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Project summary 
 
An important aspect in building knowledge economy is an ability of organizations to assess their knowledge 
capital. Technologies and knowledge are becoming a key factor in productivity growth. This is the reason why 
companies support knowledge management projects in their organizations and strive to use their knowledge 
management to the largest possible extent.  
The objective of the project is to support companies heading towards the knowledge economy by extending 
existing and creating new models, algorithms, technologies and tools that can help organizations in their transition 
to a knowledge oriented corporation. Such transition should be preceded by an analysis and processing of 
information resources in organizations including documents, electronic communication and databases in an effect 
to manage and create availability and sharing of relevant information and knowledge.  
The project focuses in particular on the areas of knowledge modeling, service oriented architectures, distributed 
knowledge bases, semantic annotation, knowledge mining, case based reasoning and statistical methods. Special 
attention is devoted to processing of information resources in the Slovak language, where techniques based on 
neural networks and ontologies will be used.  
 
Scientific goals for the first period of this project 
 
1. Analysis of suitable models, methods and algorithms to support knowledge processes and processing 

of information resources in an organization.  
2. Design of methods and algorithms to support knowledge processes for knowledge management, 

support of service oriented architectures and creation of distributed knowledge bases based on 
ontologies.  

3. Design of models for searching information from documents in the Slovak language considering its 
flexibility via neural networks. 

 
 
 
 
 
 
Scientific goals for the second period of this project 
 
 
 
1. Development of methods and algorithms suitable for support of knowledge processes in organizations 

on the basis of existing analyzed methods and algorithms from the field of knowledge management, 
web services, semantics, neural networks, case based reasoning, stochastic and statistic methods.  

2. Development of models for searching documents by key words, phrases and context in the Slovak 
language considering its flexibility applying a hybrid approach on the basis of neural networks and 
document models based on ontology based document representation.  

3. Implementation of models, methods and algorithms.  
4. Development of supporting integration architecture based on the service oriented architecture 

principles.  
5. Verification of models, methods and algorithms on selected testing domain. 
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International scientific co-operation 
Institute of Informatics, Slovak Academy of Sciences in Bratislava closely cooperates with several European scientific 
institutions (Cyfronet, Krakow, Poland; Fraunhofer-Institut für Rechnerarchitektur und Softwaretechnik FIRST, Berlin, 
Germany; Universitaet Innsbruck, Institute for Computer Science, Innsbruck, Austria, CCLRC-Council for the Central 
Laboratory of the Research Councils, Chilton, England) in knowledge oriented technologies, especially in 5RP and 6RP IST 
projects, in which the institute participated in creating solutions for knowledge management, organizational memories and 
information resources processing. One of the ongoing programs is K-Wf Grid „Knowledge-based Workflow System for Grid 
Applications“ EU RTD IST FP6-511385 

Description of the project (range - maximum 5 pages) 
a) Present state of the subject 
b) Particular contribution expected 
c) Proposal of the ways to reach the project goals, including timetable 
d) Working group (comment on the choice of the research group) 
e) Description of applied methods and their explanation 

����   ����   ����   ����   ���� 
a) Present state of the subject 
The world economy is moving towards the so called knowledge economy [1], while its important feature is capability of 
organizations to appreciate their knowledge capital. Technologies and knowledge are becoming the key factors in productivity 
growth. Currently research and development in the area of semantic web, knowledge and intelligent technologies is focusing 
attention on this field. 
Knowledge Models, Modeling and Organizational Memories 

Organizational memory is an explicit, disembodied and permanent representation of crucial knowledge and information 
in organizations. Such type of memory has to enable availability, sharing and reuse by organization members working on 
individual or collective tasks. Organizational memory development has to be preceded by design of an information and 
knowledge model. Part of this model then forms a structure and properties of organizational memory data. Knowledge is 
modeled using various techniques such as knowledge ontologies [26, 27], object oriented approaches or methodologies such as 
CommonKADS [2].  

A significant aspect in the knowledge acquisition process is the use of knowledge modeling in order to structure acquired 
and evaluated knowledge that is consequently stored to be used in the future. Knowledge models are structured knowledge 
representations using symbols to represent knowledge sets and relations among them. Upon text processing, knowledge models 
are developed and knowledge tools are striving to identify fundamental objects. Basic knowledge objects are concepts, 
instances, processes (tasks, activities), attributes and values, rules and relations.  

