora
vytvara open source spell check ktory sa vyuZiva napr. v OpenOffice. Iniciativa
obsahuje aj anglicko-slovensky slovnik a synonymicky slovnik.

6 http://ki.fpv.ucm.sk/index.php?start=projekty
7 http://dbserver.ics.upjs.sk/slovnik

8 http://korpus.juls.savha.sk/~slovko/

9 http://www.forma.sk/

10 http:/Awww.zbierka.sk/

1 http://sk-spell.sk.cx/
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2 Lematizacia a stemming

Slovencina patri medzi jazyky ktoré maju bohat morfolégiu, teda tvar slova sa
meni podla vyznamu. Toto mdZe byt zjavnou nevyhodou pri pocitacovom
spracovani. Je teda potrebné hradat’ zakladny tvar slova (lemma) pripadne koreii slova
(stem). V anglic¢tine sa tieZ pouziva lematizicia alebo stemming aby sa odstréanilo
mnozné ¢&islo, minuly ¢as slovies a dalSie. V angli¢tine je najbeZnejsi Porterov
algoritmus ktory vSak pre slovencinu nefunguje. Ked’ si predstavime napriklad korei
slova ,rada“, korei je ,,rad“, pricom tento koren zahfiia pri uvaZzovani bez diakritiky
nasledujice slovd: rada — podstatné meno, orgdn; rdd - podstatné meno,
vyznamenanie; rdd — sloveso; rad — podstatné meno, zoradenie; rada — podstatné
meno, ponaucenie.

Problémom je aj rozne kddovania slovenciny v ktorych st zapisané informacné
zdroje (napr. web stranky). Zékladné st win-1250, 1SO-8859-2 alebo UTF, ale tiez
Specialne HTML znac¢ky zac¢inajlce ,,&#“. Vel'a informaénych zdrojov je pisanych aj
bez diakritiky. Napriklad ak chceme spracovavat emaily, ktoré sa bezne piSu bez
diakritiky, je potrebne rieSit’ lematizaciu aj bez diakritiky.

Lematizacia astemming sa bezne pouziva najme pri indexacii a naslednom
fulltextovom vyhlradavani. Treba vSak povedat, Ze pre sloven¢inu zatial' nie¢o
podobné neexistuje v uspokojivom rozsahu.

Firma Forma s. r. o. deklaruje, Ze ma vyrieSené indexovanie a vyhladavanie
v slovenskom jazyku, a teda aj stemming. Pri vyhl'adavani na stranke www.zbierka.sk
vSak toto funguje iba v obmedzenom rozsahu. Napriklad pri dopytoch ,,Narodna
rada“, ,,Narodnej rady* a bez diakritiky ,,Narodna rada“ je vysledkom rozny pocet
dotazov, ktory nezahrtia vSetky formy slova.

Podobne vyhradava¢ morfeo.sk'? deklaruje vyhlradavanie v slovencine, ale
napriklad pre dopyty ,,Stefan Luby* a ,,Stefanovi Lubymu* vréati rézny podet stranok.
Samozrejme tvary slov nie st vyrieSené ani vo vyhladivacoch Zoznam a Google.

Na lematizatore astemmeri pracuji aj na niektorych pracoviskach v CR [3],
nepodarilo sa ndm vSak zistit’, ako su tieto vysledky Uspesné v slovencine.

Zaujimavou pre tvorbu slovenského stemmeru sa javi praca Lea Galambo3a's,
ktory vyvinul stemmer vhodny pre slovanské jazyky [4, 5, 6], na zaklade ktorého bol
vyvinuty stemmer pre pol'sky jazyk!4. Na lematizatore [11] pre sloven¢inu sa pracuje
na JUL’S SAV, ktory je zaloZzeny na slovnikovom principe. Beta verzia je dostupna na
webe?®.

V rémci projektu NAZOU je na UPJS vytvéarany néstroj Tvaroslovnik [12], ktory
bude slGzit’ na lematizaciu slovenského jazyka. Tento nastroj vie na zaklade vzorov
vygenerovat’ lemmu, ktora sa nasledne kvdli presnosti overuje v slovniku.

Tvorba algoritmického stemmeru pre slovencinu je potrebnd, pretoze stemmery
zaloZzené na slovnikoch nevedia zistit lemmy alebo korene slov pre nové slova,
priezviska, mena miest alebo mena firiem v inom ako z&kladnom tvare. Lematizéacia

12 http:/www.morfeo.sk/

13 http://kocour.ms.mff.cuni.cz/~galambos/

14 http://getopt.org/stempel/

15 http://korpus.juls.savba.sk/~garabik/junk/miv/
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pritom nie je potrebnd len pre sprdvnu indexaciu a fulltextové vyhl'adavanie, ale aj pre
sémanticky anotéciu, identifikiciu informac¢nych zdrojov v rdmci domény, a dalSie.
Tento problém by mohol ¢iasto¢ne vyrieSit’ ndstroj Tvaroslovnik [12], pripadne bude
potrebné vyvinit novy nastroj na stemming slovenciny na zéklade existujucich
pristupov [4, 5, 6].

3 Slovenéina v nastrojoch projektu NAZOU

Problém spracovania informa¢nych zdrojov v slovenskom jazyku sa riei aj v
projekte NAZOU [14] ako sucast’ druhej pilotnej aplikécie. V projekte NAZOU sa
spracivaju informacné zdroje z internetu. Pilotnou aplikéciou je doména pracovnych
pondk. Tieto sa vyhladavaju a identifikujl na internete, stahujd, indexujd, ako aj
dalej spracivaju vo forme ontologickych metadat anésledne sa prezentuju
uzivatel'om. Prave na tejto aplikac¢nej doméne je viditel'na potreba stemmingu, pretoZe
nazvy miest a obci kde sa ma praca vykonavat mézu byt vyskloriované. Taktiez
podobny problém mézZe vznikndt pri nézvoch firiem, pracovnych pozicii alebo
kategorii pracovnych ponuk. Tiez v pripade vyhladavania informécii o uchadzacovi
na internete moéZe nastat’ problém, Ze nendjdeme vSetky dostupné informécie kvoli
roznym tvarom mena a priezviska.

Zatial’ sme v NAZOU identifikovali potrebu ekvivalentu Porterovho algoritmu pre
slovenginu, teda algoritmus pre lematizaciu alebo stemming slovenciny, ktory by
vyuZzil nastroje na indexovanie [15] [16], nastroj Ontea [17] slUZiaci na sémanticku
anotaciu a pravdepodobne nastroj Erid [18], ktory potrebuje zistovat relevanciu
vietkych tvarov relevantnych slov. Dalej je potrebny nastroj, ktory identifikuje zdroj
v slovenskom jazyku — aby nastroje vedeli, ¢i maju pouzit Porterov alebo iny
algoritmus. Tento problém rieSi nastroj NALIT [19]. Tiez pre vyhlradavanie a
pripadne aj anotéciu je vhodné pouzitie synonymického slovnika.

4 Zaver

V ¢lanku v krétkosti informujeme o tom, kto sa zaoberé poéita¢ovym spracovanim
slovenginy a ¢o bolo v tejto oblasti spravené. V d’alSom sa zameriavame na problémy
lematizécie a stemmingu, kde je na¢rtnutd potreba riesit’ tieto problémy, ktoré ndm
vyplynuli aj v ramci projektu NAZOU.

