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1. 	 Introduction

Information society has changed significantly recently. 
While a  few years ago it was difficult to gain access to the 
information, today we are overwhelmed with information 
and we are trying to find the best ways of how to organize, 
search, process, store, represent and use Big Data. We 
develop new technologies and procedures for data mining, 
we improve predictive analytics, we create new jobs (external 
and internal algorithm analytics) and we also set up new 
types of organizations (i.e. data mediators). The only thing 
that has not changed significantly is the way how users search 
information. We can assume that users search information 
using keyword(s). Interpretation of search results contents 
and type of its representation influence the popularity and 
reusability of the specific tool or service.

Database systems and information systems can be 
considered as the one of the most frequently used information 
environments. The development of database and information 
systems has a long history. Software architects and developers 
tend to use various approaches, methodologies and paradigms 
in order to implement innovative solutions. The creation of 
web sites (containing databases and information systems) 
based solely on the opinions and proposals of the application 
developers proved to be insufficient. Jacob Nielsen [1] states 
that estimates of user behavior are wrong up to 75%, which 

results into significant changes towards traditional approaches 
and puts emphasis on user requirements. The quality of the 
proposals and selected procedures is thus subject of user 
testing. Nowadays user testing has become usual part of 
development of the databases and information systems.

For this reason, it appears to be necessary to develop 
flexible and easy to maintain databases and information 
systems that can meet the requirements of users in the 
shortest possible time. In line with this trend - focusing on user 
requirements and meeting their needs we have carried out two 
separate studies. 

2. 	User oriented approach

These studies used various methods to acquire input data:
•	 Analysis,
•	 Synthesis, 
•	 Questionnaire method,
•	 Group discussions. 
and also methods for data processing:
•	 Experiment, 
•	 Data mining,
•	 Text mining.
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4 203 474 records we were able to generate 119 858 records 
of text documents from ORACLE database system. These 
text documents also had filled in the most desirable element 
-  element containing keywords.

The results of the initial analysis showed that the real 
number of relevant values of the most desired metadata 
elements provided by a database is only 1.36. According to the 
total number of records in the databases of the Slovak library 
we have judged this multiplicity as unsatisfactory, because the 
user is not able to make decision based on available metadata 
elements. It is not clear which object is subjectively relevant 
for the user, which is the major issue in the process of meeting 
information needs of the user. The size of text documents and 
the number of pages were the main criteria to identify the 
most suitable method to supplement existing Slovak library 
database on a  generated metadata element values. These 
values were necessary to create a new digital library database 
with text mining method and as criteria of deliberate choice of 
the text documents were used: 
•	 Condition 1 - filling field 650 - Topical term
•	 Condition 2 - the necessity of the existence and availability of 

digital copies of these objects. the need to obtain.

Afterward these generated objects were:
1.	 Converted to plain text -  to get rid of formatting and to 

prevent language encoding errors within Slovak language.
2.	 Each object was processed separately in the Rapid Miner 

software. By assigning the weights to each term we were 
able to get list of terms represented by chosen vector. Using 
TF-IDF option we were able to create vector based on the 
frequency and the reversed frequency of the occurrence of 
terms (words) in the document [5]. The removal of stop 
words or edit words to the basic form were not used because 
these options are not available for texts written in the Slovak 
language.

3.	 After the generation of terms, we ignored the conjunctions, 
prepositions, etc. 
The generated keywords were compared with actual values 

from metadata database elements from Slovak library. We 
identified a  percentage of their conformity. The final match 
was 77.14% which means that with a probability of 77.14% the 
generated keyword also has a tag value 650 – Topical term in 
Slovakia library database.

2.2 Study 2

The complexity of information systems (IS) is constantly 
increasing. This trend is apparent not only from the 
technological possibilities but also from the performance 
requirements that are placed on information system 
functionality. Functional requirements are based on the 

2.1 Study 1

The key source of information for final theses (bachelor, 
master or PhD) and also for degree theses (rigorous and 
habilitation) are still libraries which offer databases of printed 
and electronic objects. These objects can be obtained through 
online catalogs OPAC (online public access catalog). These 
databases contain a  large number of elements of different 
metadata schemas describing physical objects. The number of 
these objects is increasing in the process of mass digitization 
of database objects which include elements of digitalized 
objects description. In 2012 the Slovak National Library began 
mass digitization of object. Within this digitization each digital 
object contained at least two elements:
•	 Persistent identifier,
•	 Metadata Dublin Core.

