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Dear readers,

You are holding the first issue of a scientific journal which originated from a cooperation
between The Faculty of Informatics at the Pan European University in Bratislava and an
association EDUCATION – SCIENCE – RESEARCH that is focusing on applications of Information
Technologies (IT).

Nowadays it would be more difficult to find any areas of human activity which we do not
apply IT to than to count those which use them. IT are multidisciplinary - within the science and
engineering discipline itself as well as in the areas where they are applied. From the broad
spectrum of different application areas, different information technology branches are
emphasized. Sometimes the Information Systems are important and another time it is Software
Engineering or Artificial Intelligence that plays a key role.

Information Systems offer even a wide range of specializations with different architectures.
They work hand in hand with Computer Systems and Networks and these are more and more
mobile. Smart phones and tablet computers are becoming our everyday partners. This topic is
closely related to the area of Telecommunications – hence the name Information and
Telecommunication Technologies (ICT). Merging computers and telecommunications allows
different forms of telepresence – from simple video conferencing to the complex geographically
distributed collaborative environments and the Cloud Computing platforms.

Historically, IT were developed together with the Control Engineering sometimes called
Engineering Cybernetics. This discipline deals with the control and automation of processes.
These processes can be simple real time temperature controller using one chip microcomputer
or the complex technological or business enterprise processes controlled by a system running at
the distributed multicomputer network.

Representative of the electronic company during his presentation at the Slovak University of
Technology said that the most wanted specialists in car electronics are software engineers – the
huge leap since the time, when the car “electronic” system represented few wires connecting car
battery with ignition, lights and window wipers.

Business processes are connected with office applications, accounting and other
calculations requiring knowledge provided traditionally by business and economy schools. For
this reason many companies seek job candidates with the deep IT knowledge and skills as well as
wide knowledge of economics, management and soft skills (T-shape professional).

The above mentioned facts illustrate the broad definition of ICT applications. We primarily
focus on application areas which are in the scope of the interest at the Pan European University.
They are involved in study and research programs at the Faculty of Economics and Business,
Faculty of Law, Faculty of MassMedia, Faculty of Psychology and finally Faculty of Informatics.
Despite the fact that the economics and business are one of the oldest targets for computer
modelling and simulation, the space for novel approaches, methods and systems exist. New
super computers and grid computing allow to simulate more complex micro and macro
economics models.
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Using ICT in the law, forensic science (criminalistics) and criminology is usually restricted to
the office applications or data bases. Collaborative work, document and project management
systems, simulating and reconstructing criminal acts and accidents, data mining, expert systems
and other workflow, modelling and artificial intelligence methods are very rare. Other aspects
are legislative problems in the fight against computer crime, illegal Internet content, data
security in computer networks and data centres, intellectual property and privacy protection.

The Internet became the most universal mass media platform, which enhances and even
replaces classic newspapers, journals, books, radio and television. New technologies e.g. virtual
and augmented reality brings new paradigms of communication by the enhancing modern
telepresence tools (video conferencing, Internet telephony and unified communication) with a
third spatial dimension. Huge information assets distributed all over the world and accessible
through the Semantic Web represents an effective and efficient form of Technology Enhanced
Learning, but can be used in the science, business and cultural heritage protection.

ICT are not only a new tool for psychologists but psychological aspects of computing - for
example in human computer interaction, social networks and dealing with the information flood
are crucial in the design of future information systems.

These are main topics we would like to focus on, but they are not strictly limited. The first
issue of the journal is heterogeneous, although in the future we plan to publish monothematic
issues focused on one or maximum two subjects. We decided to publish papers in English as well
as in Slovak or Russian languages with a brief English abstract. The main goal of the journal is to
achieve high quality research papers, concentrated on the original results. As the border
between scientific and highly innovative and creative engineering solutions in the IT is fuzzy,
preferred topics for publications are novel applications of the existing IT and new IT at known
applications with the focus in the above mentioned areas. In order to achieve this target we
welcome any comments, opinions and suggestions from you, dear authors and readers.

associate professor Martin Šperka, PhD.
Editor-in-Chief

Faculty of Informatics, Pan European University,
Navädzová 5, SK-82101 Bratislava
martin.sperka@paneurouni.com
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Jakub Breier, Ladislav Hudec

Kľúčové slová:
Ohodnotenie rizík, informačná bezpečnosť, proces analytickej hierarchie, bezpečnostné
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Abstract:

Risk evaluation approaches in information technologies are based on subjective and
qualitative methods of measurement and evaluation mainly. This paper proposes approach
based on the Analytic Hierarchy Process technique that uses level of security mechanisms
implementation as an input. By using the predefined weights of these mechanisms it will give
us overall security score in five main security attributes – confidentiality, integrity,
availability, authenticity and non-repudiability. The main purpose of this work is to bring an
objectivity into the process of the risk assessment and to provide an adequate evaluation of
implemented security controls. As a basis for our work the ISO/IEC 27002:2005 standard is
used. This standard contains the database of control objectives to which the proposed security
mechanisms are assigned.

�

Information security risks pose a serious threat to organizations dependent on their
information systems. Both known and unknown vulnerabilities can be exploited to compromise
security attributes – confidentiality, integrity, availability, authenticity or non-repudiability
of information used by organization. There exist different layers of security including physical
protection, protection by cryptography, ensuring authenticity or asset classification in order to
minimize the effect of both internal or external threats. It is necessary that responsible leaders
and managers understand their responsibilities and support the information security
management so it could improve the protection of organization assets.

There are many documents describing risk assessment techniques, they usually propo-
se theoretical approaches and provide generic guidances on choosing security controls. But they
usually fall short on describing practical aspects and giving an objective discrete-scale
evaluation. Risk managers and security professionals need formalized quantitative risk
measures and metrics, so they can efficiently and correctly measure risks. The comprehensive
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risk management framework with risk metrics would improve the risk assessment by giving
organizations and would enable easier decision making in information security management.

Our goal is to bring the objectivity into the process of the risk assessment and evaluation and
to express the security score in an organization in five basic security attributes. We used the
security mechanisms implementation score to measure the quality of implemented security
controls and the Analytic Hierarchy Process technique to express the importance of particular
mechanisms. Security controls are originated from the ISO/IEC 27002:2005 [ISO27002] standard
and we propose security mechanisms for each control objective from this standard.

The rest of this paper is structured as follows. The section 2 provides an overview of a related
work in the field of the security evaluation. The section 3 describes our approach for this
problem and defines methods used in our work. Next section 4 contains case of study of our
method and the last section 5 concludes this paper and provides a motivation for further work.

�

There exist a number of recent papers describing the security evaluation supported by some
sort of metrics or proposing an evaluation model based on quantitative criteria.

In [Sarmah2008] Sarmah et. al. constructed a formal model for organization security
patterns. This paper uses Formal Concept Analysis (FCA) [Priss1996] method to generate the
security pattern lattice that could be used as a hierarchy classification model for information
security attributes and high-level security mechanisms. The work is based on Common Criteria
for Information Technology Security Evaluation (CCITSE) [ISO15408] which serves as a
database for trusted elements used in the model. However the proposed model does not concern
about security evaluation, it only discusses the way how the information security elements
should be organized.

In [Ekelhart2009] Ekelhart et. al. propose a security ontology for organizing knowledge on
threats, safeguards, and assets. This work constructs classification for each of these groups and
creates a method for quantitative risk analysis using its own framework. The work does not use
known standards or guidelines as an input for its evaluation model, so desired mechanisms and
countermeasures have to be defined in the process of risk analysis.

The closest work, proposed by Cuihua et. al. [Cuihua2009] uses the Analytic Hierarchy
Process (AHP) and Grey Relational Analytic Process (GRAP) to combine qualitative evaluation
with quantitative decision. First it uses the AHP technique to get the security elements weights
and then it analyzes the evaluation data with GRAP. The paper is also based on CCITSE, but it
does not clarify the process of assigning weights to elements from this standard.

There exist further works using AHP as a main technique for the security evaluation
[Xu2011, Xuhua2010, Xinlan2010], these do not however, follow some well-known standard in
information security.

There is also a paper [Verendel2009] criticizing the quantitative security evaluation
approach stating that there is a lack of validation and comparison between these methods against
empirical data.

�

The methods described in this section are used for security evaluation based on security
mechanisms and metrics. This evaluation is based on the ISO/IEC 27002 standard [ISO27002].

This section is divided into two subsections, the first one 3.1 provides the overview of the
proposed model and the second one 3.2 describes the Analytic Hierarchy Process (AHP)
technique and its usage for our problem.

6 Information Technology Applications / Aplikácie informačných technológií
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�

In picture 1 we can see the main idea of our model. We select appropriate security
mechanisms for each control objective from the standard. One security mechanism can
contribute to one or more control objectives and one control objective can be supported by one
or more security mechansims. These relations are weighted, so we can adjust the influence of
each assignment. We can express this part of a model with the weighted sum:

( )CO M W Mi n

n

n= ×∑
1

, (1)

where Mn is the score of the security mechanism n and W(Mn) is its weight. As we can see in the
table 1, variable Mn can take six values in accordance to correctness of implementation and
variable W(Mn) can take values from interval [0;1]. For example, Cobit 4.1 [Cobit2007] defines
similar classification in its Maturity model for internal control, however there is no quantitative
parameter – the status of internal control implementation is expressed in a verbal way.

Fig. 1: Security mechanisms M1-Mn implement security controls desired by control objectives in
standard in order to improve the overall score of information security attributes, depicted
at the bottom.

Total sum of incoming weights to one control objective is 1. Following this proposal, each
control objective is evaluated by one value from interval [0;1], which can tell us, how the
organization successes in its implementation.

Tab. 1: Overall score of security mechanisms implementation.

Level Score Description

0 0.0 Not implemented

1 0.2 Implemented with serious defects, not working properly

2 0.4 Implemented with serious limitations

3 0.6 Implemented with minor limitations

4 0.8 Implemented well, not tested in a real environment

5 1.0 Implemented well, tested and verified in a real environment
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The other part of the picture depicts the relationship between control objectives and security
clause. The standard does not tell us anything about the importance of particular control
objectives for the security clause, however the importance cannot be distributed equally
considering just particular security attribute. We will use the weighted sum to get the evaluation
of security clauses:

( )SO CO W COi n

n

n= ×∑
1

, (2)

where variable COn is the evaluation of the control objective n and variable W(COn) is its weight.

The last part of the picture is about relationship between security clauses and security
attributes. We have chosen the way of expressing the overall security score in an organization
with standard security attributes, confidentiality, integrity, availability, authenticity and
non-repudiation in order to maximize simplicity of the result. It improves readability of the final
security report also for people who are not familiar with the ISO/IEC 27002 standard. The
security clauses are listed below together with the abbreviations used later in the text:

� Security policy (SP)

� Organization of information security (OIS)

� Asset management (AM)

� Human resources security (HRS)

� Physical and environmental security (PES)

� Communications and operations management (COM)

� Access control (AC)

� Information systems acquisition, development and maintenance (ISADM)

� Information security incident management (ISIM)

� Business continuity management (BCM)

� Compliance (CMP)

Each security clause affects each security attribute in some way. We have to add the weight
of each relation to express how significantly does the security clause contribute to particular
security attribute. We will use the following expression to evaluate the chosen security attribute:

( )SA SC W SCi n

n

n= ×∑
1

(3)

where variable SCn is the evaluation of the security clause n and variable W(SCn) is its weight.

�

Analytic Hierarchy Process (AHP) [Saaty1990] is a technique of organizing and analyzing
complex decisions. Decision factors are arranged in a hierachic structure, splitted into overall
goal, criteria, subcriteria and alternatives in successive levels. We make the judgements upon the
lowest level elements of the hierarchy in the form of paired comparisons. Following the
hierarchical structure, we compare them on a single property, without concern about the other
properties, which makes it easier to decide which one has an advantage over the other one. The
comparison is based on verbal judgements (equal, moderately more, strongly more, very
strongly more, extremely more), expressed in odd values from 1 to 9.
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We construct a matrix A of these comparisons and multiply it by vector w of weights. The
solution of Aw=nw the principal right eigenvector of A and is unique to within a multiplication
constant:

(4)

We normalize vector by dividing its components by their sum. Then we compute the largest
eigenvalue:

λmax

( )
=
=
∑ Aw

nw
i

ii

n

1
(5)

where (Aw)i represents the element i in vector (Aw).

The next step is computing the consistency index (CI):

CI
n

n
=

−
−

λmax

1
(6)

If the consistency ratio (CR), which is the ratio of CI to an index from random matrix, is
significantly small (about 10%), we accept the estimation of w. Otherwise we have to improve
the consistency.

The last step is obtaining the final ranking of the elements of the lowest (alternative) level. If
the number of alternatives is n, the number of subcriteria families in the middle level is m,
w=(w1, w2,... wm)T is the evaluation vector of all the criteria with respect to the goal level and
w=(w1, w2,... wm)T is the evaluation vector of all the alternatives with respect to family j, then the
final ranking vector of alternatives is:

w w wi j
j

n

ij= ×
=
∑

1
(7)

where i = 1,2,..,n.

This techique was previously used in several papers concerning risk assessment and security
evaluation in information systems [Fu2011, Cuihua2009, Xuhua2010, Xinlan2010]. It can be
used to analyze security decisions and to provide recommendations on investing into the right
security controls.

In our work we use the AHP to determine weights of particular security mechanisms, so we
can find out how do they contribute to security attributes. In figure 2 our model is depicted. The
model is splitted into the levels following the AHP technique. First, we define five overall goals –
security attributes. Then we assign meaningful weights to security clauses and corresponding
control objectives within each attribute. And finally, we assign weights to security mechanisms
choosed for every control objective. AHP will give us the overall score of each security
mechanism in the context of a security attribute, which will be further used as a parameter for
security evaluation.

1 2012 9
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� Case Study
The proposed method is explained on a concrete example, which can provide an overview,

how the evaluation model works. To save the space, we have chosen security attribute
availability only to illustrate the evaluation.

Fig. 2: Splitting and weight selection process following the AHP technique.

The first parameter of the model – the availability matrix – contains the paired comparisons
of security clauses. It denotes how do they contribute in ensuring availability of assets in an
organization. For example, if the comparison between Asset management (AM) and Physical
and environmental security (PES) is 3/1, it means that AM is three times more important than
PES from the availability point of view. Numbers in the matrix are estimated from the detailed
describtions of the clauses from the ISO/IEC 27002 standard.