V d’alSej praci by sme sa chceli zamerat’ na integraciu existujdcich rieSeni pre
lematizéciu slovenciny do néastrojov v projekte NAZOU. Tiez by sme sa chceli
zamerat’ na mozné rieSenie problému stemmingu v slovenskom jazyku pre potreby
pocitacového spracovania zdrojov v slovenskom jazyku aich naslednej indexacie
a fulltextového vyhradavania.
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Hladanie zakladného tvaru slovenského slova
na zaklade spoloéného konca slov *
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!stanislav. krajci@upjs.sk
2robert. novotny@upjs.sk

L2Ustav informatiky, Prirodovedeckd fakulta, UPJS Kosice

Abstrakt Na ziklade jednoduchého pozorovania, ze na ohybani sloven-
ského slova ma najvacsi vplyv jeho koniec, sme implementovali algorit-
mus, ktorého ambiciou je najst zékladny tvar daného tvaru slova. V prvej
faze sa spomedzi dopredu definovanych zndmych tvarov vybratych slov
vyberie také, ktoré ma s danym slovom ¢o najdlhsi spolo¢ny koniec,
a stane sa tak jeho ,predlohou“, v druhej faze sa pomocou zdkladného
tvaru tohto uz definovaného slova ,,podvojnou zdmenou“ odvodi mozny
zédkladny tvar daného slova. V (nepovinnej) tretej fdze sa skontroluje
pritomnost takto vzniknutého zakladného tvaru daného slova v zozname
slov slovenského jazyka.

1 Vychodiska

V rédmei projektu NAZOU (Néstroje na ziskavanie, organizovanie a udrziavanie
znalosti v prostredi heterogénnych zdrojov) je pri spracivani novych ponik do
vektorového (resp. objektovo-atribiitového) modelu, v ktorom sa eviduje viac
¢ menej sofistikovand statistika vyskytu termov (slov) v dokumente, uzitoéné
zdruzit rozne tvary toho istého slova do jednej skupiny a vybraf jej vhodného
reprezentanta, ¢i uz ide o spolo¢ny slovny koren tychto tvarov alebo ich zékladny
tvar.

V dvoch jazykoch, ktoré nas zaujimaji, — angli¢tine a slovenc¢ine — je vSak
tento proces diametralne odlisny. V anglickom jazyku, ktory pozna ohybanie slov
len vo velmi prostej podobe, sa spoloény slovny zdklad dosiahne jednoduchsie,
a to vzhladom na pomerne dobre definovatelné pravidla tvorby slov zo spoloéné-
ho slovného zdkladu (isteze, existuju aj vynimky (napr. nepravidelné slovesi),
tych je vSak relatfvne malo). Obvyklou metédou je tu tzv. stemming (podla
Porterovho algoritmu ([2])), ktory spociva v odstranovani niektorej z mala pripon
(napriklad ,-ed“, ,-ing“, ¢i ,-s*).

Slovenéina vsak patri k tzv. flexfvnym jazykom, kde m4 viécsina slov niekolko
(desiatok) tvarov, ktoré sa vytvaraji storakymi sposobmi. Casové investicia do
hladania a aplikacie pravidiel ohybania slov tak moze byt prilis velk4, ba vicsia

* Podporené $tdtnym projektom vyskumu a vyvoja Budovanie informacnej
spolocnosti, Nastroje na ziskavanie, organizovanie a udrziavanie znalosti v prostred{
heterogénnych zdrojov, 1025/04
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nez (¢asovo néro¢né, ale v podstate jednorazové) najdenie vsetkych tvarov tychto
slov. (Tu spomeiime velmi zaujimavt pracu E. Pdlesa ([1]), ktord tito obavu
nechtiac potvrdzuje.) Této moznost velmi dlho neprichddzala do tvahy, ved
celd oficidlna slovnd zasoba — Slovnik slovenského jazyka ([4]) ma v papierovej
podobe est hrubych zviizkov, pricom obsahuje v podstate len zdkladné tvary
slov. Ak si vsak uvedomime, ze fakticky ide asi ,,len“ o 150 000 slov, ktoré maji
spolu par miliénov tvarov, tloha ulozit ich vsetky do databdzy uZz prestdva byt
v dnesnej dobe nepredstavitelna.

S tymto cielom prebehla na Ustave informatiky UPJS v Kosiciach zaciatkom
tohto tisicrocia elektronizédcia spominaného Slovnika slovenského jazyka, ale aj
Velkého slovnika cudzich slov ([3]). Po dokladnom (hoci este stdle netiplnom)
vycisteni dat sme tak ziskali v podstate kompletny zoznam 150 000 doteraz
oficidlnych slovenskych slov doplnenych o 60 000 slov cudzieho pévodu. (Sme si,
samozrejme, vedomi, Ze slovensky jazyk sa vyvija a slovnd zasoba sa od vydania
Slovnika slovenského jazyka zna¢ne zmenila. Napriek tomu si vsak myslime, ze
ziskany zoznam slov je vSak uréite dobrym vychodiskom pre nas d’alsf vyskum.)

2 Hladanie ziakladného tvaru

Ako sme uz naznagili, bohaté skiisenosti s hladanim tvarov slova v angli¢tine st
do slovenéiny neprenosné, pre slovensky jazyk jednoducho pendant spominaného
Porterovho algoritmu neexistuje. Na vytvorenie zdkladného tvaru daného slova
pouzijeme (zédmerne) velmi jednoduchi metédu. Je zalozend na trividlnom po-
zorovani, ze ohybanie slova zdvisi od jeho konca, nie od zaciatku.

Vstupom nésho algoritmu je slovo v fubovolnom tvare (z technickych dévo-
dov sa obmedzme len na podstatné mend, uvadzant myslienku vsak mozno rov-
nako aplikovat i na ostatné (ohybné) slovné druhy), vystupom zoznam jeho
moznych zakladnych tvarov. Predpokladdme pritom, ze mame k dispozicii jed-
nak spominany zoznam (zdkladnych tvarov) slovenskych slov a jednak zoznam
vSetkych tvarov uz vysklonovanych podstatnych mien. (V idedlnom pripade,
o ktorom hovorime v predchddzajicej stati, by tento zoznam obsahoval vsetky
tvary vsetkych postatnych mien.) Algoritmus mé tri fazy:

1. hladanie zodpovedajicich prediéh, t. j. zodpovedajicich tvarov slov zo zo-
znamu vysklonovanych podstatnych mien

2. vytvorenie moznych zakladnych tvarov pomocou ,,podvojnej vymeny*

3. overenie pritomnosti moznych zakladnych tvarov v zozname vsetkych zaklad-
nych tvarov (véitane kontroly rovnosti rodu s rodom prislusnej predlohy)

Tlustrujme tento algoritmus na konkrétnom priklade. Prepokladajme, ze ma-
me néjst zdkladny tvar slova ,pontik®, pri¢om sa toto slovo v zozname predléh
nenachadza, zato sa tam nachadza slovo ,ruka“, a to véitane vsetkych jeho tva-
rov. Zdéraznime, Ze predlohou nemusi byt ziaden dobre znamy . 8kolsky“ vzor
skloiiovania (,,chlap“, ,hrdina®, ,dub*, ,stroj“, atd.). Viimnime si tiez, ze tu
vobec nerespektujeme slovné zéklady, pri sklonovani totiz nie st dolezité.
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— slovo: X =, ponuk*

— jedna z najdenych predloh: Y = | ruk“

— spoloény (neprézdny) koniec: K = ik

— zaciatok predlohy: Y/ = 1¢ (teda Y =Y’ 4+ K)

— zaciatok slova: X' = pon“ (teda X = X' + K)

— zakladny tvar predlohy: Y = | ruka“

— koniec zdkladného tvaru ponuky: K’ = juka®* (teda Y =Y’ + K')
— zdkladny tvar slova: X = X’ + K’ = ,ponuka®

— overenie existencie slova X v zozname zakladnych tvarov

Rovnako dobrou predlohou (za predpokladu, ze by sa nachddzalo v ich zozname)
by mohlo byt trebars slovo ,,oblik®, algoritmom v predposlednom kroku odvo-
deny prislusny zdkladny tvar ,,obluka® by vsak nepresiel kontrolou v poslednom
kroku, takyto zakladny tvar totiz neexistuje.