Within organizational memories, knowledge is understood as a varying mixture of framework experience of various 
values of contextual information and basic intuition. Such mixture provides environment and framework for evaluation and 
adding of new experience and information [28]. This type of memory has to enable availability, sharing and reuse by 
organization members working on individual or collective tasks. Current approaches for modeling and development of 
organizational memory knowledge are based on the principles of semantic web, i.e. a heterogeneous approach to distributed 
knowledge either in an organization or among organizations. Semantic web provides tools and languages for development and 
management of knowledge via ontologies which creates a framework for knowledge representation that searches the line 
between sufficient expressivity and complexity of such described model. Under ontology we understand an integrated set of 
information on certain activity or interest. Common ontology types used in the web environment contain taxonomy and a set of 
derivation rules. Application of derivation rules enables to derive new knowledge from known facts. Examples of existing 
organizational memories on the basis of semantic web are Kaon[14], Racer[16], Sesame[19], Swoop [8] and Pellet[25] 
allowing users simple management of knowledge represented in OWL , RDF and RDFS [26, 27] languages. 

Distributed organizational memories play an important role in interconnection and communication among individual 
organizations in the knowledge economy and thus create new environment to support knowledge processes and processing of 
information resources. Explicit knowledge modeling via rules and scripts can simplify developmental environment for 
formation and processing of knowledge allowing thus simple creation and presentation of methods for knowledge discovery in 
organizations.  

In a knowledge oriented system it is important to have dynamic, not static unchanging knowledge and to use them 
properly in relevant situations. Electronic communication makes this possible [29]: Every organization, without exception, will 
have an e-mail infrastructure before it reaches the stage of developing an organizational memory; E-mail communication in a 
modern organization is over 78% action-oriented, according to a recent study [30]. Organizations must converge to action, and 
communication is perhaps the foundation for most organizational action [31]; Managers, and knowledge workers of all kinds, 
interact with their e-mail systems on a daily basis; Managers are motivated to achieve successful communication.  

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 an organization. Users simply receive emails in the same way as 
before, but with attached relevant knowledge to the problem which the email represents. 
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Information Resources in Organizations and their Processing  
Appropriate information resources processing in an organization is the most important part in the process of introducing 

knowledge oriented technologies into organizations. The processing depends first of all on the type of information resource, 
the knowledge application model as well as on the problem, which the resource processing results should help to resolve. 
Fundamental information resources in organizations currently include documents, electronic communication and databases. 
Most of these resources are able to be transformed to text that can be followed by application of methods for text processing in 
an effect to acquire necessary information and knowledge.  

Over the world information resource processing is the focus of many research institutions; however, this research is far 
from being finished. The English language processing is handled quite well, however in our conditions it is important to deal 
with information resource processing in the Slovak language that is still at the beginning. Another open challenge is 
appropriate use of electronic communication which does not have to serve solely as an information and knowledge resource 
but also for creation models of tasks, actors and resources within an organization. 

Information retrieval from text documents that influences knowledge system development has a great importance 
nowadays. Therefore, the number of electronic documents is permanently growing. From the year 1950, when the electronic 
documents in digital libraries were placed, methods using the document representation by Boolean model were introduced [5]. 
This was the first attempt to create an information retrieval system. Then emerged further document representations (described 
below), which enabled creation of new more effective information retrieval systems. The neural networks were also applied in 
these systems [17, 18, 22, 24]. 

The information retrieval system from text documents in a natural language on the basis of user queries enables to 
retrieve relevant documents from the document collection. For the information retrieval system it is needed to define the query 
definition manner (words, pattern forms and structured queries [5], the document representation manner and the relevant 
document retrieval system. The documents may be represented by indexation, inverted index, semantic nets and ontology, on 
the basis of intelligent agents and semantic web [7, 26, 27] etc. 

Information retrieval models can be divided into three main groups [5], namely boolean and fuzzy models [5, 4, 15], 
vector models [6, 12] and probabilistic models [3, 20]. Currently the information retrieval research inclines to document 
representation via ontologies [26, 27], in particular in the semantic web [7].  

Recently the research field of information retrieval has begun using neural networks [11, 17, 24]. They are applied 
anywhere, where there are no strict data given (different modifications of words), which complicate the information retrieval 
from the text documents and where is a need to solve the classification or prediction problem of processed, stored and retrieved 
collection of documents. These are supervised [17, 24] and unsupervised [13, 18, 23] feed-forward neural networks, recurrent 
neural networks and hierarchical neural networks [22].  