After three consistency improvals (squaring the matrix by itself) we get the final normalized
weight vector for security clauses (numbers are rounded to three decimal places):

10 Information Technology Applications / Aplikácie informačných technológií
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We can see that the most important clauses from the availability point of view are Asset
management, Physical and environmental security, Business continuity management and
Communications and operations management.

Now we will define weights for control objectives of all the clauses concerning the
availability attribute. In this paper we will choose just one clause as an example, the Asset
management clause. The proposals of security mechanisms assignments to control objectives
within the clause are listed in table 2.

Tab. 2: Control objectives of the Asset management clause with corresponding security
mechanisms

Control objective Security mechanism ID

Inventory of assets
(IA)

Identification of all assets with their level of importance and
information about the asset

M1

Identification of ownership and information classification for
each asset – with the level of protection

M2

Ensuring the integrity of information – hashing M3

Ensuring the availability of information – backup, physical and
environmental security, redundancy

M4

Ownership of
assets (OA)

Implementation of access control policies (DAC, MAC, RBAC) M5

Implementation of non-repudiability mechanisms – operating
system level, digital signatures

M6

Implementation of accounting mechanisms – operating system
level, authentication servers (TACACS, RADIUS), network logs

M7

Implementation of authentication mechanisms – authentication
servers (TACACS, RADIUS), tokens, biometrics, passwords

M8

Acceptable use of
assets (AUA)

Identification of rules for usage of electronic devices and
computer networks

M9

Classification
guidelines (CG)

Determination of classification levels and implementation of
confidentiality mechanisms – cryptography (securing data
storages and data transmissions), steganography

M10

Information
labeling and
handling (ILH)

Definition of policies for labeling classified information –
physical and electronic labels

M11

Below is the Asset management weight matrix with the corresponding weight vector:
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Finally, we will propose weight matrices for control objectives. We have to construct only
first two matrices (for IA and OA), since the other control objectives have only one security
mechanism assigned, so their weight is 1.

And these are the corresponding weight vectors for the control objectives:

After the last round of weight assignments, we can finally construct the evaluation model.
The last step of the analytic hierarchy process is to multiply the weights on the alternative level –
the security mechanisms level – with the corresponding levels above. Following this procedure,
we will get the final weights, which can be used to express the importance of particular security
mechanisms from the availability point of view. These weights are stated in table 3.

Tab. 3: Final weights of the security mechanisms corresponding to Asset management clause.

Mechanism Particular Weight Final Weight

M1 0.129 ×0.664 ×0.236 0.020

M2 0.129 ×0.664 ×0.236 0.020

M3 0.045 ×0.664 ×0.236 0.007

M4 0.697 ×0.664 ×0.236 0.108

M5 0.531 ×0.060 ×0.236 0.008

M6 0.039 ×0.060 ×0.236 0.001

M7 0.215 ×0.060 ×0.236 0.003

M8 0.215 ×0.060 ×0.236 0.003

M9 1.0 ×0.156 ×0.236 0.037

M10 1.0 ×0.060 ×0.236 0.014

M11 1.0 ×0.060 ×0.236 0.014

The results in table 3 are illustrated in picture 3, which shows the percentual contribution of
security mechanisms to the Asset management security clause. We can see the difference
between the most and the least important security mechanism from the Asset management
clause in figure 4. It is clear that we will not improve the availability significantly even with the
highest score of the M6 mechanism, however with good implementation of M4 we can improve it
by more than 46% within the clause and by more than 10% overall.
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Fig. 3: Difference between M4 and M6 mechanisms from the view of contribution to the
availability. X-axis shows the mechanism’s score and y-axis its contribution.

Fig. 4: Contribution of particular security mechanisms to the Asset management clause.

� Discussion
We showed in the previous section that the AHP technique can provide us meaningful

results if we define proper relations between security elements. With this results we can build a
complex security evaluation system based on the score of security mechanisms that will improve
objectivism in the process of the risk assessment.

The pair-wise comparison in the AHP is a reasonable approach for deciding weights of a
complex system, such as the security evaluation system. The only problem could be the
granularity. The question is if the 9-step judgement is precise enough. Xuhua et. al. [Xuhua2010]
state this problem in their work, however they do not come to any results – following their
opinion, some people consider it as reasonable, the others indicate that the precision of this
approach is not sufficient. Xinlan et. al. [Xinlan2010] suggest to combine this approach with the
fuzzy theory, that can bring in the continuousness.
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Our approach can serve as a basis for the automatized evaluation system. After successful
determination of all weights in the model we will try to determine the metrics that measure the
quality of implemented security mechanisms. Most of these metrics should be easy to gather,
ideally in an automatic way, so after the completion of this system it could assess the security
state in an organization periodically with the minimal amount of human input.

� Conclusions
In this paper we proposed a way to evaluate the security in an organization using the

implementation level of the security mechanisms. We used the ISO/IEC 27002:2005 standard as
a database for security controls and we assigned security mechanisms to each control objective
from this standard. The Analytic Hierarchy Process technique helped us to determine proper
weights of suggested security mechanisms. These weights serve as parameters of security
evaluation model which uses mechanisms’ scores as input values.

For the evaluation based on our model can be easily constructed a software tool that will
compute the security state in an organization. Security analyst will determine the score of
security mechanisms and the model will give us meaningful values in security attributes.

In the future, we would like to automatize also the mechanisms’ scores gathering. The model
could be enhanced by extracting the useful information from the selected security metrics and
use it to determine the value of the mechanisms’ scores. We would like to test the relevance of
our settings in a real environment, by comparing our results with the known security state after
the completion of the security software tool based on our model.
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Abstract:

Graph visualization is an active and fast developing research are. Graph visualizations have
found applications in many fields, especially in fields in which the amount of structured
information is huge and difficult to understand without visualization. In this paper we
discuss the applications of graph visualization to visualize software at various levels of
abstraction. We present our software visualization approach based on hypergraph represen-
tations and related interaction methods.

�

Graph visualization has found many applications in various research and application
domains. Graphs are often used to represent information and relations between different types
of data. Although many new approaches have been published in recent years, open problem still
exist. Currently research focuses on graph-based knowledge representations, social network
analysis and other Internet related areas. A common aspect of current research is the
problematic of visualization of very huge graphs and how to present them in an interactive and
comprehensible way. Although graph visualization algorithms are often general, in specific
applications the graph layout algorithms have to be modified to empathize specific graph parts
or even vastly modified to be at least partially readable and comprehensible. Among various data
types that can be represented trough graphs, graphs can be utilized to represent software at
various levels of abstraction, ranging from source code to software development process. In this
paper we discuss problems of graph visualization and focus on applications in software
visualization. We build on previous work in which generalized graphs are used to represent
software structures and present our visualization method that is based on hypergraphs.
Hypergraphs are generalized graphs that allow to connect more than 2 nodes – commonly used
graphs, in which edges connect exactly two node, are just a special case of hypergraphs.
Hypergraphs, and other generalized graphs, are more suitable for information and knowledge
representation, because the modeled real-world relations often relate more than two objects.

In the following section we discuss open problems of graph visualization. In Section 3 we
present the software visualization field, which is followed by our approach for hypergraph-based
representation of software. We illustrate our approach with the visualization of an existing
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software system. To lower visual clutter we propose a magic lens that in combination with query
mechanism filters and highlight parts of the visualized hypergraph, but preserves contextual
information. In the last section we present our current experiments with collaborative graph
exploration environment.

�

The main problem of graph visualization is the graph’s size and density. We can categorize
graphs according their number of nodes N and number of edges E into following groups: sparse
E N< , normalN E N< <3 , denseE N>3 . However, more important than density is the size of
the graph to visualize. Due to limited display space on current monitors it is difficult to
comprehensibly display graphs contain more than 100-thousands nodes and edges, and it is
even more complicated for graphs that contain millions of nodes or more nodes than pixels
available on monitor. The graph visualization to be usable, it is often needed that information
stored in nodes are displayed as well e.g. in form of short labels, thus even more contributing to
visual clutter making the graph visualization less comprehensible. For cases where also node
content is directly visible in graph visualization, the graph layout algorithm must take into
account the spatial dimensions needed to display node’s content. For graph visualization several
basic aesthetic principles and rules have been identified that produce pleasant and more
comprehensible visualizations and are related to (Bennett, C., Ryall, J., Spalteholz, L., Gooch, A.,
2007): positioning of nodes (balanced node placement – symmetry, not overlapping nodes,
related nodes create clusters, nodes are not to close to edges etc.), edge placement (minimize
edge crossing and bending, equal edge lengths, maximize angles between edges etc.) and the
whole graph layout (maximize graph global and local symmetry, minimize layout area, adjust
layout area to display area etc.). These principles can be combined, but some combinations are
contra-productive.

Graph layout algorithms can be categorized into two categories: deterministic and
non-deterministic. Deterministic layout algorithms use exact equations to place nodes. Typical
examples of this approach are layered/hierarchical views (Herman et al, 2000), Reingold-Til-
ford’s views, cone trees (Robertson, G.G., Mackinlay, J.D., Card, S.K., 1991) and radial views
(Herman et al, 2000), tree-maps etc. Non-deterministic graph layout algorithms use a physical
model in which nodes are positioned by applying forces and their final position is reached when
the whole system reaches minimal energy state. These force-based methods consist of a physical
model and a simulation algorithm. The model defines graph nodes as physical objects that react
on forces. The simulation algorithm then iteratively applies forces and reassigns node positions
until an equilibrium state is reached. Force-based layout methods have many advantages: easily
implementable, very parametrical, modifiable by adding new forces, effective for small graphs,
produce symmetrical layouts, animation of layout preserves mental map, easily expendable into
3D. Force-based layout methods have, similarly to other methods, also disadvantages: slow for
large graphs and final layout is not predictable. The first force-based layout method was
developed by Eades (Eades, P., 1984) in which adjacent nodes are attracted by spring forces
defined by edges and nodes are repelled when no edge connects them. Various modifications of
this approach have been developed (Kaufmann, M., Wagner, D., 2001), each scaling better for
larger graphs. Recently implementations of force-based layout algorithms on GPUs allow to
layout very large graphs in very short time (Frishman, Y., Tal, A., 2007).

The visualization of common graphs often uses simple graphical elements for nodes and
lines and/or arcs for edges. However generalized graphs, e.g. hypergraphs or hierarchical
graphs, need more complicated visualizations. In our work we have focused on hypergraphs.
A hypergraph is pair H V=( , )ε where V={v1,...,vn} is a finite set and it’s members are called
nodes, and ε is a family( )Ei i I∈ of subsets of V. The members of ε are called hyperedges.

1 2012 17

Graph visualization and applications in software visualization



Fig. 1 Hypergraph drawing: (left) set-like (right) graph-like approaches.

Figure 1 illustrates two main approaches for hypergraph visualization. The hypergraph
H=(V,ε) contains five nodes V={a,b,c,d} and three hyperedges ε={{a,b,c,},{a,f},{c,d,e}}.
Visualizations displaying hyperdeges as lines or arcs are more common than the set-like
visualizations. Similarly for common graphs, we can also define a hypergraph incidence matrix.
Let H=(V,ε) be a hypergraph withm− ε edges andn V= nodes. The edge-node incidence matrix

of H is MH∈ ×M m n({ , })0 1 and defined as: m
if v E

elsei j

j i

, =
∈⎧

⎨
⎩
1

0
. Using this hypergraph incidence

matrix we can construct a bipartite incidence graph BH=(NV ∪ N,E) defined as: E={{mi,nj}:mi

∈N ε , nj ∈ Nv,mi,j=1} N m Ei iε ε= ∈{ : } N n v VV i j= ∈{ : }. Using this transformation of a hyper-
graph into a bipartite incidence graph we can utilize for hypergraph visualization all current
well-known layout algorithms for common graphs.

�

Software is not directly tangible – a well known fact that is very often mentioned to students
of software engineering. Also software developers in praxis have to deal with the intangibility of
software when developing new products or studying internals and functionality of existing
software systems. Software visualization aims at providing means for better access to software
by providing visualizations that may provide better insight into software structure and internal
software behavior. Software visualization focuses on three main software aspects: software
structure, behavior of executing processes, and the evolution of software development (Diehl,
S., 2007). Visualization of software structure provides useful insight at various levels of software
abstraction: from decomposition to modules and components, trough hierarchy of classes
towards the structure at the level of programming language constructs. Visualization of the
behavior of executing processes allows to reveal behavior not easily derivable from static source
code as program runtime may be significantly more complex depending on the computation and
data that are processed. As software evolves during development and also after deployment, it is
necessary to store information about software changes. Visualization of software evolution can
contribute to the understanding how often individual parts of the software changed, who
contributed to development and can be useful for future projects by showing how a previous
similar project was managed. Although many interesting software visualization approaches have
been published, very few of them find their applications in praxis. For example the UML
modeling language is often used for structural modeling of software. Although UML class
diagrams can be generated from source code, very few existing tools actually provide useful
visualizations and especially interaction functionality that can be useful for program analysis. In
an experimental visualization tool the authors (Šperka, M., Kapec, P., 2010) implemented a
cone-like tree visualization of a class diagram as show in Figure 2.
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Fig. 2 Visualization of an existing system (left) Sorted view of classes and their methods (right)

The left figure shows a class diagram with name-spaces, classes and their methods and
attributes. The right figure shows the same class diagram, but sorted and filtered, thus effectively
showing which classes are the most complex (based on the number of methods). The user can
freely explore the visualization by navigating a virtual camera and use sorting and filtering to
focus on class diagram elements of interest. In another interesting project (Šperka, M., Kapec, P.
Ruttkay-Nedecký, I., 2010), authors have developed a program runtime visualization system
that provides interesting 3D views how programs implemented in the Java programming
language work.
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Visualizations of program runtime can be more useful than common program debugging in
standard debbugers, because they may also show more contextual information.

Fig. 3 Factory method program elements.

The Figure 3 shows a snapshot of program runtime visualization. The four groups represent
(from left to right): a FactoryManager class; a cluster of four factories; products cluster; and
4-classes that are shared between all products. The line between a factory and a product shows
message passing between object instances. This visualization system allows to play the program
execution forth and back, to jump to a specific time and to examine the state of individual object
instances. These features are a major innovation for program debugging and are very helpful for
developers.