Project “Digital library” calculates with the usage of 
qualified Dublin Core format and also with complete MARC21 
record which is transformed for digital repository using 
MODS with all descriptive metadata [2]. It should be noted 
that metadata elements forming part of digital libraries are 
primarily intended for the user but are also used to describe 
web pages, documents, etc. to make the search much easier.  

There was used a  traditional approach to transform 
repository in the Slovak National Library – proposal and 
implementation was done mostly by internal employees of the 
ICT (information communication technologies) department. 
During the 12th Annual Conference for Librarians called “The 
function of libraries under the changed economic conditions 
and the specific user requirements during the economic crisis” 
[3] there was discussed disappointment and user unpopularity 
over the current online library catalog. According to this 
opinion we tried to investigate the cause of the mentioned 
problem. The research was conducted by one author as a part 
of her dissertation thesis [4] the aim of which was to identify 
possibilities for obtaining bibliographic elements values during 
the objects digitization with an aim to maximize the quality and 
the quantity of delivered metadata elements values of physical 
objects within Slovak database library. And this should be done 
from a user perspective.  

Given that the use of online catalog was standardized 
and established in accordance with applicable standards and 
recommendations we focused on a content analysis of search 
results and used the user approach to solve this problem. 
That is why we focused on acquisition of the most desirable 
bibliographic elements. We also focused on identifying 
accessible bibliographic elements provided within specific 
object records in Slovak library which are actually used by the 
user during the object decision-making process. Afterwards 
we determined multiplicity of the users most desirable filled 
metadata elements of the objects from the Slovak library 
online database. From the original size of the statistical series 
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to a lower level (PIM) transformations are still not described 
in the OMG documents. Only partial results of solving the 
problem are available [7 - 10].

Within our proposed solutions, we decided to use ontology. 
Ontology as a  tool for developing IS is currently used in 
different contexts and stages which can be seen in various 
scientific articles [11 - 14].

Most systems do  not fail for technical reasons but 
because they do not address the real needs of the customers. 
The lack of the focus in the analytical stages represented 
by the CIM level (within MDA) only postpones real IS 
development problems. These problems can later occur 
during the implementation and during the maintenance of 
information systems. Organizations need to use information 
technology to support specific processes. Create support for 
these processes is not an easy task which cannot be done 
by configuring ready-made software package. That is why 
it is usually necessary to create tailor made system which 
can meet user requirements. Specific processes need to be 
logically linked to data, information and knowledge through 
the implementation of knowledge management. 

According to the information mentioned above we set the 
objective to: Design an architectural framework for information 
system solutions for knowledge management in the organization 
by using the principles of model-driven architecture (MDA) and 
ontology as a modeling language in the levels of CIM (Computer 
Independent Model) and PIM (Platform Independent Model). 
Research was conducted by one author as a  part of his 
dissertation thesis [15]. To achieve that objective, we divided 
it to the 4 partial objectives:
1.	 The use of ontologies in the IS development leads to new 

discipline - ontological engineering. Ontological engineering 
is mostly associated with knowledge engineering. If we 
consider MDA as the IS development principle - the first 
partial objective of the solution is to integrate the principles 
of MDA into ontology and knowledge engineering.

2.	 The general development of the IS according to principles of 
the ISO / IEC / IEEE 42010: 2011 standard - Systems and 
Software Engineering leads to the creation of an architectural 
framework that forms the methodology of the software-
intensive systems development. Creation of an architectural 
framework for the development of knowledge-based systems 
using ontologies with the emphasis on the modeling of CIM 
and PIM level is the second partial objective.

3.	 It is necessary to confirm the theoretical solution. Therefore, 
application of the created architectural framework within 
specific domain with experimental verification of the analysis 
and design of IS is the third partial objective.

4.	 The use of ontology as a modeling tool in MDA can remove 
the transformations between CIM and PIM levels. Validate 
and confirm the use of ontologies over other modeling 

new requirements of the users. Because the user is the one 
who is the information system developed for. However, it 
is only in those cases where the requirements of the users 
are correctly processed by business or system analysts and 
then translated into the functional specifications of IS. 
If user requirements are not processed properly, it may 
result into information system which does not meet the 
needs of organizations and further system modification and 
maintenance is difficult and costly. Nowadays it is not possible 
to focus only on functionality of information system without 
any deeper knowledge of organization’s structure and needs. 
Linking business perspective and the perspective of a specific 
information system is therefore still an interesting field of 
research.

Applying the principles of the ISO / IEC / IEEE 42010: 
2011 Standard, the developers are trying to get rid of 
problems that come with object oriented IS development by 
establishing connection between business perspective and 
software perspective in the system architecture [6]. These 
views form two partial architectures - the business architecture 
and the software architecture. Each of the partial architectures 
has different language to describe architecture. Languages for 
perspective/view description are today the mostly represented 
as graphical models and model-driven development becomes 
a fundamental principle or a paradigm of IS development.