On the basis of foundations of given research field it can be mentioned that the neural networks have their place in the 
text document retrieval systems, because they create the prerequisites to simplify methods for the language analysis of the text 
and they provide effective tools to access the documents. They also found their place in hybrid approaches of representation 
and processing of the documents by neural networks and ontology [11, 22]. 

Every published method was used for the English language, where the words in the documents were processed by 
Porter’s algorithm [21]. For the Slovak language such algorithm is very complicated, because the Slovak language is very 
flexible and inflexive endings. Papers discussing the problem of the information retrieval in the Slovak language were 
published [9], while they use a linguistic approach, which is too complicated. Therefore, to address the partial problems in the 
Slovak language analysis, the neural networks can be used.  
 
Availability, Management and Sharing of Information Resources 

In order to use information and knowledge in an organization properly, it is necessary to ensure availability of 
information for users as well as interconnection with existing systems. A way of interconnection with existing and external 
systems is the use of web services seeing intensive research in the area of their extension to semantic web services [38] and 
service oriented architectures [10]. This can consequently ensure sharing of necessary information and providing of services 
among organization departments as well as external organizations (suppliers and customers). The right use of information and 
knowledge must be backed by systems for sharing knowledge among system users (found for example in projects Pellucid; 
DECOR that prepared context sensitive knowledge form archived documents; or SmartGov the stored and provided knowledge 
in context [32]) on an organizational level as well as support of cooperation among them on the basis of e-Collaboration 
solutions [33] for instance in combination with solutions based on electronic communication enabling active knowledge 
presentation on the basis of the user context.  

Another significant part is knowledge and information maintenance in an organizational memory. The knowledge 
maintenance is tied with presentation of formalized knowledge to users. A knowledge maintenance interface can be built on 
approaches based on object trees (ontology editors such as Protégé [34] or OilEd). This approach is mostly understandable to 
experts who understand the ontology. Other methods can be graph-based since most representations of formalized knowledge 
such as DAML, OWL [26] or RDF [27] use a graph structure. Examples are UML, Ontoviz Tab [35] in the Protégé editor or 
Cartoo Technologies [36] products. For knowledge maintenance interfaces also solutions based on XSL [37] transformation 
can be used. The knowledge maintenance should also support user feedback. Mechanisms such as reviewing, evaluating, 
voting or ranking on presented knowledge need to be incorporated.  
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b) Particular contribution expected 
Knowledge Modeling, Models and Organizational Memories 

In distributed knowledge bases we will direct attention first of all to research and development of distributed methods 
for storing and management of knowledge. The objective will be creation of distributed environment on the basis of peer-to-
peer networks allowing simple, scalable access and easy connection for organization users as well as inter-organizational 
interconnection. Explicit knowledge modeling via rules and scripts will simplify the development environment for knowledge 
creation and processing and thus enabling simple creation and presentation of methods for knowledge management in 
organizations.  

Ontological models supporting document and electronic communication classification and processing are expected to 
be introduced. 
 
Information Resources in Organizations and their Processing 

Expected contribution is the use of models and algorithms of neural networks and their adaptation to the Slovak 
language. It is possible to link representation of queries and documents in Slovak on the basis of document models represented 
by neural networks with domain representation of document collection via ontology; and to design powerful document 
retrieval algorithms using key words, phrases and context in the Slovak language considering its flexibility and inflexive 
endings by means of hybrid approaches on the basis of neural networks and document models based on domain representation 
using ontologies.  
 Information resources will be also processed by semantic annotation, while the focus will be on research of 
ontological metadata of information resources within designed ontological models. This should enable better categorization 
and information resources and knowledge context retrieval. 
 
Availability, Management and Sharing of Information Resources 
 The subject of the research will be prospects and approaches in sharing information and knowledge retrieved by 
processing information resources via semantic web services and service oriented architectures as well as cooperation and 
knowledge sharing among users on the basis of user context and information resources context, where we anticipate results in 
active semi-automatic retrieval of relevant information and knowledge through the designed model and context processing 
algorithms.  

Further contribution should be research in the field of knowledge maintenance and knowledge models and related 
research in the area of formalized knowledge visualization for experts and common users. This embraces development of 
approaches for evaluation and maintenance of knowledge by common users including voting or ranking on information and 
knowledge relevance. 
 
c) Proposal of the ways to reach the project goals, including timetable 
The project solution will be divided into two periods reflecting designed objectives.  

The first period is devoted to an analysis of models, methods and algorithms for information resource processing and 
support of knowledge processes in organizations. The analysis will be followed by the design of appropriated models, methods 
and algorithms. 