�

The term software is not only source code, but it also covers all software artifacts that can be
found in the software development process and contribute to the final software product. Among
various software representations the representation trough graph structures are very useful,
because they allow us to look at software as a repository of knowledge that can be queried. Graph
node’s can be used to represent individual software artifacts from source code level like
functions, classes, files, documentations, their revisions etc. to subjects found in software
development like developers, tasks, deadlines, bugs etc. Graph edges can be used to represent
relations between these software artifacts, e.g. call relations between functions, inheritance
relations, or which developer implemented which functionality, which bug he fixed or on which
tasks is he working. Although common graphs can be used, several papers propose the use of
generalized graphs. Hypergraph representations, as proposed in (Kapec, P., 2010), are more
suitable, because they borrow ideas from knowledge representation field. To illustrate the
possibilities of hypergraph representation let us consider a function from OpenGL’s API: void
glGetShaderSource(GLuint shader, GLsizei bufSize, GLsizei*length, GLchar *source) that takes
four parameters, but the length, source are used as return parameters, and of course the
parameters are ordered.
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Fig. 4 A hypergraph representation of a function.

The hypergraph representation of this function is shown in Figure 4: the relation
has_parameter is represented as a hyperedge (shown as a red node) and connects the function
glGetShaderSource with it’s parameters shader, bufSize, length and source (shown as a blue
nodes). The proposed hypergraph representation also adds hyperedge orientation a ordering
(shown as green nodes). Using this hypergraph representation it is also possible to define a
query language also based on hypergraphs as proposed in (Kapec, P., 2010). Such queries allow
to filter the hypergraph repository of software artifacts.

�

The above discussed hypergraph-based representation was used in a prototype software
visualization system and used for the visualization of an existing open-source software system
(Kapec, P., 2010). The authors were able to extract more than 1200 nodes and more than 450
hyperedges from the software system by searching only for eight node types and seven different
hyperedge types. Searching for other node/hyperedge types and in larger software systems
would certainly lead to dramatic increase in extracted artifacts and relation, thus making the
visualization more uncomprehending. The Figure 5 shows the visualization nearly of the whole
extracted hypergraph (left) and a sub-graph obtained by a query. The query searched the
extracted hypergraph for modules and main functions found in these modules. As can be seen,
the whole hypergraph visualization is difficult to comprehend; on the other hand the filtered
hypergraph clearly shows nine clusters containing modules. From these clusters we can also
easily identify the more complex modules (they contain more functions and/or functionality)
and distinguish them from simpler modules.
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Fig. 5 Hypergraph visualization of an existing open-source system (left) Results
of a query (right).

The extracted clusters containing modules where obtained by the following simple query:
defines(module:*; function:*), and the query can be read as “Find all modules that de-
fine functions and extract all these modules and functions”. Actually the query also extracts the
defines hyperedges, thus actually extracting a sub-hypergraph. As presented in (Kapec, P., 2010)
the queries can be more complex by joining such simple queries using an and operator. The
textual queries actually define a hypergraph pattern that is used by a query mechanism to search
and match in the queried hypergraph.

�

Although the query mechanism described in previous section can filter the large
hypergraph, the resulting matched sub-hypergraph may still be very large and difficult to
comprehend. Also the query removes the unwanted hypergraph parts, thus the observer looses
the global view and contextual information. For these reasons we have developed, based on
similar approaches (Bier, E. A., et al, 1994), a magic lens technique that incorporates the
discussed query mechanism. A magic lens is displayed in the screen center and is equipped with
a user specified hypergraph query. Figure 6 shows a hypergraph visualization from two different
viewpoints – both contain a magic lens that filters the hypergraph and shows and highlights only
hypergraph parts matched by the query.

The magic lens is semi-transparent, thus slightly showing also the unmatched hypergraph
parts. Also the magic lens does not cover the whole display space, thus the user can see the rest of
the hypergraph not affected by the magic lens. As can be seen from Figure 6, the original
hypergraph is not colored, but the magic lens shows some nodes in color. We have enhanced the
query language so that it is possible to set various visual attributes to matched nodes and/or
hyperedges.
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Fig. 6. A view on a hypergraph from different angles using magic lenses.

For example to find all subclasses inherited from parent A and show the label of the found
subclasses, assign color, size and transparency to them, we can write the following query:
inheritance(*{L = yes; C = [255; 255;0]; S = 3; T = 0.5} : subclass, A : parent). The visual
attributes modification part of the query is in curly brackets has the form of key = value and can
be applied either on matched nodes or hyperedges. This way the user can customize the
visualization and highlight hypergraph parts of interest.

�

We are currently experimenting with collaboration during graph exploration. We have
implemented a collaboration extension to the hypergraph visualization system that allows
multiple users to explore and navigate the visualized hypergraph over a network. The system is
based on the client-server network architecture, in which the server handles the graph layout
and sends information about node positions to clients. All clients see the visualized hypergraph
from their own perspective and the users can individually explore the hypergraph. Figure 7
shows two clients exploring the same hypergraph from different viewpoints. To increase
cooperation, we included into the visualization also graphical avatars in the form of oriented
cones that represent users in the virtual scene, thus allowing to observe the position of other
users and their behavior. From the implementation view, collaborative viewing of graphs is
complicated by the layout algorithm, because the layout algorithm is often very computation
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intensive and it is necessary to synchronize the layout algorithm with the rendering loop and
with sending layout updates over network to clients. The client-server architecture may be the
simplest; however moving to peer-to-peer architecture may open several interesting aspects. In
peer-to-peer architecture we could distribute the layout algorithm to all peers and thus utilize
their computation power.

Fig. 7. Two clients exploring the same hypergraph from different viewpoints.

�

In this paper we shortly introduced the problematic of graph and software visualization. We
presented interesting hypergraph-based representations of software artifacts and showed the
visualization of an existing software system. Our main focus was aimed at lowering visual clutter
using magic lenses. Currently the magic lens is static on screen, but we are working on multiple
overlapping and user movable lenses. We shortly discussed a prototype collaboration
environment in which we are experimenting with interaction methods for collaborative graph
exploration.

We would like to thank Zuzana Číková and Ivan Pleško for their help with the development
of magic lenses and the prototype of collaborative graph exploration.
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Abstract

For the first time, a problem of balance of the imperfect ring resonator gyro with inhomoge-
neous angular mass distribution density is considered as a discrete optimization problem and
a neural network algorithm is proposed for finding its solution. The algorithm is based on
minimization of the two-dimensional Hopfield network and is analogous to original
algorithms for solving some problems of discrete optimization, such as the traveling salesman
problem (TSP).

� Introduction
The problem of static and dynamic balance of circular objects, such as a steam turbine

wheel, an elastic ring resonator gyro, et al., arises from non-uniform angular mass or density
distribution due to technological factors. Usually, parameters of this unbalance are known and,
for example, it is possible to measure amplitudes and phases of harmonics of inhomogeneous
distribution. Then, the balance is realized with the help of mechanical, laser, or other
technologies. The simplest way to compensate the unbalance harmonics is to place or,
alternatively, to remove unequal weights uniformly located at a priori determined places on the
perimeter of the wheel (ring). The criteria of optimization is a total amount of the unbalance. So,
the problem is to find an optimal permutation of the integers corresponding to a set of positive
real numbers. This is a kind of combinatorial optimization problems for which solving no
polynomial-time algorithms are known (the NP problems).

To increase the balance accuracy, large numbers of weights should be taken. So, the brute
force or exhaustive search technique is not acceptable. Recently, a wide variety of meta-heuristic
approaches, such as neural networks algorithms [1,2], simulated annealing method [3,4],
genetic search algorithms [5,6], et al., were proposed for solving different classes of
combinatorial optimization problems. In particular, in the work [7], a thermodynamically
motivated (simulated annealing) optimization algorithm is used for balance optimization in
connection with the problem of the static balance of a steam turbine circular wheel which has
unequal weights of the turbine paddles.
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In this paper, we consider an analogous problem for the sensitive element of the ring
resonator gyro [8]. Here, for the first time we consider the latter problem as a problem of discrete
optimization and propose the use of the Hopfield recurrent neural network for finding an
optimal distribution of places where equally spaced weights on the perimeter of the elastic ring
resonator must be removed. Unlike the paper [7], we solve not only the static balance problem,
with aligning the center of masses, but also the dynamic balance problem, with simultaneous
compensation of some first harmonics of a inhomogeneous mass distribution.

The paper is organized as follows. In the first part, we consider the principle of the ring
resonator gyro operation. The second part contains the description of its balance and the
mathematical model of the simplest point-wise balance procedure, which in practice can be
realized with the use of the laser technologies. In the third part, the neural network algorithm of
static and dynamic balance is described. Some comments and perspectives of our approach are
given in the Conclusion.

� Principles of Operation of the Ring Resonator Gyro
The ring resonator gyro belongs to the class of Coriolis vibratory gyros [8] whose operating

principle is based on inertial properties of standing waves excited in elastic rings or shells. This
effect was first discovered in 1890 by Bryan for bell-shaped resonators [9]. Due to the action of
Coriolis forces, standing waves in objects rotating with angular velocity Ù precess both with
respect to the resonator and in the inertial space.

For a long time the Bryan effect was not used in practice. Only in the middle of the 1960’s the
first angular velocity gyros were constructed. Usually, these devices were based on cylindrical or
hemispherical sensitive elements [8]. Recently, ring resonators manufactured with the use of
micromechanical technologies [10] began to be the basic elements of the new type of MEMS
resonator gyros. Here we shall consider the basic principles of ring resonator gyros operation.

Equations for free oscillations of a perfect inextensible ring have the form (1)

�� �� ( )′′ − + + + ′′ =w w w w wVI IVκ2 2 0, (1)

where w=w(ϕ,t) is the normal displacement of ring masses with respect to the angular
coordinate and time; κ ρ ρ2 4= EI SR/( ); is the ring material density; S is the ring cross-section
area; E is the Young’s module; I is the moment of inertia of the cross-section with respect to the
axis of bending; R is the radius of the unstrained ring.

In the system described by the Eq. (1), standing waves with own frequencies
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can exist.

The case of the second mode excitation (Fig. 1) is most important in practice. Here the
standing wave is represented by the following expression:

w t A t( , ) (cos cos sin sin )cosϕ ϕ ϕ ϕ ϕ ω= +2 2 2 20 0 2 , (3)

where A is the standing wave amplitude; ϕ 0 is the initial angle of the standing wave;
ω κ2 6 5= / is the own frequency of oscillations.
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Figure 1. The second mode
of resonator oscillations

If we begin to rotate the basement with angular velocityΩ (Fig. 2), the antinode orientation
angle will rotate according to Eq. (4):

ϕ ϕ τ) τ0( )t d
t

= − ∫
2
5 0

Ω( . (4)

Figure 2. Initial orientation of the
standing wave excited in the ring
fixed in rotating basement

From Eq. (4) it follows that the angle of the standing wave rotation is less than the angle of
basement rotation because, in the same conditions, the solid-state body rotates through an angle

ϕ ϕ τ) τ0( )t d
t

= −∫ Ω(
0

. (5)

The factor

K =
2
5

in Eq. (4) is called the precession coefficient of the ring resonator gyro.

� Ring resonator balance
In practice, one should take into account different errors caused by mechanical,

technological, temperature, and other factors. In imperfect systems one or more physical
parameters may be inhomogeneous. Let us consider the case when material density is
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inhomogeneous with respect to the angular coordinate, i.e., ρ ρ(ϕ)= . Instead of Eq. (1) we have
the following equation for own oscillations of the ring resonator:

( �� )
�� ( ) (

ρ
ρ

κ
ρ
ρ
κ

w
w w w w w wVI IV V′⎡

⎣⎢
⎤
⎦⎥
− + + + ′′ −

′
+ ′′′2 22 2 + ′ =w ) 0. (6)

Usually it is convenient to expand the density in Fourier series

ρ ϕ ρ ε ϕ θκ( ) cos ( )= + −
=
∑0

1
k

k

K

k , (7)

where ρ0 = const; ε k and θk are amplitudes and angular orientations of harmonics.

In the general case, due to the oscillatory frequency splitting, it is not possible to excite
standing waves in the unbalanced gyro. It was established that the frequency splitting caused by
the fourth harmonic of the defect is proportional to the defect amplitude value, while the
splitting for the first, the second, and the third harmonics is proportional to squared values of
corresponding defects. Simplified scheme of mass defects is shown in Fig. 3.

Figure 3. The first four harmonics of inhomogeneous mass distribution

Thus at balancing, we must pay the main attention to the fourth harmonics of the mass
distribution defect. Here, the initially excited standing wave is destroyed and the oscillatory
process is represented as the sum of two harmonic oscillations with different frequencies
ω ω21 22, (Fig. 4):

w t A t t( , ) (cos cos sin sin )ϕ ϕ ϕω ϕ ϕω= +2 2 2 20 21 0 22 . (8)

Figure 4. Splitting of frequencies
in the imperfect ring resonator
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Two main types of the balancing are distinguished: the static balancing providing
coincidence of the mass center with the symmetry axis; the dynamic balancing for removing the
frequency splitting. The balancing follows the measurement of effects caused by mass
distribution anomalies. Then, these defects are compensated by means of the point-wise or
distributed weights removing with using mechanical, laser, ion-plasma, or chemical techno-
logies.

One of the main problems connected with the mechanical balancing is the localization of the
segment of weights removing and the weights values to be eliminated. The number of such
segments can be great enough because, for example, elimination of weight at one point on the
resonator perimeter for removing the first harmonic of the defect can cause appearance of higher
harmonics. To avoid this it is necessary to realize balance at many points with different values of
eliminated weights.

Let us rewrite Eq. (7) in the form

ρ ρ ε ϕ θ ρ ϕ ϕκ= + − = + +
= =
∑ ∑0

1
0

1
k

k
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ck sk
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k d k d kcos ( ) cos sin ), (9)

where

d k k d kck k sk k k=ε θ ε θcos sin+ .