Model Driven Architecture (MDA) is based on creation 
of models and transformations between these models. MDA 
specifies four levels of abstraction:
1.	 Computation Independent Model - CIM
2.	 Platform Independent Model - PIM
3.	 Platform Specific Model - PSM
4.	 Implementation Model - IM

Levels of abstraction mentioned above are fundamental 
paradigm of MDA. The first three levels are graphical models 
and the last level one is made of source code.

Models of different levels can be gradually transformed to 
the source code and vice versa – the changes in source code 
can be applied back in the models using inverse MDA. This 
simplifies not only the development but also the maintenance 
of such created information systems. Transformational links 
between models and source code enable to keep the models, 
source code, files and documentation in a  consistent state. 
Transformations between levels are an important aspect of 
MDA. There is a  continuous effort to semi-automate these 
transformations, or if it is possible to completely automate this 
process. With regards to the type of the MDA it is necessary to 
create transformation rules between source and target model. 
In the terms of the application of Object-Oriented Systems 
Analysis and Design – OOSAD during the IS proposal, the 
greatest emphasis is put on the PIM - PSM transformation in 
both directions. Nowadays, there are various CASE tools and 
the MDA tools that enable transformations. Top level (CIM) 
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4. 	Conclusion

The approach to generate values of the most desirable 
metadata elements for adding new digital library database is 
considered by us as a ready-to-implement solution even without 
implementing the recommendations listed in the Results and 
discussion, as we agree with the Big Data specialist opinion: 
“Rather to have a  lot of worse data than a  small amount of 
better data” [16].

According to our studies - we have confirmed that experts 
without satisfying user needs are not able to create or modify 
high quality information system. Users enter the development 
process more often than we could think. Users test even the 
partial results and their requirements shape every aspect of 
IS development. Due to this fact it is important that the user 
with his/her requirements has to be perceived as the basic 
prerequisites for the creation of IS. 

Model-driven development which includes model 
driven architecture allows to divide analysis, design and 
implementation of IS to individual models and levels which 
abstract the complexity of the IS into the smaller, transparent 
units. These units are easy to maintain and allow to clearly 
define the actual stage of the IS development.

To ensure that the models will share information it is 
necessary to create interoperability between MDA levels. This 
interoperability is provided by model transformations which 
are usually made manually. The principle of using ontology 
as a  modeling language in the model driven architecture 
enables to automate model creation and also eliminates the 
need to manually transform models within the various levels 
of abstraction.
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languages in model driven architecture is the fourth partial 
objective.

3. 	Results and discussion

In the terms of study 1 which was based on user-oriented 
digitization process and with the usage of the ultimate 
algorithm we were able to generate keywords with 77.17% 
success rate. These keywords are requested by the users. 
In the case of real usage of the proposed approach within 
Slovak library we recommend to semi-automate the process 
- employee of the library should select only those keywords 
which are in accordance with the methodology to value 
creation of metadata elements. To fully automate this process, 
it would be possible to use algorithm made by specialists in 
the field of library and information science. This algorithm 
could use controlled vocabularies, thesaurus, word weighting, 
etc. Further research could examine various options of search 
results representation which could simplify the decision 
making process within choosing the right object from searched 
records set.

According to study 2 we can assume that ontology can be 
mapped to the model independent on the computer processing 
(CIM) and also on a  Platform Independent Model (PIM). 
Consequently, it is possible to view these models in graphical 
form – as a  business processes in BPMN notation or use 
cases in UML notation. Using this concept, it is possible to 
speed up the modeling process and also eliminate the need 
for transformation between CIM and PIM levels. In order to 
fully eliminate the need for transformation the mapping has 
to be extended to the whole scope of the CIM and PIM levels 
modeling in the respect of notation, restrictions, conventions, 
standards and file types. Nevertheless, the proposed solution 
is able to consolidate, clarify and accelerate the design, 
creation and maintenance of business processes and use case 
diagrams in terms of CIM / PIM transformations and provides 
a  platform for further development in this research area. 
The advantage of the proposed solution is that the manual 
creation of the transformations between CIM and PIM levels 
is no longer necessary since all information from these levels 
are united under a single ontology. CIM and PIM levels can 
be generated directly from the ontology. Any changes made 
during the design phase of the IS are edited directly in the 
ontology and will be then reflected in the CIM/PIM models 
which are generated from this ontology.
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