The second period will give models, the methods and algorithms a more specific character that will result in 
implementation. Methods, algorithms and models will be integrated in the designed architecture; this should ensure their 
coordination and work over common information resources as well as a consistent approach to final information and 
knowledge. The models, algorithms and methods will be tested and evaluated on chosen application domains. 
 
Timetable is divided to 36 months as shown in the table: 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

Period 1Period 1Period 1Period 1

1 Analysis
2 Alg & Mth Design 
3 Models Design
Period 2Period 2Period 2Period 2

1 Mth & Alg Devel
2 Models Devel
3 Implementation
4 Architecture
5 Testing & Eval  
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d) Working group (comment on the choice of the research group) 
RNDr. Michal Laclavík, PhD. - focuses on knowledge modeling, ontologies, semantic annotation and text and electronic 

communication processing via semantic technologies 
Ing. Ladislav Hluchý, PhD. - his principal research interests are the semantic web and semantic grid; and knowledge oriented 

technologies 
prof. Ing. Igor Mokriš, CSc. – his research topic is neural networks. Recently he has been dealing with information retrieval 

from text documents through neural networks, while supervising a doctoral student in this field.  
Ing. Giang Nguyen, PhD. - text processing, knowledge presentation via knowledge modeling  
Ing. Zoltán Balogh - deals with knowledge technologies such as case based reasoning, semantic web services, service oriented 

architectures and similarity measures in ontologies 
Ing. Marián Babík – his research areas are semantic web services, service oriented architectures and distributed knowledge 

bases and memories. 
Ing. Radoslav Forgáč – Dealing with neural networks, he has submitted a doctoral thesis in this subject. 
Ing. Emil Gatial – conducts research in visualization and administration of knowledge and knowledge ontologies 
Mgr. Martin Šeleng – carries out research in XML technologies and their interconnection to ontology and semantics as well as 

in stochastic and statistic modeling and statistic evaluation of information and knowledge relevance. 
Ing. Adrián  Tóth – his research interest is knowledge technologies, semantic web services and service oriented architectures. 
Ing. Lenka Skovajsová – is a doctoral student, and her research topic is information retrieval from text document in a natural 

language.   
 
e) Description of applied methods and their explanation 

The work within the project will include design and analysis of neural network models for information retrieval from 
text documents. In this area the vector models were applied most frequently, because they can be implemented in the neural 
networks structure. From these kinds of models, the vector space model was applied mainly. It was used for the information 
retrieval from the text document collection by spreading activation neural networks. A great drawback of this system in a large 
document collection can be a large dimension of keyword-document matrix, which was seen in the structure complexity of 
neural network, mainly in the number of neurons in the layers of the neural networks.  

It seems that this information retrieval method from large collections of data could be based on the latent semantic 
indexing model and on the models based on the principal component analysis and independent component analysis, which 
have the best prerequisite for the dimension reduction of the document space. It can be expected that the dimension reduction 
of the document space damages the addressing of an access to documents and by this manner disrupt the affectivity of the 
information retrieval algorithm. That is the reason why one needs to find suitable hybrid representation of documents. It 
enables their sorting and storing into domain databases of documents and also suitable representation to dimension reduction of 
information retrieval space.  

In distributed organizational bases, the design will concentrate on semantic web standards such as RDF/RDFS, OWL, 
successfully applied in several application domains. The project will strive to analyze and extend ontologies and methodology 
of their development in terms of distributed systems. Moreover, the project will analyze semantic peer-to-peer technologies 
and their setting in the organization environment. Within explicit knowledge modeling applying rules and scripts, standards for 
rule description will be maintained. These include SWRL, RuleML etc.; and common script languages Python, PHP, Perl and 
Ruby. 

Documents and electronic documentation will be processed with the semantic text annotation in an effect to enable 
defining a document and communication context to be compared to a user context and to provide relevant information and 
knowledge on the basis of found coincidence between these contexts described with the ontological model to be designed by 
methodologies such as CommonKADS. 

The ontological approach can be applied in domain representation of a large document collection that would distribute 
document representation space to smaller domain areas, homogenously focused on given document areas, simplifying thus a 
structure of neural networks performing algorithms for document retrieval and access by means of key words, phrases on 
natural language contexts.  

Results of algorithms which will run on applied and new developed models will be evaluated using statistic and 
stochastic methods. This will help us to see whether the results meet the expectations. 
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