The general statement of the problem is as follows. Given 2K real-valued positive numbers
dck, dsk (k=1,...,K). We must find 2N unknown parameters mj,ϕ j (j=1,...,N) from the following
system of 2K equations:
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Using the criteria of the least mean-square error we get the minimization functional
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If K=1 we shall solve the static balance problem or the center of masses stabilization. The
dynamic balance problem occurs if K1.

The problem of finding the optimal set of parameters mj,ϕ j (j=1,...,N) is multivariable with
a number of possible local minima.

The following variants of the point-wise balance can be considered.

1. Fixed angles: ϕ πj j N j N= =2 1/ ( , ). This model is appropriate for resonators with special

balance “teethes” on their edges. The model, it its turn, has some variants.

1.1 Initial ordered set of weights is given (the permutations problem):

m m j j N

m m m m npu j j N

j

j j

= =

≤ ≤ ≤ ≤ < ≤

( ), , ,

min max

1

1 1 21 2

Here, the optimal permutation of indexes p j Nj ( , )=1 and corresponding positions of

weights to be removed m p j( )must be found.
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1.2 Arbitrary weights:

m m m j Njmin max , , )≤ ≤ =1 .

An optimal set of weights mj must be found, which vary either with fixed discrete stepsδm or
continuously.

2. Arbitrary anglesϕ j j N( , )=1 .

2.1 equal weights:

mj = m = const, j N=1, .

Here, one should find arbitrary angles ϕ j which vary either with fixed discrete steps δϕ or

continuously.

2.2 Arbitrary weights:

m m m j Njmin max , ,≤ ≤ =1 .

In this model of the balance we must find optimal sets of weights mj and angles ϕ j , which

vary either with fixed discrete steps δm , δϕ , respectively, or continuously. This is the most

complicated optimization problem in comparison with the above mentioned problems. In
[11,12] some algorithms for solving the balance problem 2.2 are presented for a small
number of compensated harmonics (K=1,2,3,4).

We shall consider a particular case 1.1 when the weights to be removed have fixed values mj,
j = 0,1,..., N – 1 and must be located at fixed angular positions, i.e., in the nodes of the regular
mesh (Fig. 5)

ϕ
π

j jh j N h
N

= = −, , , . . . , ,0 1 1
2

.

Figure 5. Angular distribution of weights to be removed

It is not difficult to note that the total number of possible solutions, up to a symmetrical
permutations, is equal to N!(2N).

Approaches considered earlier [11,12] did not propose in the general case the single
algorithm for compensation of harmonic components of angular mass distribution. Some
methods of artificial intelligence, such as neural network algorithms, genetic algorithms [13],
simulated annealing technique [7], etc., could be useful for developing the universal balance
algorithm.
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� Balance of the ring resonator by means of the Hopfield
recurrent neural
Let us consider a possible the neural network algorithm for balance of the imperfect

resonator with inhomogeneous angular mass distribution density. It is based on minimization of
the two-dimensional Hopfield network (Fig. 6) and is analogous to original algorithms for
solving some problems of discrete optimization, such as the traveling salesman problem (TSP)
[1,2] etc.

For formalized description of the problem, we introduce the Boolean variable yij which is
equal to unity if the weight number i is removed in the angle number j, and equal to zero
otherwise.

According to the statement of the problem the following restrictions must be observed:

y j n y i nij
i

n

ij
i

n

= =
∑ ∑= ∀ ∈ = ∀ ∈

1 1
1 1 1 1, , , , (12)

where

{ }y i j nij ∈ ∈0 1 1, , , , .

Since the energy of the Hopfield network tends to minimum and, according to the statement
of the problem, we must minimize the goal function which is the linear combination of the
syntax function of the problem, minimal (equal to zero) if and only if each weight is located at
one point and at each point only one weight is located, and the quality function (mean squared
error with respect to all harmonics), then the correspondence can be established between them.

Figure 6. Two-dimensional Hopfield recurrent network with active neurons (dark color, yij=1)
corresponding to a possible “rook placement”; T is the threshold signal

According to the mentioned above correspondence let us interpret restrictions and the goal
function. As a result we get

F y F y F y( ) ( ) ( ),= +1 2 (13)

where F y1( )is the syntax function; F y2( )is the solution quality function.

The syntax function reflects the fact that in each angle strictly one weight must be removed.
It may have various forms, for example, forms, analogous to that used by Hopfield for solving the
TSP problem:
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This function achieves minimum (zero) value if each angle corresponds to one weight to be
removed and each weight to be removed is located in one angle.

The goal function characterizes the quality of a solution and has the following form:
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where θk sk ckarctg d d= ( / )are angular orientations of the defect harmonics.

In Eqs. (14), (15) a, b, c, and g are positive real-valued weight factors (usually it is
recommended to take a=b).

The recurrent Hopfield network parameters are obtained if we establish correspondence
between function (10) and the energy function of the Hopfield network. The latter is written as
[1,2]:
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Equating coefficients at linear and quadratic terms in expressions for E(y) and F(y), we
obtain weights of the Hopfield network. In the case of Eq. (14a), matching the linear terms gives
us thresholds and matching the quadratic terms give us synaptic weights:
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The Hopfield recurrent neural network dynamics equation has the form
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where the step function
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Numerical example. Numerical experiments were performed to prove efficiency of our
technique. Let us take M=N=12. The set of weights is as follows: 1,2,3,4,5,6,7,8,9,10,11,12, and,
for simplicity, in Eq. (9) all ε k =0. The Hopfield network found the following permutation of
weights: 6,7,3,10,2,11,5,8,4,9,1,12. Here, due to Eq. (11), the static unbalance with respect to the
first harmonics (the center of masses unbalance) was about 6.4·10-15. Remained unbalance with
respect to the second, third, and fourth harmonics were equal to 6.9, 4.2, 12, respectively.

If we want to pay the main attention to compensation of the particular harmonics, we just
use weight coefficients in Eqs. (15), (17) before corresponding terms. Thus, in our example, if
we want to compensate the first and the fourth harmonics, the Hopfield network gives us the
following result permutation: 7,9,10,4,2,8,5,12,3,11,1,6. Unbalance values for the first four
harmonics are 0.9, 16.1, 7.2, and 3.0, respectively.
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It should be noted that the neural network algorithm demonstrate fast convergence. Outputs
were stabilized after not greater than 5-10 iterations.

If we take a sufficiently large number weights, the network output often gives us solutions
which do note obey the problem syntax (the “rook placement”). In connection with this, the
following alternative statements of the balance problem as a combinatorial permutations
problem can be considered.

1. It is admissible to place some weights in one angle. Here, we omit the restriction of “rook
placement” when each weight to be removed corresponds strictly to one angle.

2. The first variant can be extended to the case when the number of weights M is greater than
the number of angles N.

3. The first variant can be extended to the case when the number of weights M is sufficiently
greater than the number of angles N and these weights are equal.

4. The number of weights M is less than the number of angles N. This assumption allows
modeling inhomogeneous weights distribution when some angles with absent weights
correspond to zero weights to be removed.

To achieve better results of the balance, sometimes it is advisable to adjust weights by means
of local optimization with the use of one of gradient techniques.

�

In the article, for the first time we consider the balance procedure of the ring resonator gyro
as a discrete optimization problem. Unlike some earlier proposed iteration and analytical
balance techniques, the new approach, due to its flexibility, gives the possibility to realize
different statements of the problem. A variant of combining the Hopfield neural network with
simulated annealing technique can considered (the Boltzmann machine), which partially allows
avoiding the local minima problem. Main results of the paper can be extended to the balance
procedure of other Coriolis vibratory gyros (hemisphere resonator gyro, cylindrical resonator
gyro, et al.).
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Abstrakt:

V súvislosti s rýchlo meniacimi sa hospodárskymi výsledkami krajín dostávajú sa do popredia
spracovania údajov a vizualizácie rôznych ekonomických ukazovateľov ako napríklad: údaje
zahraničného obchodu, hrubý domáci produkt, inflácia a iné údaje. Nové technológie počítačov
a softvérových produktov umožňujú prípravu údajov pre rýchlu interaktívnu vizualizáciu.
V uvedenom príspevku ukážeme niektoré možnosti, ktoré sa využívajú na analýzu a predikciu
z hľadiska spracovania štatistických databáz a vizualizácie týchto údajov.

Abstract:

In the context of rapidly changing of economic results of countries are becoming more and
more into the foreground processing and visualization of economic data, such as External
trade, Gross Domestic Product, Inflation and others. New computer technologies and
software products enable data pretreatment for fast interactive visualization. In this paper we
will show some options, which are used for the analysis and prediction in terms of database
processing and visualization of these data.

� Ekonomické údaje
Pri interaktívnej analýze zohráva dôležitú úlohu rýchlosť spracovania a vhodný grafický

aparát [4]. Prvú implementáciu systému na podporu zahraničného obchodu Slovenskej
republiky sme uskutočnili na Ministerstva hospodárstva SR (MH SR) spoločne s firmou Compaq.
Pri spracovaní ekonomických údajov vychádzame z overených dostupných údajov. V tejto časti
uvedieme zdroje údajov a možné spôsoby ich spracovania.

�

Základným zdrojom pre spracovanie ekonomických údajov Slovenska je Štatistický úrad SR
(ŠÚ SR), kde sú dostupné údaje v databáze SLOVSTAT obsahujúcej časové rady ukazovateľov
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hospodárskeho vývoja. Konkrétne údaje o zahraničnom obchode SR podľa položiek harmonizo-
vaného systému HS (v členení HS4) sú k dispozícii na stránke http://portal.statistics.sk/show-
doc.do?docid=3794. Od roku 2008 je prístupná štandardná medzinárodná klasifikácia obchodu
(podľa SITC rev. 4) v Ročenke zahraničného obchodu SR. Ostatné významné ukazovatele eko-
nomického vývoja Slovenska sú na stránke http://portal.statistics.sk/showdoc.do?docid=6626
(Hrubý domáci produkt – HDP, zamestnanosť, nezamestnanosť, inflácia a pod).

Makroekonomické údaje, ako platobná bilancia, zahraničná zadlženosť, priame zahraničné
investície a pod., sú na stránke Národnej banky SR http://www.nbs.sk/sk/statisticke-udaje/
statistika-platobnej-bilancie .

Pre krajiny EÚ sa dajú vyhľadať údaje v databáze EUROSTAT s dátami zahraničného obcho-
du na stránke http://epp.eurostat.ec.europa.eu/newxtweb/ a údaje o HDP na stránke
http://epp.eurostat.ec.europa.eu/portal/page/portal/national_accounts/data/main_tables .

V prípade krajín, ktoré nie sú členmi EÚ, sú za poskytovanie štatistík zodpovedné medziná-
rodné organizácie ako OSN, MMF a OECD. Mnohé krajiny publikujú podrobné štatistické údaje
v databázach na stránkach prístupných vyhľadaním statistics a meno krajiny.

Štatistické údaje z rôznych databáz sa môžu čiastočne vzájomne od seba líšiť, nakoľko môžu
byť spracované podľa rôznych metodík.

�

Podľa výberu databázy, v ktorej sa budú údaje spracovávať, je vhodné predpripraviť údaje
pre rýchly prístup. Pravidelne je potrebné nové údaje aktualizovať a prípadne revidované údaje
upravovať. Sú dva možné prístupy, pri prvom prístupe sa ukladané údaje neprepisujú a je možno
sa vrátiť do systému k historickým údajom, v druhom prípade sa revidované údaje prepisujú.

Napríklad Oracle Discoverer má dva nástroje Discoverer User Edition (ďalej UE) a Discove-
rer Administration Edition (ďalej AE). Discoverer AE slúži pre prípravu a ďalšiu správu vrstvy
koncového užívateľa. Pracovné prostredie je rozdelené do logických častí nazývaných Business
Area (oblasti), obsahujúce podmnožinu objektov Dátového skladu. Discoverer UE predstavuje
graficky orientovaný nástroj koncového používateľa na prístup k dátam pre vyhľadávanie.
Umožňuje koncovým používateľom jednoduchým spôsobom a bez znalostí programovania a ja-
zyka SQL vyhľadávať, zobrazovať a analyzovať informácie v databázach.

Napríklad pre prípravu údajov zahraničného obchodu sme definovali oblasti rozdelené do
logických celkov a hierarchických štruktúr: Zahraničný obchod – export, import; Dátum – rok,
mesiac; Komodity – komodity, HS2, HS4; Krajina obchodu – meno.

Je možné prípravu údajov uskutočniť aj v iných databázach, prípadne pri určitom obmedze-
ní systému údaje upraviť aj v databáze MS Access a využívať možnosti vizualizácie poskytujúce
programom MS Excel.

� Program na podporu zahraničného obchodu
Vstupom Slovenska do EÚ sa zmenila metodika štatistického zisťovania zahraničného ob-

chodu. Zahraničný obchod medzi členskými krajinami EÚ je vykazovaný prostredníctvom sys-
tému Intrastat a zahraničný obchod s tretími krajinami prostredníctvom systému Extrastat.

V roku 2005 na MH SR sme museli implementovať nový systém na podporu zahraničného
obchodu využívajúci všetky prostriedky systému Oracle Discoverer, do ktorého boli prenesené
všetky historické údaje o zahraničnom obchode. V tom istom roku sme zaškolili pracovníkov
ministerstva do tohto systému [2].
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�

Nový systém podpory zahraničného obchodu naplno využíval interaktívne možnosti data-
bázy Oracle. Dátový sklad poskytoval nástroje pre on-line analýzu zahrňujúce predovšetkým
analýzy trendov. Program bol využívaný pri mesačných správach MH SR (t.j. Vývoj zahraničné-
ho obchodu SR, ktorý je zverejňovaný na web stránke ministerstva http://www.mhsr.sk/
vysledky-zahranicneho-obchodu-6739/128424s), ako aj pre oblasť obchodnej politiky Sloven-
ska k EÚ inštitúciám.