Ak je predloh viac, uprednostnime ti, ktord ma s danym slovom najdlhsi
spolo¢ny koniec. Tento postup, samozrejme, nevylucuje, ze zakladnych tvarov
daného slova moze byt viacero. Ak sa vSak Ziadny nendjde, dané slovo je vhodne
vyskloniovat a doplnit nim zoznam predléh.

3 Zaver

V tomto éldnku sme sa pokusili ilustrovat jednoducht metédu na ndjdenie
zakladného tvaru slovenského slova. Pre potreby projektu NAZOU sa poktsime
roz&irit jej funkénost o tieto érty:

— moznost ignorovat diakritiku

— rozsirenie funkénosti na slovd mimo slovnika (napr. vlastné mend) (t. j. vy-
nechanie tretej fazy algoritmu)

— rozsirenie na ostatné ohybné slovné druhy (hlavne pridavné mend a slovesa)

Lahko si méZeme v&imnuf, Ze uvedend metédu mozno prirodzenym spésobom
rozsirif na hladanie vSetkych tvarov slova, teda nielen zékladného. (Aj pomocou
takto upravenej metddy) ziskany spominany zoznam vsetkych tvarov sloven-
skych slov by bol nielen uzito¢nou pomockou pri kategorizovani ponik (a, samo-
zrejme, aj inych textov), ale i dobrym vychodiskom pre automaticki syntakticki
analyzu slovenskych viet.
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1 Introduction

The aim of this paper is to describe the information retrieval neural network model
which retrieves the information from the text documents in Slovak language and
which, for this purpose, uses the neural networks. This model comes from linguistic,
conceptual and knowledge approach for the analysis of text documents in Slovak
language. For representation of the text document collection in Slovak language uses
the vector space model. The neural network model, based on feed - forward and
spreading activation neural networks, accepts the structure of linguistically,
conceptually and knowledge oriented model, where query representation, document
database creation and document indexing for keyword and document determination
is solved. Proposed structure of the neural network model solves the document
retrieval on the base of user’s question. However, learning algorithm and neural
network invariance, come from utilization of the neural networks enables to decrease
the computational complexity of the Slovak language analysis algorithm.

2 Information retrieval neural network model

Neural network model of information retrieval system comes from the model based
on statistical, linguistic and knowledge approach, which expresses document content
and document relevance [1, 2, 7]. User specifies the query in Slovak language for

* This work was supported by Slovak Science and Techn. Assist. Agency under the contract
No. APVT-51-024604 and Slovak Science Agency VEGA No. 2/7098/27
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that system and system returns a Slovak document subset relevant to his query. The
structure of the system was proposed and it is modular. It consists of the query
subsystem, indexation subsystem and document subsystem (Fig.1) [3]. Because this
approach is very complicated, what comes from inflection of Slovak language [8],
this model can be simplified and expressed by cascade neural network (Fig.2) [4, 6].

User Query
A

Administrator

Document
Base
Manager

Document
Indexation

Answer —

Retrieved A

Documents
User Query Indexation Administrator
Subsystem Subsystem Subsystem

Fig. 1 Simplified structure of information retrieval system

Query Keywords Documents

dy

d>

de

Fig. 2 Cascade neural network for determination of keywords and documents

This neural network model consists of two neural networks. 1% neural network is
the feed — forward neural network of back propagation type, which solves the
keyword determination by user question | Slovak language. It consists of 3 layers and
its model is defined by equations (1-4), where x; is the query representation and k; is
the keyword representation.
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2" neural network is the spreading activation neural network, which solves the
document retrieval. 2" neural network expresses the document content and document
relevance by vector space model [5, 9]. Vector space model is created by rows of
keywords ki, ..., k. and columns of documents d, ... , d, by relation (5), where k; is i-
th keyword, L is number of keywords, d; is j-th document, P is number of documents.
fij called also keyword weight is relative frequency of i-th keyword in j-th document
and is used for creation of the matrix of vector space model by equation

ds d; dp
K, fu T fip
k f f, . f
F(LxP)=| 2 |=| &2 '= 2P 5)

kp fo fo o fip

This neural network is not trained; its weights are set by matrix of vector space
model by association of
W, =F

i ij !

i=1... P, j=1..L (6)
and document relevance is determined by

dj = f(netdj) = nety; @)

3 Experiments and results

Above mentioned model in MATLAB was programmed. In the query layer of 1%
neural network there are 12 neurons, i.e. each neuron for one character of user query.
In the keyword layer, there are 20 neurons, i.e. each neuron for one keyword. In the
document layer, there are 90 neurons, i.e. each neuron for one document. The length
of document is approximately about 50 words.
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1% neural network was trained with a query training set, involves 164 queries and
a keyword training set, which involves 20 keywords. Query testing set was created by
chosen grammatical forms of the Slovak words. 2" neural network uses keyword
training set and document training set DS. This network was not trained because its
weights were assigned to the matrix of vector space model (6).

Within the proposed model two experiments were made. First experiment was
made with the first query test set, consisting of 185 queries, which contained different
Slovak grammatical word forms. These forms were then used for the root bases of the
keyword training set. For queries from the query testing set belonging keywords from
the keyword training set were found and for them the documents from the document
set with 0,9959 precision were found.

Second experiment was made with second testing set, where 100 queries were
involved but no keyword belonged to it and this fact influences that no documents can
be returned to the user correctly. From the results obtained, it follows, that the system
reacted to chosen query training set with precision of 0.97.

From the whole assessment of the experiment, it follows, that the approach used
has a perspective and provides next possibilities for its widespread.
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1 Introduction

This paper describes the information retrieval from Slovak text documents based
on Latent Semantic Model (LSI), which comes out from the Vector Space Model
(VSM). The Latent Semantic Model uses the Singular Value Decomposition (SVD)
algorithm and dimension reduction of the document set space representation in
relation to original Vector Space Model.

2 Vector Space Model

The VSM is most often used for information retrieval [6,7]. The documents from
document base are prepared at first. The stop-words are removed from documents and
the other words are stemmed by Porter’s algorithm. These stemmed words are then
turned to keywords. It is then determined from keywords, how many times each
keyword appears in the specific document, what is called frequency of the keyword in
the document. From acquired information the VSM matrix is created. The element

kij determines the frequency of keyword i in the document j. The VSM matrix has
the following form:

* This work was supported by Slovak Science and Techn. Assist. Agency under the contract
No. APVT-51-024604 and Slovak Science Agency VEGA No. 2/7098/27
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kll k12 klm (1)
kK, Kk, ..
K (m % n) — 21 22 2m
Ky Ky o Ko
The query q is brought as an input to the VSM
q =0, 0y) @

This query is represented by the keyword set and is multiplied with VSM matrix K
and the vector of document relevance d is created

qxK=d=(d,,.d,) ®

where each element d j in this vector determines the relevance of document j to

given query Q.

The VSM could be very easily modeled and it is very easy work with it. For
retrieval of relevant document set to the query it suffices to transform the query into
the keyword vector, ¢ to multiply it with VSM matrix K and arrange the output vector
of document relevance d from the most relevant documents to the less relevant
documents. Such arranged documents are sent to the user as an output.

One disadvantage of VSM is its high computing complexity by large size of
VSM matrix, when here are lots of documents and/or keywords. Here comes the
dimension reduction with LSI.

3 Latent Semantic Model

Latent Semantic Model (LSI) has as its input the VSM matrix [1,2,3,4,5,8]. On
the VSM matrix, the Singular Value Decomposition (SVD) algorithm is applied,
which decomposes the VSM matrix into three matrices:

K=UxSxV (4)

where U is the matrix of orthogonal unit-length rows, S is the diagonal matrix of
positive singular values and V is the matrix of orthogonal unit-length columns. The
diagonal matrix of positive singular values elements S is positioned in the diagonal
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of the matrix S and singular values are ordered from the highest value to the lowest
value.

The dimension reduction of matrix K resides in elimination of a certain number
of singular values positioned in the lowest part of the S matrix diagonal (si=0) and
their substitution them by the value s;=0. From the matrix U in relation to the
removed singular values s; the last columns are removed and from the matrix V' the
last rows are removed. The approximated matrix K; have the following form:

K, =U, xS, xV, ®)

And the document relevance is acquired from the equation:
d, =qxK, (6)

When the user query (2) is entered as an input to equation (3), this query by the
reduced matrix K, (5) is multiplied and as a result the new document relevance vector
d; (6) is acquired. The Latent Semantic Model retains the most important relations
between documents and the less important relations neglects.

LSI enables the reduction on the number of elements stored in memory. Besides
the whole VSM Matrix are in the memory stored only three reduced matrices of LSI
that have much less capacity as original Vector Space Model matrix.

4 Experiments

On the base of the upper approach, there was proposed model of 90 Slovak
documents with 20 keywords. Over the documents there was created VSM matrix (1)
for 20 keywords and 90 documents. The VSM matrix K by the SVD algorithm (4)
was decomposed. From the matrix of positive singular values there was sequentially
removed the lowest singular values. For each number of remaining singular values
was calculated the absolute and the relative number of elements k; in the reduced
VSM matrix K, after approximation the number of singular value si=0 in this matrix
and the precision P and recall R with the comparison of the original VSM matrix K.
Precision P and recall R were computed by the following formulas

P =Nrerel /nret @)

R =Netrer / Nrey ®)

where n is number of retrieved relevant documents, N _, is number of

retrel ret

retrieved documents and N, is number of relevant documents. The results in the
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Tab.1 for approximated number of singular values are made as an average of
precisions and recalls for each keyword.

Table 1. Precision, recall and number of elements in reduced matrices depending on number
of singular values

Number of elements ki
Number Precision Recall
of si P R Absolute Relative
1 0,7942 0,24 110 0,632184
3 0,95 0,4048 137 0,787356
5 0,975 0,5118 148 0,850575
7 0,9775 0,6342 161 0,925287
10 1 0,7542 165 0,948276
15 1 0,95 173 0,994253
20 1 1 174 1

5 Conclusion

From the results shown in Tab. 1 it follows that this approach is perspective for
next investigation.
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Abstract. In nowadays, data extraction from documents is one of the most
important tasks in an automatic information retrieval from internet documents.
This paper addresses a state of the art, present problems and a future work in
this field. Also it presents an algorithm for an estimation of a general document
structure.

Keywords: Information extraction, document structure estimation

Introduction

Internet is a huge repository of documents with various structures which cover
information value of documents. Retrieving of this information from an Internet
document is an important task in knowledge retrieval. This problem has been
addressed by recent research [1, 2], even on more specific level, where only the
specific structure of a document is considered. For these purposes many wrappers
have been developed [2], however a general approach has not been solved yet. The
aim of this paper is to present actual state of the art of general information retrieval
from Internet documents and emphasize main practical problems, such as hidden
commercials removal or learning.

Recursive bounded frequent substring search

In this section, a novel recursive bounded frequent substring search is presented,
which makes exhaustive search for frequent substrings in processed document
converted into text using html-to-text converters. Frequent substring is substring
which is located in all documents with similar structure. Afterwards, such frequent

* This work is supported by projects NAZOU SPVV 1025/2004, RAPORT APVT-51-024604
VEGA 2/7101/27 a APVV LPP-0231-06
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substrings are marked as a part of the document’s structure with no useful
information. This type of search encounters several following problems: lost of html
structure; complexity; frequent substrings may include useful information. However
this algorithm introduces following advantage: general approach which results in
bounded optimal solution.

Implementations

In this section full paper will describe architecture and implementation of recursive
search method in JAVA language utilizing htmlparser library using UML diagrams.
Also a description of a method’s configuration based on XML document is proposed.

Emerging problems and future work

Resent research in field of information extraction from internet documents results in

many problems that have to be solved to achieve high quality information retrieval.

This paper addresses following problems:

o Lost of html structure: Loosing html structure of retrieved information can reduce
an expressiveness of information.

e General solution: Algorithms for information retrieval from limited amount of
structures is not an issue. General solution has to be found.

e Learning: Using intelligent approaches instead of traditional exhausted search.

e Hidden commercials: Usually commercials are not only included in banners and
side bars of document, but also in a text part of a body of the document. Detection
of such commercials can improve a quality of subsequent annotation.
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Abstract. RDF (Resource Description Framework) is a family of World Wide
Web Consortium (W3C) specifications originally designed as a metadata model
using XML but which has come to be used as a general method of modeling
knowledge. We could use many open source tools to effective manipulate with
RDF. One of them is RDF Suite, developed at FORTH-ICS, which will be
described in this paper. Basic information will be supported by our experience.

Introduction

Huge amount of data is the greatest problem of nowadays. These data could be
stored on digital medium in different formats, such as video, audio or mainly text.
Metadata (e.g. keywords, category, language and author) is needed to effective
browsing of stored data. Resource Description Framework! (RDF) is a family of
World Wide Web Consortium? (W3C) specifications originally designed as a
metadata model using XML but which has come to be used as a general method of
modeling knowledge. We could use many open source tools to effective manipulate
with RDF. One of them is RDF Suite, developed at FORTH-ICS®. The goal of this
paper is present some information about that tool and our experience with its.

RDF Suite

RDF Suite are the high — level scalable tools for the semantic web. Main

components of this system are (see Fig.1):

— The Validating RDF Parser (VRP): the RDF Parser supporting semantic validation
of both resource descriptions and schemas.

— The RDF Schema Specific Data Base (RSSDB): the RDF Store using schema
knowledge to automatically generate an Object-Relational (SQL3) representation
of RDF metadata and load resource descriptions.

1 http://www.w3.org/RDF/
2 http:/ivww.w3.org/
8 http://www.ics.forth.gr/
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— The RDF Query Language Interpreter (RQL): the Declarative Language for
uniformly querying RDF schemas and resource descriptions 7.

— The RDF Update Language Interpreter (RUL): declarative update language for
RDF graphs which is based on the paradigms of query language RQL 4.

ICS-RQL Intcr) proeter

Graph
Constructor
L | —

= |Evaluator porocr

RUL Translator

Evaluator parecr

Fig.1 RDF Suite Architecture 6

Main advantages of RDF Suite toward other RDF tools (e.g. Jena, Seasame, RDF
Store and KAON) are in the method of effective representation of the triplets in
database and in design of query and update language for RDF.

RDF Suite will be used as the knowledge repository for integrated project KP-Lab,
where team of the Technical University of Kosice is responsible for design a
development of knowledge technologies middleware 1.

Acknowledgement

The work presented in this paper was supported by European Commission DG
INFSO under the IST program, contract No. 27490 within the KP-Lab project.

References

1. F. Babi¢, J. Parali¢, P. Smatana, P. SmrZz: Knowledge Practices Laboratory, ICTE
2006

2. The ICS-FORTH RDFSuite: High-level Scalable Tools for the Semantic Web,
http://139.91.183.30:9090/RDF/

3. G. Karvounarakis, A. Magkanaraki, S. Alexaki, V. Christophides, D. Plexousakis,
M. Scholl, K. Tolle: Querying the Semantic Web with RQL. Computer Networks
and ISDN Systems Journal, Vol. 42(5), August 2003, pp. 617-640. Elsevier
Science

4. M. Magiridou, Stavros Sahtouris, Vassilis Christophides, Manolis Koubarakis,
RUL: A Declarative Update Language for RDF, 2005, Fourth International
Semantic Web Conference (ISWC'05), Galway, Ireland, November




Using Ajax for RDF/OWL processing-

Emil Gatial and Zoltan Balogh

Institute of Informatics, Slovak Academy of Sciences, Bratislava, Slovakia
emil.gatial @savba.sk

Abstract. The key concept of web browser's RDF/OWL processing rose from
merging the ideas of Web 2.0 and semantic Web framework. While main
keynote of Web 2.0 is "Network as platform" that stands for delivering
applications entirely through the web browser, the key idea of semantic Web is
to provide documents with computer meaning on WWW. The results of such
fusion will provide seamless semantic document communication over the
Internet. The technologies such AJAX and client side XML document
processing enable web developers to write semantic-aware web browser
applications and access Internet resources in asynchronous manner. The main
role of this article is to provide a brief overview on such emerging frameworks
and point out the advantages of such approach on a short example of the client
side RDF/OWL browser application.