Systém sme rozšírili o lepšiu vizualizáciu údajov. Autorom článku bol vypracovaný systém
prenosu mesačných informácií o vývoji zahraničného obchodu SR na Zastupiteľské úrady SR
v zahraničí pre obchodných radcov [3]. Okrem toho sme vytvorili špeciálnu vizualizáciu údajov
pre materiály na rokovanie vlády SR „Správa o vývoji zahraničného obchodu SR a jeho pozície v
rámci EÚ“ (roky 2004, 2005 a 2006), ktoré sú publikované na internete Úradu vlády SR:

http://www.rokovanie.sk/Rokovanie.aspx/BodRokovaniaDetail?idMaterial=11818

http://www.rokovanie.sk/Rokovanie.aspx/BodRokovaniaDetail?idMaterial=4315

Taktiež podklady štatistických údajov pre obchodných radcov SR v zahraničí tzv. „Exportný
plán“. Ako príklad uvádzame materiály Exportný plán teritória zverejnené na MZV SR
http://www.mhsr.sk/exportny-plan-teritoria-na-rok-2009-6775/128460s

Uvedené aplikácie sú typom klientskych manažérskych aplikácií, ktoré integrujú dôležité
dátové zdroje. S tým sú spojené aj špecifické nároky na vhodnú prezentáciu informácií.

� Vizualizácia
Veľké množstvo hospodárskych údajov bolo nutné pre interaktívnu analýzu upraviť, spraco-

vať a hierarchicky usporiadať. Preto sme pri správach na rokovanie vlády SR vychádzali z vlast-
ných upravených databáz. Špeciálne sme sa sústredili na analýzu a vhodné zobrazovacie metó-
dy údajov zahraničného obchodu.

�

Materiál „Správa o vývoji zahraničného obchodu SR za rok 2005“ analyzoval ekonomický
vývoj SR ako HDP, infláciu, nezamestnanosť a zahraničný obchod po vstupe SR do EÚ. Naprí-
klad nasledujúci graf zobrazoval vývoj inflácie za päť rokov od roku 2001 do roku 2005.

Obrázok č. 1: Priemerná miera inflácie v SR v rokoch 2001 až 2005
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�

Správa o vývoji zahraničného obchodu podrobnejšie rozoberala tiež teritoriálnu štruktúru
z pohľadu zoskupení krajín v Európe a vo svete z hľadiska vývozu a dovozu. Komoditná štruktú-
ra zahraničného obchodu informovala o najvýznamnejších tovaroch s najväčším podielom na
vývoze a dovoze v roku 2005 a o vývoji zahraničného obchodu v čase od roku 2001 do roku 2005.
Ako jeden z príkladov vizualizácie je znázornený graf exportu tovarov zo SR pre HS2 – 87 Vozid-
lá, ako aj v podrobnejšom členení podľa HS4 pre Osobné automobily a ďalšie komodity.

Obrázok č. 2: Export komodít kapitoly 87 Vozidlá zo SR v rokoch 2001 až 2005

V závere správy bola uvedená predikcia vývoja vybraných makroekonomických ukazovate-
ľov a bilancie tovarov a služieb na roky 2006 a 2007 a predpoklady realizácie prognózovaného
vývoja a možné riziká. Vizualizácie údajov poskytli vhodný aparát pre analýzu a prognózu úda-
jov makroekonomického vývoja SR, ktoré sa skutočne priblížili k hodnotám dosiahnutých
v roku 2006 a 2007.

�

V tejto časti ilustrujeme grafické možnosti pre analýzu a predikciu na príklade údajov zahra-
ničného obchodu z da-
tabázy Oracle Discove-
rer, ktoré využívajú
prostredie MS Excel
a zobrazujú v reálnom
čase zahraničný ob-
chod medzi Sloven-
skom a Nórskom v čle-
není HS2 a HS4. Výbe-
rom krajiny sa nám na
príklade zobrazí vývoz
najvýznamnejších ko-
modít zo Slovenska do
Nórska.

Obrázok č. 3: Vývoz ko-
modít podľa kapitol
HS2 zo SR do Nórska
v roku 2009 a 2010
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Vhodná vizualizácia údajov dáva aj dobrú interpretáciu pre analýzu. Ako je vidieť z obrázku
výrazný nárast exportu v roku 2010 bol pre vozidlá. Ak by nás zaujímala otázka, ako sa vyvíjal
export mesačne alebo štvrťročne, na to slúži vizualizácia údajov na nasledujúcom obrázku.

Obrázok č. 4: Kvartálny export komodít kapitoly 87 Vozidlá zo SR do Nórska
v rokoch 2009 až 2011

Na časovej osi sú zobrazené štvrťročné údaje od začiatku roka 2009. Z uvedeného grafu sa
dajú jednoducho interpretovať niektoré skutočnosti pre vozidlá (HS2 – 87). Napríklad je vidieť
výrazný nárast osobných automobilov (HS4 – 8703). Postupným znižovaním vplyvu svetovej
hospodárskej krízy začal nárast exportu automobilov do Nórska už koncom roku 2009 a v roku
2010 ich export sa udržal na pomerne vysokej úrovni, avšak v nasledujúcom roku 2011 začal po-
stupne klesať.

Technológia dátových skladov predstavuje v súčasnej dobe jeden z najvýznamnejších tren-
dov v rozvoji informačných systémov. Dôležitú úlohu pritom zohráva interakcia a vizualizácia
údajov pre analýzu.

�

Na Fakulte informatiky PEVŠ pripravujeme nový obdobný systém, ktorý by využíval všetky
dostupné časové rady ukazovateľov hospodárskeho vývoja krajín, ktoré zohrávajú významnú
úlohu v rámci celosvetového vývoja. Tento systém bude slúžiť pre študentov Fakulty informati-
ky a Fakulty ekonómie a podnikania PEVŠ.
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Ìîäåëè ñèñòåìû

áåçîïàñíîñòè ýëåêòðîííîãî îáó÷åíèÿ

Çóåâ Â.È. (Vladimir I. Zuev)

The present article concerns methods and models that are useful when analyzing the risks
and vulnerabilities of complex e-learning systems in a emergency management context.
Definitions of vulnerability and emergency response capabilities, such as “VLE/PLE attack
surface”, are suggested.

Article provides insight into some of the issues related to analysis of risks and vulnerabilities
of e-learning systems, but more research is needed to address this difficult and comprehensive
task.

Õàðàêòåðíîé îñîáåííîñòüþ ñîâðåìåííîãî îáðàçîâàòåëüíîãî ïðîöåññà ÿâëÿåòñÿ ïåðåíîñ

ìåòîäîâ è òåõíîëîãèé ýëåêòðîííîãî îáó÷åíèÿ (e-learning) â òðàäèöèîííûå îáðàçîâàòåëüíûå

ñðåäû. Òàêèì îáðàçîì, ïðîèñõîäèò òðàíñëÿöèÿ â òðàäèöèîííîå îáðàçîâàòåëüíîå ïðîñòðàíñòâî

ñèñòåìíûõ ïðèçíàêîâ ýëåêòðîííîãî îáó÷åíèÿ, áàçèðóþùåãîñÿ íà èñïîëüçîâàíèè íîâåéøèõ

öèôðîâûõ òåõíîëîãèé è óñòðîéñòâ. Òåõíîëîãè÷åñêîå óñëîæíåíèå îáðàçîâàòåëüíîãî ïðîöåññà,

ïåðåõîä ê ýëåêòðîííîìó îáó÷åíèþ íåèçáåæíî âëå÷åò çà ñîáîé ðîñò óÿçâèìîñòè ñèñòåìû.

Ïðè÷åì, íà ýòîì ýòàïå ïðîèñõîäèò èíòåðôåðåíöèÿ òðàäèöèîííûõ ðèñêîâ ñèñòåìû îáðàçîâàíèÿ

(ïåäàãîãè÷åñêèõ, ïñèõîëîãè÷åñêèõ è ïð.) ñ ðèñêàìè, õàðàêòåðíûìè, â ïåðâóþ î÷åðåäü äëÿ

ÈÒ-ñôåðû. Äëÿ ñîçäàíèÿ àäåêâàòíîé çàùèòû ñèñòåìû ýëåêòðîííîãî îáó÷åíèÿ íåîáõîäèìî

ïîïûòàòüñÿ ïîñòðîèòü, â ïåðâóþ î÷åðåäü, ìîäåëü ýëåêòðîííîãî ó÷åáíîãî çàâåäåíèÿ è âûáðàòü

ìåòðèêè, îïðåäåëÿþùèå ïàðàìåòðû áåçîïàñíîñòè.

Îïðåäåëèì íåêîòîðûå ñïåöèôè÷åñêèå ÷åðòû ýëåêòðîííîãî îáó÷åíèÿ â ñðåäå Web 2.0. Ýòî,

ïðåæäå âñåãî:

� àêòèâíîå ó÷àñòèå îáó÷àþùèõñÿ â ñîçäàíèè è íàïîëíåíèè áàç ó÷åáíûõ ìàòåðèàëîâ,

� âîçìîæíîñòü ïèðèíãîâîãî âçàèìîäåéñòâèÿ ìåæäó îáó÷àþùèìèñÿ,

� îáúåäèíåíèå ðàçíîðîäíûõ ïîòîêîâ ó÷åáíîé èíôîðìàöèè,

� ñî÷åòàíèå ôîðìàëüíîãî è íåôîðìàëüíîãî îáó÷åíèÿ,

� èñïîëüçîâàíèå ñîöèàëüíûõ ñåðâèñîâ.

Öåïî÷êà ïîòîêà çíàíèé â ïðîöåññå ýëåêòðîííîãî îáó÷åíèÿ âêëþ÷àåò â ñåáÿ êîìïüþòåðû,

êàê ôèçè÷åñêèå íîñèòåëè è õðàíèëèùà èíôîðìàöèè, Èíòðàíåò è Èíòåðíåò, êàê ñðåäó ïåðåäà÷è

è, îïÿòü æå, õðàíåíèÿ èíôîðìàöèè. Êðîìå òîãî, íåîáõîäèìî ïðèíèìàòü âî âíèìàíèå

àðõèòåêòóðó òàêèõ âèðòóàëüíûõ îáðàçîâàíèé, êàê èíôîðìàöèîííî-îáðàçîâàòåëüíàÿ ñðåäà
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ó÷åáíîãî çàâåäåíèÿ, ïåðñîíàëüíàÿ îáðàçîâàòåëüíàÿ ñðåäà ó÷àùåãîñÿ è ïåðñîíàëüíàÿ ñðåäà

ïðåïîäàâàòåëÿ.

Èíôîðìàöèîííî-îáðàçîâàòåëüíàÿ ñðåäà ñîâðåìåííîãî ÂÓÇà äîëæíà îáåñïå÷èâàòü:

� àäåêâàòíîå íàïîëíåíèå ó÷åáíîãî ïðîñòðàíñòâà ìóëüòèìåäèéíûìè ðåñóðñàìè,

� àêòóàëèçàöèþ è âåðèôèêàöèþ ïîñëåäíèõ,

� óäîáñòâî ðàáîòû ñ ó÷åáíûìè îáúåêòàìè,

� ãèáêîñòü ó÷åáíîé òðàåêòîðèè ñòóäåíòà,

� âîçìîæíîñòü àäåêâàòíîé îöåíêè çíàíèé ó÷àùåãîñÿ,

� íàäåæíóþ îáðàòíóþ ñâÿçü «ïðåïîäàâàòåëü-ó÷àùèéñÿ»,

� çàùèòó ïåðñîíàëüíûõ äàííûõ ñòóäåíòà, è ò.ä.

Âñå ïåðå÷èñëåííûå âûøå ýëåìåíòû òåõíîëîãè÷åñêîé öåïî÷êè ÿâëÿþòñÿ ïîòåíöèàëüíûìè

îáúåêòàìè âçëîìà, àòàêè, ïîñëåäóþùåé íåàâòîðèçîâàííîé ìîäèôèêàöèè è, â ïðåäåëüíîì

ñëó÷àå, óíè÷òîæåíèÿ. Êðîìå ýòîãî, àäìèíèñòðàöèÿ ó÷åáíîãî çàâåäåíèÿ, ðåàëèçóþùåãî äè-

ñòàíöèîííûå îáðàçîâàòåëüíûå òåõíîëîãèè, äîëæíà ðåøàòü âîïðîñû, ñâÿçàííûå ñ àóòåíòèôè-

êàöèåé ñòóäåíòà, íåäîáðîñîâåñòíûì âûïîëíåíèåì ïîñëåäíèì ó÷åáíûõ çàäàíèé (ïëàãèàò),

à òàêæå ñ çàùèòîé àâòîðñêèõ ïðàâ íà ìàòåðèàëû ïðîôåññîðñêî-ïðåïîäàâàòåëüñêîãî ñîñòàâà,

ðàçìåùåííûå â Ñåòè. Ïðè ýòîì âîçíèêàåò íåîáõîäèìîñòü çàùèòû êàê öåëîñòíîñòè ýëåêòðîííûõ

ðåñóðñîâ (ó÷åáíûõ, èíôîðìàöèîííûõ), òàê è îáåñïå÷åíèÿ áåñïåðåáîéíîãî ôóíêöèîíèðîâàíèÿ

àâòîìàòèçèðîâàííûõ ñèñòåì óïðàâëåíèÿ ó÷åáíûì ïðîöåññîì, êîíòåíòîì îáðàçîâàòåëüíîãî

ñàéòà è ò.ä.

Ñàìûå îáùèå òðåáîâàíèÿ ê ñèñòåìå áåçîïàñíîñòè ýëåêòðîííîãî îáó÷åíèÿ ïîäðàçóìåâàþò

ñëåäóþùåå:

� Çàùèòà äîëæíà áûòü, â ïåðâóþ î÷åðåäü, îðèåíòèðîâàíà íà îòðàæåíèå íàèáîëåå âåðîÿòíûõ

è ðàçðóøèòåëüíûõ àòàê;

� Ñèñòåìà çàùèòû äîëæíà îáåñïå÷èâàòü íåïðåðûâíûé êîíòðîëü ñîñòîÿíèÿ ýëåêòðîííîãî

ÂÓÇà, âûÿâëÿÿ ìàëåéøèå íåñàíêöèîíèðîâàííûå èçìåíåíèÿ;

� Äëÿ àäåêâàòíîãî è áûñòðîãî ðåàãèðîâàíèÿ íà óãðîçû ñèñòåìà çàùèòû äîëæíà áûòü

ìàêñèìàëüíî àâòîìàòèçèðîâàíà;

� Îñîáóþ âàæíîñòü ïðèîáðåòàåò ïðèìåíåíèå ýëåìåíòîâ äåëîâîé ðàçâåäêè (Business

Intelligence) äëÿ àíàëèçà ñîñòîÿíèÿ áåçîïàñíîñòè âî âñåì ìíîæåñòâå ýëåêòðîííûõ ó÷åáíûõ

çàâåäåíèé ñ öåëüþ âûÿâëåíèÿ âîçìîæíûõ çëîâðåäíûõ òðåíäîâ;

� Äëÿ îïåðàòèâíîé îöåíêè ýôôåêòèâíîñòè ñîñòîÿíèÿ ñèñòåìû çàùèòû äîëæíû áûòü

îïðåäåëåíû ñîîòâåòñòâóþùèå êîëè÷åñòâåííûå õàðàêòåðèñòèêè (ìåòðèêè).