Introduction

The contemporary Web development user interface focuses primary on the server side
technologies and overlooks possibilities of technologies integrated within the last
generation of web browsers. In many cases the appropriate combination of used
server/client technologies can show the best way for the web developers. The idea to
develop ontology browser application by using technologies like AJAX, JavaScript,
XML and XSLT rose as a small part of the IST K-Wf Grid project. Following text
will try to explain the key concept of client side ontology processing.

First of all, the data exchange format must be specified. Even though, the name of
AJAX (stands for Asynchronous Javascript And XML) [1] methodology may evoke
that the XML format takes place for data exchange, but in general, any kind of data
can be transferred using a communication method. Ajax’s most appealing feature,
however, is its asynchronous nature, which means that the responses can be handled
in any time and therefore the client application is dynamically changed over the time.
Ontology browser application uses OWL format [2] to transfer data from server to
client. The client application should be able to process commands as well (automatic
update events, modification events). An XMLHttpRequest object should be initialized
[3] at the start point of client application. Another issue covers parsing the OWL data,
extracting useful information and creating the content of web page. This issue is real

* This work is supported by projects K-Wf Grid EU RTD IST FP6-511385, NAZOU SPVV
1025/2004, RAPORT APVT-51-024604, VEGA No. 2/6103/6, VEGA 2/7098/27
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challenge, because implement full specification of OWL format in detail is an
overwhelming mission. Even though, for browsing purposes it is sufficient to handle
only smaller bunch of OWL tags. The OWL tag handling can be made using methods
of the XMLDocument object [5]. The following paragraph briefly explains the OWL
tag processing, which is followed by short program code describing the main loop.

Ontology importing: In this stage the owl:import tags must by processed in order
to find other parts of ontology. Importing process should start by construction of
the ontology import tree, where each of ontology URI is stored in the ordered list
as like the breadth search (top-down) and then the ontology is processed in
reverse order to guarantee the completeness of ontology class and individual
elements.

Processing ontology classes and properties: This step handle extracting the
owl:Class tags and construction of dynamic tree by processing the
rdfs:subClassOf tags and store the tree structure in DOM. The properties are
extracted by processing owl:ObjectProperty and owl:DataProperty tags and
stored in existing DOM class object.

Processing ontology instances: Instances are identified by ontology prefix, which
has to be found within the set of loaded ontologies. Such extracted information
are stored in an attribute of DOM class object.

var rootRDF = xmlDocument.getElementsByTagName ("RDF") ;
for (var id in rootRDF.childNodes) {
xmlElement = rootRDF[0] .childNodes[i];
if (xmlElement.tagName == "owl:Class") ({
createClassElement (xmlElement) ;

else if (xmlElements.tagName == "owl:DataProperty") {
else if (nsMap[xmlElement.prefix]) {
createlInstanceElement (xmlElelemt) ;

else .. // hande ObjectProprty, Restrictions, etc.

Conclusion

The shortened description of client side ontology processing using JavaScript and
AJAX methodology tries to show best practice in development of web applications
that take advantage of ontological description and web browser built-in technologies.
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Abstrakt V ramci projektu na vyvoj nastrojov na spracovanie informé-
cii a znalosti z heterogénnych zdrojov pouzivame organiza¢ni pamét ako
centralne ilozisko dat. V prispevku opisujeme nas pristup pri tvorbe ro-
zhrania na ontologicki ¢ast organizafnej pamite a pouzitie navrhovych
vzorov pri jeho implementéacii. Zameriavame sa na vytvorenie vrstvy pre
taky pristup k ontologii, ktory je nezavisly od implementéacie ontologic-
kého tloziska.

Krlua&ové slova RDF, ontoldgia, ontologické uloZisko, Sesame, navrhoveé
vzory

1 Uvod

V projekte NAZOU ([4]) rieSime vyvoj nastrojov pre ziskavanie, organizovanie
a udrzovanie znalosti v prostredi heterogénnych informac¢nych zdrojov. Ide o
Statnu iloha vyskumu a vyvoja, ktora je priblizne v dvoch tretinach planovaného
trvania.

Cielom projektu je navrhnit metédy na ziskavanie, organizovanie, udrziava-
nie a poskytovanie informacii z internetu a tieto met6dy implementovat formou
nastrojov. Nastroje st v projekte testované a vyhodnocované v pilotnych apli-
kéciach.

Spracovavané informécie sa tykaju ohranicenej informaénej domény. Pre otes-
tovanie nastrojov v ramci pilotnych aplikicii sme zvolili doménu pracovnych po-
niik (zbieranie pracovnych pontik na internete a poskytovanie informaécii o nich
potencidlnym uchadzafom o pracu).

Informécie ziskané z vybranych zdrojov st uloZené v systéme. Pre tento ucel
systém (pilotnd aplikicia) obsahuje tlozisko dat a informacii. Informacie pre
pouzivatelov sui poskytované z tohto tloziska. Cielova forma reprezentacie in-
formacii su §truktirované data — ontoldgia.

2 Organiza¢na pamit v projekte

Povodny navrh architektury pilotnej aplikacie predpokladal tesnt funkéna spolu-
pracu nastrojov realizovanu pomocou priamych funkénych prepojeni. Pre navrh
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takejto architektiry sa zvolila forma viacerych pohladov na aplikiciu. Boli na-
vrhnuté jej podsystémy, pripady pouzitia a komponenty. Informa¢na doména sa
zovieobecnenila na doménu pontk s archetypmi aktérov a dat — ponuka, pro-
ducent a konzument ([5]). Navrh predpokladal doménovo Specificky pristup k
udajom, teda niektoré funkéné rozhrania boli zavislé od zvolenej (aj ked zovSe-
obecnenej) domény.

Takyto navrh architektary sa ukazal v naSom projekte priamo nepouzitelny.
Dovodov bolo viacero, najmé geograficka distribuovanost vyvoja, nehomogén-
nost znalosti ¢lenov timu a ich ¢asovej alokacie v projekte, neexistencia detailné-
ho navrhu cielovej funkénosti aplikicie a potreba opakovaného pouzitia nastrojov
v inych doménach a v inej vzajomnej zostave.

Aktualna pilotné aplikicia je vytvorena na volnejsom zéklade. Ide o architek-
taru $tylu tabula (blackboard), kde nastroje st samostatné jednotky, pracujice
nad organiza¢nou pamétou a komunikujice najmé cez organiza¢ni paméit. Ta-
kéto uvolnenie vizieb medzi ndstrojmi umoznilo o.i. aj lepsiu distribuovatelnost
prac v projekte a tazisko prac sa mohlo presunit z rieSenia integra¢nych kon-
fliktov na navrh a overovanie metdd spracovania informécii. Organiza¢na paméit
sa tymto stala doélezitym centralnym prvkom.

Organiza¢né pamit sa v projekte NAZQU sklad4 z troch vrstiev: interakénej
vrstvy na vzdialeny pristup k paméiti, manipula¢nej vrstvy s programatorsky-
mi rozhraniami pre néstroje a fyzickej vrstvy, v ktorej su jednotlivé tloziska.
Fyzicka vrstva je realizovand tuloziskami troch typov ~ siborovym, rela¢nym a
ontologickym.

Pre realizaciu ontologického tloziska bol zvoleny systém Sesame ([1]). V dal-
Som texte opisujeme nas pristup pri nadvrhu rozhrania na ontologické tlozisko.

3 Ontologické rozhranie

Pri ndvrhu rozhrania na ontologické tilozisko sa brali do tivahy viaceré pozado-
vané vlastnosti:

1. Nezdwvislost od informacnej domény. Aj ked v pilotnej aplikacii pouzivame
doménu pracovnych ponik, jadro nastrojov je implementované nezévisle od
informac¢nej domény — z toho dovodu, aby sa nastroj dal pouzit aj v inej
doméne. Takto sa navrhla aj architektira néstroja, ked sa upustilo od p6-
vodnej architektiry systému.

2. Nezdvislost od 1iloZiska. Nastroje nemaju byt pevne viazané na zvolené tlo-
7isko Sesame, ale mali by byt bez vac¢gich zmien pouzitelné aj s inymi tlo-
ziskami (napr. Jena).

3. Jednoduchost. Rozhranie by malo byt jednoduché a zrozumitelné pre autorov
nastrojov.

4. Zachovanie vgkonnosti. Rozhranie nesmie zhor§it vykonnost tloziska, teda
jeho pouzitie nesmie znizit odozvu tloziska oproti pouZitiu nativneho roz-
hrania tloziska.
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5. Univerzdlnost. Rozhranie ma poskytovat vetky potrebné moznosti tiloziska,
najmai na vyhlTadévanie pomocou §pecializovanych dopytovacich jazykov, ale
ma tiez umozhovat pracu s individuami, RDF grafmi a pod.

Rozhranie na ontologiu tvoria tri vrstvy. V spodnej vrstve je nativne rozhra-
nie uloziska, v nasom pripade Sesame API, ktoré je tvorené Java rozhraniami
(interfaces) a triedami a je sucastou tloziska Sesame.

Vrchna vrstva je definiciou nezavislého rozhrania, ktoré tvori fasiddu onto-
logického uloziska pre jeho pouZivatelov (néstroje). Tato vrstva je tvorena vy-
hradne Java rozhraniami. Nastroje pre svoju pracu poznaju iba tiato vrstvu.

Stredné vrstva spéje tieto dve vrstvy — adaptuje nativne rozhranie tloziska
(spodnt vrstvu) na nezavislé rozhranie pre nastroje (vrchna vrstvu). Je tvorené
Java triedami, ktoré realizuju Java rozhrania z vrchnej vrstvy a pouzivaji Java
rozhrania a triedy zo spodnej vrstvy.

V pripade potreby pouZitia iného ontologického uloziska (ako napr. Jena)
sa spodna vrstva vymeni za nativne rozhranie uloziska (Jena API) a vytvori
sa stredna vrstva pre nové tlozisko — ti je treba implementovat nanovo. Vr-
chna vrstva sa nezmeni, ¢o umozni zmenu uloziska bez zmeny implementacie
nastrojov.

Vzhladom na tito situdciu sme pre implementéciu rozhrania pouZili najmé
navrhovy vzor Adapter ([3]), znamy aj ako Wrapper, obalova¢. Pre realizaciu
dopytovania pomocou $pecializovanych dotazovacich jazykov (ako napr. SeRQL
a RDQL) sa pouzil tento navrhovy vzor 4-krat. Jedno pouzitie vzoru umoznilo
obalit spojenie na ontologické tlozisko a d'algie tri pouzitia zabezpecuju pristup
k vysledkom dopytov (pre vysledni tabulku, riadok vyslednej tabulky a bunku
takéhoto riadku).

Okrem tohto zakladného vzoru sa pouzili aj dalsie vzory:

— Abstract Factory ([3]). Vzor je pouZity pri vytvarani spojenia na ontologické
tlozisko. Pouzitie vzoru umoziiuje dynamickii zmenu implementécie rozhra-
nia ontologického tloziska (umoziuje prechod medzi Sesame a Jena). Vyber
implementécie rozhrania je riadeny nastavenim v konfigura¢nom subore.

— Singleton (|3]). Vzor sa pouziva pri vytvarani spojenia na ontologické tilozisko
pri testovani.

— Dependency Injection ([2]). Tento vzor sa vyuZiva v projekte pre taka vza-
jomnu integraciu néastrojov, ktora umoziuje volné a konfigurovatelné vizby
medzi nimi. Vzor je mozné pouZit aj pre vytvéarenie spojenia na ontologické

ulozisko.
4 Zaver
Navrhnuté a implementované rozhranie spliia stanovené poziadavky — je ne-

zavislé od uloziska a informac¢nej domény, jednoduché a prehladné a efektiv-
ne (napr. netransformuje zbyto¢ne vysledky vyhladévania). Poskytuje potrebné
funkcie na dopytovanie ontologie a na pracu s vyrokmi (statements), RDF grafmi
a indtanciami (individuami).
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Rozhranie je v projekte realizované pre Sesame, ale d4 sa implementovat aj
pre iné ulozisko, napr. Jena. Rozhranie v sii¢asnosti poskytuje zakladné funkcie
pre pracu s ontologiou. Planujeme ho rozsirovat o dalgie funkcie, ktoré Sesame
poskytuje.

Uvazujeme tie7 s jeho rozsirovanim o funkcie na udrziavanie dat a propago-
vanie zmien v tdajoch medzi nastrojmi. Tieto funkcie by mali byt doménovo
nezavislé.

Okrem toho zvazujeme vytvorit nad nim doménovo Specifickii nadstavbu,
ktora by umoziovala jednotnii pracu s doménovymi objektmi. V tomto pripade
by v8ak doménova zavislost mala ostat na Grovni pojmov znovupouzitelnych v
inych pribuznych doménach, ako si napr. pojmy ponuka, poskytovatel ponuky,
zéujemca o ponuku, v8eobecné preferencie zaujemcu o ponuku a pod.
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Abstract. Information acquiring systems often require identifying primary
internet resources. RIDAR allows exploiting existing search engines to retrieve
links to relevant Internet resources based on users-supplied search terms or
more complicated search expressions. Details about identified resources (URL,
title, etc.) are stored into databases.

Keywords: Information Resource ldentification, Internet Search Services
Integration

Introduction

This tool exploits the potential of existing search engines to identify relevant
information resources on the Internet based on users-supplied serch terms or more
complicated search expressions. Tool can integrate any search engine which exposes
a web service API. Currently, RIDAR supports and had integrated the following
search engines: Google and Yahoo!

RIDAR provides generic interfaces which allow integrating search engines as well
as targets for storing search results (databases).

Implementations

In order to access API of any search engine, one must register to obtain an application
ID (or license key). License key must be used each time the API is accessed. License
key for Google and application ID for Yahoo was obtain just for the purpose of the
NAZOU project. Limitation of such registration is that the number of queries is
limited for each license key.

RIDAR also allows storing retrieved results into any target such as database or
generic file. Currently MySQL target is implemented in RIDAR.
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Towards ontology language handling
imperfection

Alan Eckhardt, Peter Vojtas
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Abstract. This abstract summarizes research efforts to develop a de-
scription logic sufficiently expressive and still effective to enable ontol-
ogy languages to cope with imperfection (e.g. uncertainty, user prefer-
ence, vagueness, imprecision, ...). We offer a model based on connection
between three description logic systems, classical ££ description logic,
£-£L£°® description logic with fuzzy aggregation and concepts (crisp roles)
and a variant of Bayesian description logic B-£L£. We report on some
preliminary experiments.

In this abstract we consider the phenomena of imperfection (covering uncer-
tainty, vagueness, user preference, imprecision, ...) in web modeling languages
and description logic.

In [6] we have considered querying web resources containing several vague
concepts of user’s preferences. Typical example is a user looking for a hotel
for vacation which is cheap and close to a beach (another application domain
was considered in [1]). These particular preferences need to be combined to get
an overall ordering of results. In [6] we have proposed e description logic
allowing existential restrictions, crisp roles, fuzzy concepts and fuzzy aggregation
functions. Our system is less expressive than fuzzy description logic of U. Straccia
[4] but more effective. Fuzzy roles require to use reification when representing
them in RDF and OWL languages.