Òðàäèöèîííûé ïîäõîä ê ðàññìîòðåíèþ áåçîïàñíîñòè ýëåêòðîííîãî îáó÷åíèÿ âêëþ÷àåò

â ñåáÿ ñëåäóþùèå êîìïîíåíòû [1]:

� èíôîðìàöèîííàÿ áåçîïàñíîñòü ýëåêòðîííîãî îáó÷åíèÿ,

� ïñèõîëîãè÷åñêàÿ áåçîïàñíîñòü ýëåêòðîííîãî îáó÷åíèÿ,

� äèäàêòè÷åñêàÿ áåçîïàñíîñòü ýëåêòðîííîãî îáó÷åíèÿ,

� ôèçè÷åñêàÿ áåçîïàñíîñòü ýëåêòðîííîãî îáó÷åíèÿ.

Ìåæäó òåì, âîçìîæíî è èíòåãðàëüíîå ðàññìîòðåíèå ýòîé ïðîáëåìû, ïîäðàçóìåâàþùåå

âûäåëåíèå íàèáîëåå îáùèõ, õàðàêòåðíûõ ýëåìåíòîâ ñèñòåìû áåçîïàñíîñòè e-learning.
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Êàê ïðàâèëî, âñå òðåáîâàíèÿ îáåñïå÷åíèÿ áåçîïàñíîñòè ýëåêòðîííîãî îáó÷åíèÿ ñâîäÿòñÿ

ê îñíîâíûì ÷åòûðåì, íåçíà÷èòåëüíî îòëè÷àþùèìñÿ îò òðèàäû AIC èíôîðìàöèîííîé

áåçîïàñíîñòè. Ýòî:

� Îáåñïå÷åíèå ñåêðåòíîñòè (ïîëüçîâàòåëü ìîæåò ïîëó÷èòü äîñòóï ëèøü ê òåì îáúåêòàì,

ê êîòîðûì åìó ýòîò äîñòóï ðàçðåøåí);

� Îáåñïå÷åíèå öåëîñòíîñòè (òîëüêî àâòîðèçîâàííûå ïîëüçîâàòåëè ìîãóò îñóùåñòâëÿòü

ìîäèôèêàöèþ èíôîðìàöèè è ïðîãðàìì);

� Îáåñïå÷åíèå äîñòóïíîñòè (ðàáîòîñïîñîáíîñòü ïðèëîæåíèé è ïðîãðàìì ðåçêî ñíèæàåòñÿ â

ðåçóëüòàòå àòàê);

� Îáåñïå÷åíèå øòàòíîé ðàáîòû ïðèëîæåíèÿ â ñîîòâåòñòâèè ñ çàëîæåííûì àëãîðèòìîì.

Ìîæíî ïåðå÷èñëèòü ñëåäóþùèå óÿçâèìîñòè ñèñòåìû e-learning, ýòî:

� Óÿçâèìîñòü ôèçè÷åñêîé (hardware) èíôðàñòðóêòóðû;

� Óÿçâèìîñòü ïðîãðàììíîãî îáåñïå÷åíèÿ;

� Óÿçâèìîñòü ÷åëîâå÷åñêèõ ðåñóðñîâ;

� Óÿçâèìîñòü áàç äàííûõ;

� Óÿçâèìîñòü ïåðåä äåéñòâèåì ïðèðîäíûõ ôàêòîðîâ.

Ïðè ýòîì, áåçîïàñíîñòü èíôîðìàöèîííîé ñèñòåìû ýëåêòðîííîãî îáó÷åíèÿ äîëæíà áûòü

îáåñïå÷åíà íà íåñêîëüêèõ óðîâíÿõ:

� Óðîâíå ñåòåâîé èíôðàñòðóêòóðû,

� Óðîâíå îïåðàöèîííîé ñèñòåìû è áàçîâûõ ñåðâèñîâ,

� Óðîâíå ïðèëîæåíèé,

� Óðîâíå áàç äàííûõ.

Íèæå ïåðå÷èñëåíû ñëåäóþùèå òèïè÷íûå óãðîçû íîðìàëüíîìó ôóíêöèîíèðîâàíèþ ñèñòå-

ìû ýëåêòðîííîãî îáó÷åíèÿ:

� Íåàâòîðèçîâàííûé äîñòóï ê öèôðîâîìó êîíòåíòó (íåàâòîðèçîâàííîå êîïèðîâàíèå

è ìîäèôèêàöèÿ äàííûõ), âêëþ÷àÿ ôèçè÷åñêèé äîñòóï ê ñåðâåðàì.

� Íàðóøåíèå öåëîñòíîñòè è íåàäåêâàòíîñòü ó÷åáíûõ ðåñóðñîâ (÷àñòî ýëåêòðîííûå ó÷åáíûå

ïîñîáèÿ, íàðÿäó ñ ðåñóðñàìè Èíòåðíåòà, ÿâëÿþòñÿ îñíîâíûìè èñòî÷íèêàìè ó÷åáíîé

èíôîðìàöèè äëÿ ñòóäåíòà)

� Íàðóøåíèå áåçîïàñíîñòè ïðîöåäóð òåñòèðîâàíèÿ è ýëåêòðîííûõ ýêçàìåíîâ (ïðîáëåìû

èäåíòèôèêàöèè ñòóäåíòîâ, ñïèñûâàíèÿ, ïëàãèàòà è àäåêâàòíîãî ôóíêöèîíèðîâàíèÿ

ñèñòåìû îöåíèâàíèÿ çíàíèé)

� Íàðóøåíèå íîðìàëüíîãî ôóíêöèîíèðîâàíèÿ ñëóæá è ñåðâèñîâ ó÷åáíîãî çàâåäåíèÿ.

� Íàðóøåíèå çàêîíîäàòåëüñòâà (â ÷àñòíîñòè, çàêîíîâ, ðåãóëèðóþùèõ àâòîðñêèå è èíûå ïðàâà).

Ðàññìàòðèâàÿ âîïðîñû áåçîïàñíîñòè ñèñòåìû ýëåêòðîííîãî îáó÷åíèÿ íåîáõîäèìî

ó÷èòûâàòü âñå ðèñêè è óÿçâèìîñòè òàêîé ñòðóêòóðû. Ïðè ýòîì, õàðàêòåðíîé îñîáåííîñòüþ

äàííîé ñèñòåìû ÿâëÿåòñÿ äóàëèçì «ñóáúåêò/îáúåêò àòàêè». Îäèí è òîò æå ó÷àñòíèê (èëè

ýëåìåíò) îáðàçîâàòåëüíîãî ïðîöåññà ìîæåò âûñòóïàòü è êàê èñòî÷íèê, è êàê îáúåêò àòàêè.

Â ðàáîòå [2] ñäåëàíà ïîïûòêà ïðåäñòàâëåíèÿ ýòîãî äóàëèçìà ñ ïîìîùüþ ìîäåëè «êóáà

ýëåêòðîííîãî îáó÷åíèÿ». Ïî îäíîé èç îñåé ìîäåëè îòëîæåíû óðîâíè âçàèìîäåéñòâèÿ

(ïåðñîíàëüíàÿ îáðàçîâàòåëüíàÿ ñðåäà ñòóäåíòà èëè ïðåïîäàâàòåëÿ, âèðòóàëüíàÿ

îáðàçîâàòåëüíàÿ ñðåäà ó÷åáíîãî çàâåäåíèÿ, âñåìèðíàÿ ñåòü); ïî äðóãîé – òèïû öèôðîâûõ
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ðåñóðñîâ (ïðîãðàììíîå îáåñïå÷åíèå, èíôîðìàöèîííûå îáúåêòû, ó÷åáíûå îáúåêòû); ïî òðåòüåé

– êàòåãîðèè ó÷àñòíèêîâ ïðîöåññà (ñòóäåíòû, ÏÏÑ, ÀÓÏ).

Íà ðèñ. 1 ïðåäñòàâëåíà àòàêà íà ÏÏÑ íà óðîâíå âèðòóàëüíîé îáðàçîâàòåëüíîé ñðåäû

ó÷åáíîãî çàâåäåíèÿ. Èñòî÷íèêîì óãðîçû ÿâëÿåòñÿ ïðîãðàììíîå îáåñïå÷åíèå (ýòî ìîæåò áûòü

åãî âèäîèçìåíåíèå, ìîäèôèêàöèÿ, óíè÷òîæåíèå è ò.ä.). Íà ðèñ. 2 – îáðàòíàÿ ñèòóàöèÿ: àòàêà íà

ÏÎ íà óðîâíå âèðòóàëüíîé îáðàçîâàòåëüíîé ñðåäû ó÷åáíîãî çàâåäåíèÿ ñî ñòîðîíû ÏÏÑ.

Ðàññìîòðèì îòäåëüíî ðèñêè äèäàêòè÷åñêîé ñèñòåìû e-learning. Ïðåæäå âñåãî, ýòî ðèñêè,

ñâÿçàííûå ñ ïðîôåññîðñêî-ïðåïîäàâàòåëüñêèì ñîñòàâîì.

Ðèñ. 1. Àòàêà íà ÏÏÑ íà óðîâíå âèðòóàëüíîé îáðàçîâàòåëüíîé ñðåäû ó÷åáíîãî çàâåäåíèÿ.

Èñòî÷íèê – ÏÎ

Ðèñ. 2. Àòàêà íà ÏÎ íà óðîâíå âèðòóàëüíîé îáðàçîâàòåëüíîé ñðåäû ó÷åáíîãî çàâåäåíèÿ ñî

ñòîðîíû ÏÏÑ

Âî-ïåðâûõ – ýòî ðèñêè, ñâÿçàííûå ñ êîìïåòåíòíîñòüþ ÏÏÑ. Ìîæíî âûäåëèòü ñëåäóþùèå

óðîâíè ðèñêîâ:

� Äèäàêòè÷åñêèé ðèñê (âîçíèêàåò, êîãäà ïðåïîäàâàòåëü íå óäåëÿåò äîëæíîãî âíèìàíèÿ

îáíîâëåíèþ ó÷åáíîãî êóðñà).

� Òåõíîëîãè÷åñêèé ðèñê (âîçíèêàåò âñëåäñòâèå íåñïîñîáíîñòè ïðåïîäàâàòåëÿ â ïîëíîé ìåðå

èñïîëüçîâàòü ñîâðåìåííûå ñðåäñòâà ÈÊÒ).

� Íàó÷íûé ðèñê ñâÿçàí ñ êà÷åñòâîì ó÷åáíîãî ìàòåðèàëà, ïðåäëàãàåìîãî ïðåïîäàâàòåëåì.

� Ðèñê äåëåãèðîâàíèÿ ïîëíîìî÷èé âîçíèêàåò, êîãäà ïðåïîäàâàòåëü ïîëíîñòüþ ïåðåêëà-

äûâàåò íà ñèñòåìó ýëåêòðîííîãî óïðàâëåíèÿ ó÷åáíûì ïðîöåññîì (LMS) îòâåòñòâåííîñòü çà

ïðîöåäóðó àòòåñòàöèè ñòóäåíòà.
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Âî-âòîðûõ, ýòî ðèñêè ñâÿçàííûå ñ îðãàíèçàöèåé ó÷åáíîãî ïðîöåññà. Îíè âîçíèêàþò ïðè

íåïðàâèëüíîì ïëàíèðîâàíèè è íåäîñòàòî÷íîì êîíòðîëå ó÷åáíîãî ïðîöåññà, êîíñóëüòàöèé,

àòòåñòàöèîííûõ ìåðîïðèÿòèé. Èñòî÷íèêîì ýòèõ ðèñêîâ ìîãóò ñòàòü íåàäåêâàòíàÿ çàäà÷àì

ó÷åáíîãî ïðîöåññà ñèñòåìà èíôîðìèðîâàíèÿ ñòóäåíòîâ, ñëàáàÿ êîîïåðàöèÿ ìåæäó

ïðåïîäàâàòåëÿìè, âåäóùèìè ñìåæíûå äèñöèïëèíû (ïîâòîð îòäåëüíûõ ýëåìåíòîâ äèñöèïëèí,

íåñîãëàñîâàííîñòü ïîíÿòèéíîãî àïïàðàòà).

È, íàêîíåö, ïîñëåäíÿÿ ãðóïïà ðèñêîâ, ñâÿçàííûõ ñ ÏÏÑ, – ýòî ðèñêè, âîçíèêàþùèå

íåïîñðåäñòâåííî â õîäå ó÷åáíîãî ïðîöåññà â ðåçóëüòàòå íåàäåêâàòíîãî ïîâåäåíèÿ ñòóäåíòîâ,

íèçêîãî óðîâíÿ ïðîôåññèîíàëüíîé îòâåòñòâåííîñòè ïðåïîäàâàòåëÿ è íàðóøåíèÿ ïîñëåäíèì

òðóäîâîé äèñöèïëèíû.

Åäâà ëè íå áîëüøåå êîëè÷åñòâî ðèñêîâ ñâÿçàíî ñî ñòóäåíòàìè.

Âî-ïåðâûõ, ýòî ðèñê, ñâÿçàííûé ñ íåñïîñîáíîñòüþ ñòóäåíòà âûäåðæèâàòü çàäàííûé

ïðåïîäàâàòåëåì è ýëåêòðîííîé ñèñòåìîé òåìï îáó÷åíèÿ (çà÷àñòóþ îí ñâÿçàí ñ íèçêèì óðîâíåì

ïîäãîòîâêè ñòóäåíòà).

Âî-âòîðûõ, ýòî ðèñê, ñâÿçàííûé ñ íåîáõîäèìîñòüþ ïîñòîÿííîé ìîòèâàöèè ñòóäåíòà.