As an inductive counterpart, in [5] we have investigated the problem of finding
dependencies (annotation function, fuzzy aggregation) between global classifica-
tion of resources (e.g. hotels) and multiple monotone classifications of particular
attributes (e.g. price and distance). We have used Bayesian learning and embed-
dings between different models: GAPgeneralized annotated programs of M. Kifer
and V.S. Subrahmanian [3], LP,,.,-classical logic programs with monotonicity,
BLP-Bayesian logic program of K. Kersting and L. De Raedt [2] and Bayesian
networks BN (or BN, a special monotonized version), see Fig.1. Specific induc-

! Email: peter.vojtas@mff.cuni.cz , supported by Czech IT project 1ET100300517,
1ET100300419 and MSM-0021620838
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tive methods (so far without formal model) were tested in [1].

BLP |>**> BN ‘> - > BN,

dprice.cheap ‘

2 5
[2] 5] 5
LP,,on ol GAP ‘ Jdist.close }—> vacation ‘
Fig.1 Fig.2

Assume, we have a finite ordinal preference scale T, e.g. T = {best, good, ac-
ceptable, bad, worst}.

Concept descriptions in B-EL are either T, atomic concepts, Ir.C' or a com-
plex concept can be defined by a T-Box axiom of the form C|(Cy,...,Cy).

A B-EL interpretation is a pair Z = <AZ,OI>, with nonempty domain A%
and interpretation of language elements oZ: aZ € AT, for a instance name (e.g.
hilton € AT), AT is a probability distribution over AT x T, for A a concept
(understood as a probability of A(a) = t, e.g. cheap(1000) = acceptable),
rZ C AT x AT, for r role name (roles correspond to web data and remain
crisp - imperfection comes with user concepts, e.g. price(hilton,1000)). For each
complex concept (T-Box axiom) of the form C|(C4,...,C,), there is a condi-
tional probability density p? specifying for every a € A? and every t € T and
t1,...,tn € T the value p?(C(a) = t|Ci(a) = ti,...,Cpn(a) = t,), e.g. of being
vacation(hilton) = good based on acceptable price and best distance, see Fig2.
(3r.C)* corresponds to BLP combination function max of [2].

Prelimenary experiments were done in [1] (we assume data are certain, our
interpretation of these data introduces imperfection based e.g. on user profile
and context). Classical, fuzzy and Bayesian £L£ description logic (both induction
and deduction) can be merged as in [5], see Figl.
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Abstract. The paper is aimed at overall survey of Pulse Coupled Neural
Networks (PCNNs) for dimension reduction of classification space. The
standard PCNN model and its modifications are shown.

Keywords: Pulse Coupled Neural Network, feature generation, dimension
reduction.

1 Introduction

Direct image processing in multidimensional image space is very difficult or
impossible practically. The image processing would be very complicated and its
complexity depends on dimension space of processed images. For that reason image
processing is not solved in the input space of processed images with high dimension,
in generally. Dimension reduction in our case (Fig. 1) is transformation of input
image space to feature space with lower dimension by using feature generation and
feature selection

f: R® >R 1)
where d < D, what brings the easier image processing and analysis and at the same
time the classification process will be easier, too.

It is necessary to fulfilled several criteria in the image recognition process by
using features approaches [3]:

precision of image representation by features,

e relevance and minimization of the number of features, which describe the
image,

o invariance of features against geometric transformations and distortions,

* This work was supported by Slovak Science and Technology Assistance Agency under the
contract No. APVT-51-024604 and Slovak Science Agency VEGA No. 2/7098/27.
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e minimization of computational demands of feature generation and selection

algorithms.
Input image Dimension space of
(D] otimes

‘ Feature generation I

Dimension reduction

of feature space
‘ Feature selection I d<<D

Classification El Dimension of
classification space d

Fig. 1 Image recognition process.

There are available several methods for dimension reduction that create a new
formal representation of images [3] especially Pulse Coupled Neural Networks.

2 Standard PCNN

The basic model of PCNN was proposed by Eckhorn to explain the experimentally
observed synchronous activity in the mammalian visual cortex [1]. Eckhorn defined
the new model with coupling term, synaptic connections as leaky integrators and
pulse generator called a neuromime. This model was more described by Johnson [4].
The PCNN has a fixed structure and do not need the learning typical for standard
neural networks. Generated features of PCNN are invariant to geometrical
transformations.
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Object Linking input Oy
matriz S of nearon (i, j) [

? Feeding input O OO [

of neuran i, j) ] )

Fig. 2 PCNN structure.
The standard PCNN model is described as iteration by the following equations:

F,(n)=S,+F,(n-1)-e " +V, - (M*Y(n-1), @)
Ly (M) =L (=D)L 2V, - W *Y(n-1); ®
Uji () =F;(n)- @+ 8- L (n) (4)
©;(n) =0;;(n-1)-e7 +V, -Y; (n—1) )
_rlifU;(n)>0;(n) (6)

¥iy () _{0 otherwise

where Fjj is the feeding input, L; is the linking input, n is an iteration step, S; is an
intensity of pixel i,j in the input matrix, W and M are the weight matrices, * is the
convolution operator, @ is threshold potential, Y is the output of the neuron, V, and
VE are coefficients of potentials, o; and o are decayed constants.

The main disadvantage of PCNN is difficult mathematical model with high
number of parameters and finding their optimal values for feature generation, next
high number of iteration steps in the feature generation process and problem of
feature selection with the highest information value. These problems were very often
solved through an experiment. The much better solution of this problem is to modify
the PCNN model [2, 5, 7].

3 Modified models of standard PCNN

From the set of modified models of standard PCNN was applied especially PCNN
with modified feeding input (M-PCNN) [6], Intersecting Cortical Model (ICM) [5]
and Optimized M-PCNN (OM-PCNN) [2].

The M-PCNN does not include the exponential and convolutional item for feeding
input in equation (2). The advantage of this version is the elimination of time for
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features generation and parameter reduction. The efficiency of recognition remains
comparable with standard PCNN. The M-PCNN was applied to object detection,
noise filtering and image segmentation.

The ICM is the PCNN maodification focused on object detection especially. The
ICM model is much easier in relation with standard PCNN algorithm and may be
described by terms

Kij(n) =W *Y (n-1)); = Zwijkl Y (n-1) (7)
Ulj(n):Su +tu U,J(n—1)+K,J(n) (8)
1if U (n)>Tii (n-1) ©)

Yiy () It 0 otheurwise !
Tij(n) =t T (n=1)+V; -Y;;(n) (10)

where n is iteration step, Kj the element of convolution matrix K, * is convolution
operator, W is the matrix of weight coefficients wjy, which determines
interconnection of neuron (i, j) and its neighbour neurons (k, I). S; is the intensity of
given neuron (i, j). Uj is the activation quantity of neuron, Yj; is the output quantity of
neuron, Ty is threshold potential of neuron, parametres t, at; are decay coefficients
and parameter V7 is coefficient of threshold potential.

The main goal of OM-PCNN was to reduce the number of generated features to
reach high image recognition performance. The optimization was based on the M-
PCNN, where the following disadvantages were eliminated:

1. high number of parameters and problems with their optimization,

2. optimal number of iteration steps determination,

3. the most significant feature loses its information value.
The comparison analysis for OM-PCNN and M-PCNN confirmed higher
successfulness of image recognition by O-PCNN with lower number of generated
features [2].