Â-òðåòüèõ, ýòî ðèñê, ñâÿçàííûé ñ íåàäåêâàòíîé ñàìîîöåíêîé è ïîâåäåíèåì ñòóäåíòà.

Â-÷åòâåðòûõ, ýòî ðèñê, ñâÿçàííûé ñ íåñïîñîáíîñòüþ ñòóäåíòà íàëàäèòü êîíòàêò ñ ïðåïîäà-

âàòåëåì

Â-ïÿòûõ, ýòî òåõíîëîãè÷åñêèé ðèñê, êîòîðûé â ýòîì ñëó÷àå ñâÿçàí ñ âûñîêîé êîìïåòåíöèåé

ñòóäåíòà â îáëàñòè ÈÊÒ, ïðîãðàììíîãî îáåñïå÷åíèÿ è ñåðâèñîâ Web 2.0.

Êðîìå òîãî, â äåÿòåëüíîñòè ëþáîãî ó÷åáíîãî çàâåäåíèÿ âîçíèêàþò ðèñêè, ñâÿçàííûå

ñ àäìèíèñòðàòèâíûì ïåðñîíàëîì, êîòîðûé â äàííîì ñëó÷àå òàêæå ìîæåò âûñòóïàòü è êàê

îáúåêò, è êàê ñóáúåêò àòàêè íà ñèñòåìó ýëåêòðîííîãî îáó÷åíèÿ.

Ôîðìàëèçàöèÿ îöåíîê ñèñòåìû áåçîïàñíîñòè ýëåêòðîííîãî ó÷åáíîãî çàâåäåíèÿ è ñîçäàíèå

àäåêâàòíîé ìîäåëè áåçîïàñíîñòè ïðåäñòàâëÿåò ñîáîé, òàêèì îáðàçîì, äîâîëüíî ñëîæíóþ çàäà÷ó.

Ïîëíûé àíàëèç ñèñòåìû áåçîïàñíîñòè ýëåêòðîííîãî ó÷åáíîãî çàâåäåíèÿ âêëþ÷àåò â ñåáÿ

òîïîëîãè÷åñêèé àíàëèç ñòðóêòóðû e-learning, ó÷åò öèêëîìàòè÷åñêîé ñëîæíîñòè èñïîëüçóåìîãî

ïðîãðàììíîãî îáåñïå÷åíèÿ, ïñèõîëîãè÷åñêèõ è ïåäàãîãè÷åñêèõ ñîñòàâëÿþùèõ ó÷åáíîãî ïðîöåññà.

Ìåæäó òåì, îêàçûâàåòñÿ âîçìîæíûì ïðåäëîæèòü íåñêîëüêî áîëåå ïðîñòûõ ïóòåé ê ðåøå-

íèþ ýòîé ïðîáëåìû.

Âî âñåõ ñëó÷àÿõ àòàêè íà ñèñòåìó ýëåêòðîííîãî îáó÷åíèÿ àòàêóþùèé âñòóïàåò â êîíòàêò

ñ ñèñòåìîé, èñïîëüçóÿ êàíàëû ïåðåäà÷è èíôîðìàöèè, èñïîëüçóÿ è èìèòèðóÿ ìåòîäû ðàáîòû

ñèñòåìû, îòïðàâëÿÿ èëè ïîëó÷àÿ èç ñèñòåìû èíôîðìàöèþ. Àíàëîãè÷íûå äåéñòâèÿ ñîâåðøàåò

çëîóìûøëåííèê è ïðè àòàêå íà ÷èñòî «èíôîðìàöèîííûå» îáúåêòû. Âîñïîëüçóåìñÿ ðàçðàáîòàí-

íîé äëÿ ýòîãî ñëó÷àÿ ìåòîäèêîé.

Âñëåä çà ðàáîòàìè [3,4] ââåäåì ïîíÿòèå «ïîâåðõíîñòè àòàêè íà ýëåêòðîííóþ îáðàçîâàòåëüí-

óþ ñðåäó».

Íàçîâåì «ïîâåðõíîñòüþ àòàêè íà ÝÎÑ» – ìíîæåñòâî (ãåîìåòðè÷åñêîå ìåñòî) âîçìîæíûõ

óÿçâèìûõ ìåñò ñèñòåìû áåçîïàñíîñòè ýëåêòðîííîãî îáðàçîâàòåëüíîãî ó÷ðåæäåíèÿ. Ýòî – êà-

íàëû ïåðåäà÷è èíôîðìàöèè, ýëåìåíòû ñèñòåìû LMS, áàçû äàííûõ, ïðîãðàììíîå îáåñïå÷åíèå,

ìåòîäèêè è ïðîöåäóðû ýëåêòðîííîãî îáó÷åíèÿ, òî÷êè ââîäà è âûâîäà èíôîðìàöèè èç ñèñòåìû

è ò.ä. ×åì áîëüøå êîìïîíåíòîâ âêëþ÷àåò â ñåáÿ ýëåêòðîííàÿ îáðàçîâàòåëüíàÿ ñðåäà, òåì áîëüøå

÷èñëî ïîòåíöèàëüíî óÿçâèìûõ ìåñò è, ñîîòâåòñòâåííî, ïîâåðõíîñòü àòàêè.

Ìåæäó òåì, íå âñå ýëåìåíòû ñèñòåìû ýëåêòðîííîãî îáó÷åíèÿ ÿâëÿþòñÿ ÷àñòüþ

«ïîâåðõíîñòè àòàêè», à òå, ÷òî äåéñòâèòåëüíî ÿâëÿþòñÿ èñòî÷íèêàìè âîçìîæíûõ óÿçâèìîñòåé,
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âíîñÿò â íàðóøåíèå áåçîïàñíîñòè ñèñòåìû íåîäèíàêîâûé âêëàä. Ñëåäîâàòåëüíî, íåîáõîäèìî

îïðåäåëèòü êðèòåðèè, ïî êîòîðûì ìû îöåíèâàåì ýòè óÿçâèìîñòè (âêëàä êàæäîãî èç âîçìîæíûõ

ýëåìåíòîâ).

Ýëåìåíò ýëåêòðîííîé îáðàçîâàòåëüíîé ñðåäû (ðåñóðñ) ñòàíîâèòñÿ ÷àñòüþ «ïîâåðõíîñòè

àòàêè», åñëè çëîóìûøëåííèê ìîæåò èñïîëüçîâàòü åãî äëÿ íàðóøåíèÿ íîðìàëüíîé ðàáî-

òîñïîñîáíîñòè ñèñòåìû. Äëÿ îöåíêè òàêîãî ýëåìåíòà ëîãè÷íî íà ïåðâîì ýòàïå ââåñòè êðèòåðèé

íà îñíîâå ñîîòíîøåíèÿ:

[çàòðàòû íà âîññòàíîâëåíèå ñèñòåìû / óùåðá îò äåéñòâèé çëîóìûøëåííèêà].

Äðóãèì âàðèàíòîì îöåíêè ìîæåò ñòàòü ñîîòíîøåíèå âðåìåíè îòêàçà ñèñòåìû è âðåìåíè åå

âîññòàíîâëåíèÿ.

Òàêèì îáðàçîì, «ïîâåðõíîñòü àòàêè» ÿâëÿåòñÿ èíòåãðàëüíîé õàðàêòåðèñòèêîé óÿçâèìîñòè

âñåé ñèñòåìû â öåëîì. Îíà äàåò ïðåäñòàâëåíèå î òîì óùåðáå, êîòîðûé çëîóìûøëåííèê ìîæåò

íàíåñòè ñèñòåìå è îäíîâðåìåííî î òåõ äåéñòâèÿõ, êîòîðûå îí äîëæåí ïðåäïðèíÿòü äëÿ

íàíåñåíèÿ ýòîãî óùåðáà.

Âñëåä çà ðàáîòîé [3] äëÿ îïðåäåëåíèÿ «ïîâåðõíîñòè àòàêè» ââåäåì ïîíÿòèå «âåêòîðà

àòàêè». Ôàêòè÷åñêè «âåêòîð àòàêè» ïðåäñòàâëÿåò ñîáîé âîçìîæíûé âàðèàíò äåéñòâèé

çëîóìûøëåííèêà äëÿ íàðóøåíèÿ íîðìàëüíîé ðàáîòîñïîñîáíîñòè ñèñòåìû.

Ìíîæåñòâî «âåêòîðîâ àòàêè» îïðåäåëÿåòñÿ, òàêèì îáðàçîì, ìíîæåñòâîì óãðîç è ðèñêîâ

ñèñòåìû ýëåêòðîííîãî îáó÷åíèÿ, óïîìÿíóòûõ âûøå.

Àäåêâàòíîå îöåíèâàíèå âñåõ óÿçâèìîñòåé, ðèñêîâ è óãðîç ñèñòåìå ýëåêòðîííîãî îáó÷åíèÿ

ïîçâîëèò ñîçäàòü ìîäåëü, íà îñíîâå êîòîðîé ìîæåò áûòü ðàçðàáîòàíà ñîîòâåòñòâóþùàÿ

ñòðàòåãèÿ çàùèòû. Ìîäåëèðîâàíèå óãðîç ïðè ýòîì ÿâëÿåòñÿ íåîòúåìëåìîé ÷àñòüþ æèçíåííîãî

öèêëà ðàçðàáîòêè ñèñòåìû áåçîïàñíîñòè ýëåêòðîííîãî îáó÷åíèÿ. Óäåëÿÿ âíèìàíèå ïðîáëåìå íà

íà÷àëüíîì ýòàïå ñîçäàíèÿ çàùèùåííîé ñèñòåìû ýëåêòðîííîãî îáó÷åíèÿ, ìû ñìîæåì

îñóùåñòâèòü àíàëèç ïëàíèðîâàíèÿ è àðõèòåêòóðû ñèñòåìû ñ öåëüþ îáíàðóæåíèÿ è óñòðàíåíèÿ

ïðîáëåì çàùèòû óæå íà óðîâíå ïðîåêòèðîâàíèÿ.
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Abstract:

In the past few years, a new class of high-performance computing (HPC) systems has
emerged. These systems employ unconventional processor architectures – such as cell
accelerator and graphics processing units (GPUs) – for heavy computations and use
conventional central processing units (CPUs) mostly for non-compute-intensive tasks, such
as I/O and communication. General Purpose GPUs (GPGPUs) appear for scientific computing.
A new concept is to use a GPGPU as a modified form of stream processor. This paper gives an
overview of the state-of-the-art of the developments and applications in GPU-based
high-performance computing for all platforms: applications, hardware and software
technologies, languages and development environments.

� Introduction
Computer system architectures today are rapidly advancing and diversifying. A decade ago,

most programs ran on conventional, single-core processors capable executing one thread at a
time. In the last ten years, those simple CPUs have been replaced by an array of multi-core CPUs,
dedicated accelerators that are actually capable of powerful, general-purpose computation. This
trend is likely continuing, making it difficult to predict the architectures that will be available in
as little as five years or what programming models will be best suited to exploit them.

In the past few years, a new class of high-performance computing (HPC) systems has
emerged. These systems employ unconventional processor architectures – such as Cell
processor (or field programmable array) (Kahle, J.A. et al. 2005) and graphics processing units
(GPUs) (NVIDIA Tesla 2011) – for heavy computations and use conventional central processing
units (CPUs) mostly for non-compute-intensive tasks such as I/O and communication.

Today’s communications technologies and scientific advances in computer hardware and
software are forcing a dramatic change and acceleration in all areas of sciences, engineering and
economics. Many scientific and economic applications require the acceleration of linear algebra
operations for solution large problems, such as 100 000×100 000 matrix multiplication, inversion
etc. In the economics, it should be solved large economic simulation models represented by
large matrices. The aim of this paper is to give an overview of the state-of-the-art of the
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developments and applications in GPU-based high-performance computing for all platforms:
Applications, hardware and software technologies, languages and development environments.

Complexity of computing in science, engineering and economics is rapidly increasing. In the
past years complexity of simulations running on the HPC systems requires high processing
speed, high level of parallelism (systems with thousands of processing elements), envisioned to
reach millions of threads of parallelism and availability of parallelism in algorithms. Architecture
problems to be solved for high-performance computing are:

(a) to state limits to manageable levels of parallelism and programming models allowing high
performance and efficiency,

(b) to determine the number of cores that can be used to building a single computer and its
heterogeneity (CPU/GPU),

(c) to specify the fundamental limits to increasing space dimensions of interconnect,

(d) design considerations for I/O and storage subsystems for huge amounts of data,

(e) to reduce as much as possible the power consumption but also enable the design of even
faster computers.

Architectures for extreme-scale computing use the following approaches: New key
technologies: new near threshold voltage operations, non-silicon memories and photonics.

Multi-core processors are no longer the future of computing they are present day reality.
A typical mass-produced CPU features multiple processor cores while a GPU (Graphics Processing
unit) may have hundreds or even thousands of cores. With the rise of multi-core architectures has
come the need for advanced programming and to program massively parallel processors.

� General Purpose Graphics Processing Unit
The Graphics Processing unit, or GPU, has been an integral part of most home computer

systems and game consoles for several years. Efforts for ever more realistic games have driven its
development from a simple 2D accelerator for graphics-based applications to an extremely
powerful unit aimed at 3D games.

The raw computational power of the modern GPU has, in recent years, led to explosion of in-
terest in its use for numerically intensive computing beyond the graphics domain. This interest is
demonstrated by the release of dedicated General Purpose GPUs, or GPGPUs, by manufacturers

such as NVIDIA)
(NVIDIA Tesla 2011)
and AMD) (AMD Rade-
on 2011). The adoption
of GPGPU computing by
the HPC community is
shown by the fact that
two of the top four ma-
chines in the latest Top
500 list June 2011 em-
ploy GPGPUs (Fig. 1).

Fig. 1: Top 500 List,
June 2011
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A Graphics Processing Unit (GPU) is an accelerator, sometimes called a co-processor,
designed to carry out specific graphics tasks faster than the main CPU in the system. It contains
one are more microchips designed with a limited number of algorithms in mind. Graphics
operations may be split into two types – vector- based operations and raster operations.
Vector-based operations are the manipulation of the so called graphics primitives – that is objects
such as lines, circles and arcs. A raster, or bitmap, is a structure representing individual image
pixels such as those displayed on screen. Raster operations are the manipulation of such bitmaps
in various ways such as scrolling a background image between display frames or overlaying
a moving sprite over a background.