4 Summary

The PCNN research was focused on the PCNN optimization with aim to reduce the
number of generated features to reach high image recognition performance. The
analysis and comparison of the various PCNN models shows that the OM-PCNN is
the most suitable for the dimension reduction of classification space and invariant
image recognition.
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Abstract. The general challenges for modeling of the knowledge creation
processes are the following: all participants should get an up-to-date
understanding of the process, they should be able to make their individual and
interconnected changes of the process-related information and they should have
the possibility to reflect on the course of process and practices of working
together. Activity theory (AT) is a powerful and clarifying descriptive theory
focusing on understanding of human activity and work practices. Human
activity can be represented as a hierarchy of concepts with three levels:
activities (first level of concepts) realized through chains of actions (second
level), which are carried out through operations (third level). Knowledge
creation processes can be modeled using AT by means of the process ontology.

Keywords: Knowledge creation processes, activity theory, ontology

1 Knowledge processes

Knowledge Process (KP) is defined as a set of activities conducted during learning or
work, e.g. activities conducted for a specific purpose, or a set of ordered steps across
time intended to reach a goal or to produce a specific outcome.

Knowledge creation is one of the core aspects of learning and of the knowledge
development in general (this includes also knowledge adoption, distribution, review
and revision) within an organization. From the methodological point of view the
knowledge creation processes have been studied in different contexts [1]:

e  Carl Breiter’s knowledge building approach
e Nonaka and Takeuchi’s model of organizational knowledge creation
® Yrjd Engestrom’s theory of expansive learning based on Activity Theory.

2 Activity theory

Activity theory (AT) is a powerful and clarifying descriptive theory focusing on
understanding of human activity and work practices. It incorporates notions of
intentionality, history, mediation, collaboration and development [2].
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AT originated in the former Soviet Union in the 1920's and 1930's as a part of the
cultural-historical school of psychology founded by Vygotsky[4]. The theory provides
a powerful framework for describing and analyzing collaborative processes.

Activity systems are never static but evolve when contradictions emerge between
the elements within the activity system.

The fundamental unit of AT is the human activity that can be described as a
hierarchy of concepts with three levels [3]: activities (first level concepts) are realized
through chains of actions (second level concepts), which are carried out through
operations (third level concepts). Human activity is always directed toward a material

or ideal object satisfying a need and the subject s reflection of, and expectation to, this
object characterizes the motive of the activity.

3 Knowledge processes tool

One of the main tools in the KP-Lab* project is the so-called KP-Lab Shared Space
(ShSp) that will support the knowledge creation and innovative practices. Part of the
ShSp is the Knowledge processes tool (KPT) that provides a set of functions and
interfaces necessary for creation, management, and annotation of knowledge
processes composed from various elements.

KPT is based on the process ontology (PO) as scaffolding for modeling of the
knowledge processes. The development of PO was complex and relatively long
process, which resulted in the actually used version (see Fig.1)

KnowiedgeProcess
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Fig. 1. Final version of the process ontology

T www.kp-lab.org
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The process ontology is a part of the KP-Lab system model and this is stored

within RDFSuite [5] that is used as the knowledge repository.

Structure of the full process is visualized in form of the Gantt chart (see Fig.2), so
called Process view that is one of the possible ways how to visualize a Shared Space

(see Fig.3).
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Abstract. The main goal of this article is to present technique for constructing
expert system for UML models validation and also to present prototype named
Formal Studio. Expert system understand problematic of business process
domain and also understand UML modeling. Aim of this solution is to use it in
software development process as validation tool and also as intelligent
knowledge base based on expert system. It could be great advantage for any
software company when it could be able storing its evolving experiences from
many different projects into organization knowledge for reuse. Later extension
of this software could be targeted into intelligent agent, which could schedule,
explain or consult the best cost-efficient software solution for customers with
theirs special requirements.

Keywords: expert system, artificial intelligence, software engineering, business
process theory, UML theory, formal analysis, formal validation

1 Introduction

Language UML (Unified Modeling Language) brought new generation into
specification, realization and documentation into software development process. The
main visible facility which supports development process is separating specification
from realization. It brought new possibilities for innovations in software disciplines as
analysis, design, implementation and others software disciplines. Analysts can do
more work above domain specification and designers can utilize more advantages that
offer technology in realization. But only simple usability of UML is not immediately
warranty of successful project.
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2 ldentification and problem analysis

When company delivers large and complex software system for its customers, project
members usually becomes experts in area of software implementation. They are able
to communicate with customer in the proper level of experiences, what is the
necessary condition for supporting customer evolution. But this fact also shows how
company depends on its experts. It is common that employees changing theirs
employers (what is natural fact), but this results into evolution slowdown for software
house and also for customer. This problem belongs into more general problem named
knowledge instability [1].

Another natural problem in developments process is project complexity. It is
important to create proper business process analysis, usecase model, and many
realization models. The ideal way is to have optimized transformations between these
models, and also have efficient refinement in development process itself, based on
previous project experiences. Other problem is to share, evolve and also store this
knowledge in organization. Moreover, there is also problem with effective usability of
all knowledge in organization, how it can be used in actual project. This can be
partially done through model reviewing with other project members or models
validating with appropriate UML CASE tool (i.e. against OCL constraints). But these
solutions cannot address all problems effectively in optimized, knowledge based
software development process. The other possible solution, which has ability to exact
addressing for these problems, could be achieved through creating expert system for
software development process.

3 Expert system in model driven development

Expert system in software organization has opportunity to solve previous defined
problems. It is important to formalize different experiences obtained from different
projects, for use in future projects or also for refining actual methodology of
development process. This article is targeted into model driven development based on
UML, therefore expert system will be also targeted into this domain. Question is how
expert system could help organization to do better projects and also how it could it
eliminate knowledge instability and also knowledge complexity?

Primary thing is that expert system must understand UML domain, business process
domain and other relevant domains. This can be done, when these domains are
represented as mathematical theories in expert system. Nowadays, there are many
formalization techniques of language UML [2, 3], because it is important to remove
many lacks of weak definition of UML semantics. Above these concepts, an expert
system could be created with included validation process. This validation process is
based on proving, that UML model is mathematical model of these theories (i.e.,
language realization) [4, 5]. At first, expert system must hold these theories
(knowledge) in some appropriate form. Suitable is Skolem form, where formula is
transformed into clauses conjunction, where this form is also essential for automatical
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proving. Moreover, this formalization can be targeted into different theories based on
predicate logic, what brings opportunity to study and evolve different theories
separately.

4 The prototype

In present time, 1 work on such expert system named Formal Studio. Expert system
holds theories of business domain and also of UML and is able to validate UML
model against these theories. But this software is actually rather prototype than useful
tool for development process.

% FormalStudio v0.1 l-ﬁ“ﬂ"l‘

File View Theory Theorymodel validation

~Syntax mati

Imprt theary List Skalem form Importmodel | List Skolem form
T Theores [y | M:Modsls of thearies

| [name |version | fml-version
BankStrateqy 0.1 06

| name |version | fml-version
|» B Unified model 01 06

Predicates |Variables | Formulas | Indiduiak: | Precicates realzations |

| predicate_Te D | individual_Te

Be class 1 Increase ban

Be associatio 5 Slow approve
Be dependen
Be steterotyp
Be new exten

Validation Result 5]

Validate M |= T Cleare messages List walidation formula

~

FOOOTOR
L W
—s—oooa

OGO Gonner
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Fig. 3. Example of Formal Studio prototype. On left side is syntax part (theories which consist
of variables, predicates, and formulas) and on the left side is semantics (i.e., imported and
translated UML model).

On fig. 3 is depicted screenshot after simple UML diagram has been successfully
proved against UML theory.
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5 Conclusion and future work

Future work will be oriented into improvement of mathematical proving strategy used
in created expert system and primarily, for use of this solution into real development
process [6, 7]. Expert system in this paper shows only validation functionality without
e.g. scheduling, explaining or other parts of standard expert system functionality
which must be specified and implemented. Future work will also be oriented into
improving architecture of expert system with orientation into agent system. This
system e.g. could moreover consult cost-efficient software system solution, or it could
be extended with modal logic in validating process.
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