GPUs were developed during the years 1970s and 1980s, however only in the mid 1980s the
first mass-market personal computer appeared including a dedicated chipset capable of taking
care of all the graphics functions. The chipset included the famous blitter chip named after the
acronym for Block Image Transfer. The blitter was responsible for manipulating large amounts
of data corresponding to bitmap images. As well as a personal computer being a popular
machine for playing games the advanced graphics capabilities led to its use in video processing,
production and scene rendering. However, only in the 1990s the development of GPUs began in
earnest. It was in this period more advanced GPUs for IBM-compatible PCs started to be
developed. The first of these were simple 2D accelerators, aimed at speeding up the performance
of the user interface of the Windows operating system. At about the same time 3D computer
games were starting to became popular, leading to the development of GPUs specifically aimed
3D graphics processing. These accelerators became available in games consoles and on the PC
thanks to graphic cards. The race was on. Fuelled by the thirst for ever more realistic computer
games, the development of 3D GPUs has continued apace ever since. Today market is largely
dominated by two companies, AMD and NVIDA. Modern graphic cards are responsible for the
many different operations involved in producing a graphic scene which are commonly refered to
as rendering pipeline. The input to the pipeline is in the form of information about primitives,
typically polygons or triangles. The rendering process transforms and shades the primitives and
map them onto to screen for display. The typical pipeline steps are: Geometric vertex generation,
Vertex processing, Primitive generation, Primitive processing, Fragment generation or
rasterization, Fragment processing, Pixel operations or composition.

The rendering pipeline lends itself to a form of processing called stream processing. A stream
of data is passed through a series computational stages. The operations within each stage are
performed locally and independently on each element within the data stream. GPUs in such a
way allow to exploit the inherent task-parallelism of streaming (different processor resources
being devoted to different stages of the pipeline).

Several stages of the rendering pipeline also lend themselves naturally to another form of
parallelism: data-parallelism. That means, each geometric vertex or image pixel can be
processed independently of the others, but using the same algorithms, in the other words using
the common Single Instruction Multiple Data (SIMD) approach. The data parallel approach has
consequently evolved form SIMD to a more complicated Single Program Multiple Data (SPMD)
model, as hardware capabilities have increased. In the SPMD model, different branches may be
followed within a rendering stage for different sections of data.

Modern GPUs typically contain tens or even hundreds of processing units, each unit further
containing several Arithmetic Logic Units (ALUs) able to exploit the SIMD characteristic of much
of the processing.

The fact that modern GPUs typically contain hundreds of ALUs leads to units of processing
power over 1 Tflops, several times that of a typical CPU, for example NVIDIA GPU GeForce
GTX580M (NVIDIA 2011). This performance naturally led to an interest in using them for
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computationally-intensive problems outside the traditional graphics domain. Manufactures now
release products aimed specifically at the HPC market, in particular AMD FireStream (AMD
2011) and the (NVIDIA Tesla 2011). In the latest Top500 list (TOP500 supercomputing sites
2011) (Fig. 1), two of the fastest four machines employ GPGPUs. The top spot taken in this list is
by the Japanese RIKEN supercomputer with a performance of 8,162 petaflops (1015) and second
one the Chinese Tianhe-1A system with a performance 2,57 petaflops.

� General Purpose GPU Scientific Computing

To make best use of the GPGPUs and achieve a performance which makes their use more
worthwhile than a standard CPU in scientific computing, significant challenges must be
addressed.

The primary issue is that of the application’s scope for parallelism: it must demonstrate
sufficient data-parallel characteristics such that it can be mapped on the GPU architecture and
make full use of the many processing cores available.

The second challenge is making efficient usage of the GPU memory through the application’s
memory access patterns, where several problems may be encountered. The first problem to
address is that of copying data between the main memory of the machine hosting GPU and
device itself. This transfer is quite expensive therefore such transfers should be minimized
whenever possible. Types of applications likely making the best use of GPGPUs: (a) Ensure that
the application has substantial parallelism, (b) Ensure that it has high computational
requirements, i.e. a high ratio of arithmetic operations to memory operations, (c) Prefer
throughput over latency.

General purpose GPU computing is the use of a GPU to do general purpose scientific and
engineering computing. The model for GPU computing is to use CPUs and GPUs together in
a heterogeneous co-processing PU. The GPU has evolved over the years to have teraflops of
floating point performance. NVIDIA revolutionized the GPGPU and accelerated computing
world in 2006 – 2007 by introducing its new massively parallel architecture called CUDA. The
CUDA architecture consists of hundreds of processor cores that operate together to crunch
through the data set in the application.

Success of GPGPUs in the past few years has been easy of programming of the associated
CUDA parallel programming model. In this model the application developers modify their
application to take the compute-intensive kernels and map them to the GPU. The rest of
application remains on the CPU. Mapping a function to the GPU involves rewriting the function
to expose the parallelism in the function and adding C keywords to move data to and from the
GPU. The developer is tasked with launching 10s of 1000s of threads simultaneously. The GPU
hardware manages the threads and does threads scheduling.

The CUDA parallel hardware architecture accompanied by the CUDA parallel programming
model provides a set of abstractions that enable expressing fine-grain and coarse-grain data and
task parallelism. The programmer can choose to express parallelism in high-level languages,
such as C, C++, Fortran or driver APIS, such as OpenCL (Khronos 2011) and Direct X-11
(Microsoft 2010) (Fig. 2). The users should understand alike the basic concepts of parallel
programming and the GPU architecture. Case study demonstrates the development process,
which begins with computational thinking and ends with efficient programs.
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Fig. 2: A set of software development tools along with libraries and middleware

� GPU Acceleration of Linear Algebra Operations
Many scientific applications require the acceleration of linear algebra operations, which are

quite well suited for GPU architectures. The CUDA software development toolkit includes an
implementation of the basic linear algebra subprograms (BLAS) library ported to CUDA
(Cublas). The most expensive operation is the matrix multiplication (Watson, M. A 2010).

GPU acceleration of matrix multiplications can be realized using cleaving algorithm.
Consider the matrix multiplication C = A B, where A is an (m×k) matrix, B is a (k×n) matrix,
and C is an (m ×n) matrix. We can divide A into a column vector of (r + 1) matrices
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In practice, all the pi will be the same.

In a similar manner, can be divided B into a row vector of (s + 1) matrices
B = ( B0 , B1 , . . . Bs ), where each Bj is a (k ×qj) matrix and
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Each individual element Cij = Ai Bj is a (pi ×qj) matrix, and can be computed independently.
Generalizing this to a full implementation for the GPU we get a SIMD matrix multiplication. The
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pi and qj values can be chosen such that each sub-multiplication fits within the currently
available GPU memory. Each multiplication can be organized through the GPU and assembled
on the CPU.

Although the SIMD and SPMD models are supported by modern GPUs to make best use of
hardware code-branching should still be minimized as much as possible. If a code branch occurs
all threads must execute both branches, what is suboptimal for performance.

�

The main reason for using accelerators is because of the need to increase application
performance to either decrease the compute time, increase the size of science problem that can
be computed, or both.

However, reasons other than pure performance improvements are starting to influence the
deployment of HPC resources. As the size of conventional HPC systems increases, their space
and power requirements and operational cost quickly outgrow the available resources and
budgets. Thus, metrics such as flops per machine, flops per watt of power, or flops per dollar
spent on the hardware and its operation are becoming increasingly important. Accelerator-based
HPC system looks relatively attractive considering this metrics. The June 2011 Green 500 List of
the world´ s most energy efficient supercomputers shows the ranking in(The Green 500 List
2011).

As a multi-billion dollar industry, the commodity games market will continue to be main
driver of GPU development. Despite hardware systems (GPU-based high-performance
computers) availability, however, the computational science community is currently split
between early adopters of accelerators and skeptics. The early adopters´ main concern is that
new computing technologies are introduced frequently, and users simply don´t have time to
chase after developments that might fade away quickly. With introducing application
accelerators, new languages and programming models are emerging that eliminate the option to
port code between „standard“ and „non-standard“ architectures. The community fears that these
new architectures will result in the creation of many code branches that are not compatible or
portable.

On the other side GPUs have evolved to the point where many real-world applications are
easily implemented on them and run significantly faster than on the multi-core systems. Future
computing architecture will be hybrid systems with parallel-core GPUs working in tandem with
multi-core CPUs.
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Èíôîðìàöèîííûå òåõíîëîãèè

îáúåêò ñðåäñòâî è èíñòðóìåíò îáó÷åíèÿ
Kultan J., Serik M., Alzhanov A.

Aííîòàöèÿ:

Äàííàÿ ñòàòüÿ íàïðàâëåíà íà îïðåäåëåíèå îñíîâíûõ ìîìåíòîâ èñïîëüçîâàíèÿ

èíôîðìàöèîííûõ òåõíîëîãèè /ÈÒ/ â ñôåðå îáó÷åíèÿ, íàóêè è íàó÷íûõ èññëåäîâàíèé. ÈÒ

ïðåäñòàâëÿþò îáúåêò îáó÷åíèÿ è ðàçâèòèÿ íàóêè. Èõ èññëåäîâàíèþ íåîáõîäèìî óäåëèòü

áîëüøîå âíèìàíèå ò.ê. èõ ðàçâèòèå âåäåò çà ñîáîé âîçìîæíîñòü ðàçâèòèÿ îñòàëüíûõ

íàïðàâëåíèé íàóêè è æèçíè. ÈÒ ïîìîãàþò ðåøàòü ìíîãèå íàó÷íûå çàäà÷è. Ñòàðàòåëüíî

íåîáõîäèìî ðàññìîòðåòü ðîëü ÈÒ â ñèñòåìå îáó÷åíèÿ. ÈÒ ìîãóò ñòàòü íå òîëüêî

ïîìîùíèêîì â ïðîöåññå ïðèîáðåòåíèÿ çíàíèé, íî è ñðåäñòâîì ïîíèæåíèÿ óðîâíÿ

îáó÷åíèÿ. Ïðèâåäåííûå ìîìåíòû èñïîëüçîâàíèÿ ÈÒ ïðåäñòàâëÿþò íå òîëüêî îáîáùåíèå

îïûòà, íî è íàïðàâëåíèå äàëüíåéøåãî ðàçâèòèÿ íàóêè â äàííîé îáëàñòè.

Êëþ÷åâûå ñëîâà:
êà÷åñòâî îáðàçîâàíèÿ, èíôîðìàöèîííûå òåõíîëîãèè, îáó÷åíèå, ÈÒ – îáúåêò îáó÷åíèÿ, ÈÒ

– ñðåäñòâî îáó÷åíèÿ, ÈÒ – èíñòðóìåíò èññëåäîâàíèÿ, ïîëîæèòåëüíûå è îòðèöàòåëüíûå

ñòîðîíû ïðèìåíåíèÿ ÈÒ.

Kľúčové slová:
kvalita vzdelávania, informačné technológie, vzdelávanie, IT –objekt vzdelávania,
IT – prostriedok vzdelávania, IT – nástroj vzdelávania, kladné a záporné stránky
využívania IT.

Keywords:
the quality of education, information technology, learning, IT is an object, IT is a learning
tool, IT is a research tool, the positive and negative sides of IT.

Abstrakt:

Príspevok je zameraný na definovanie základných otázok týkajúcich sa využívania
informačných technológií /IT/ v sfére vyučovania, vedy a výskumu. IT môžeme považovať za
objekt štúdia. Ich výskumu je potrebné udeliť veľkú pozornosť nakoľko ich rozvoj má za
následok vznik nových možností rozvoja ostatných smerov vedy, poznania, techniky. IT
pomáhajú riešiť mnohé vedecké úlohy a majú svoju nezastupiteľnú úlohu pri tvorbe modelov,
návrhu a realizáciu rôznych projektov. Taktiež je potrebné analyzovať úlohu IT v systéme
vzdelávania. IT sa môžu stať nielen pomocníkom v procese získavania vedomostí ale
i prostriedkom zníženia kvality vzdelávania.

IT – objekt vzdelávania, prostriedok vzdelávania, nástroj vzdelávania – tri hlavné smery
využívania IT, nakoľko oni predstavujú nielen zovšeobecnenie skúseností ale aj smer
ďalšieho rozvoja vedy v danej oblasti.
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Abstract:

This article aims at identifying the main developments in the use of information technology
/it/ in the area of education, science and research. IT is the object of education and science.
Their study should pay attention because their development leads to the development of other
areas of science and life. IT helps to solve many scientific challenges. Carefully consider the
role of it in education. IT can become not only an Assistant in the process of acquiring
knowledge, but also as a means of lowering the level of education. The points of it are not only
experience but also the direction of the further development of science in this area.

� Ââåäåíèå

Èíôîðìàöèîííûå òåõíîëîãèè èìåþò ìíîãîãðàííóþ ðîëü â ïðîöåññå îáó÷åíèÿ ìîëîäîãî

ïîêîëåíèÿ. Îíè ÿâëÿþòñÿ îáúåêòîì èçó÷åíèÿ êàê íîâîãî âèäà òåõíîëîãèé ïðèìåíÿåìîãî âî âñåõ

íàïðàâëåíèÿõ (ñôåðàõ) íàøåé æèçíè. Î÷åíü íåîáõîäèìî ÷òîáû ñòóäåíòû ïîíèìàëè îñíîâíûå

àñïåêòû èõ ôóíêöèîíèðîâàíèÿ, îáðàáîòêè èíôîðìàöèè, òåõíè÷åñêîãî îáåñïå÷åíèÿ. Äðóãîé

âàæíîé ïðîáëåìîé èñïîëüçîâàíèÿ ÈÒ ÿâëÿþòñÿ âîçìîæíîñòè èõ ïðèìåíåíèÿ ïðè ïðè

ïîëó÷åíèè îáðàçîâàíèÿ ïî áàçîâîé ñïåöèàëüíîñòè. Íåîáõîäèìî óäåëèòü âíèìàíèå âîïðîñàì

îïòèìàëüíîãî èñïîëüçîâàíèÿ äàííûõ òåõíîëîãèé ñ öåëüþ ïîâûøåíèÿ êà÷åñòâà ïîíèìàíèÿ

âûáðàííîé îáëàñòè èçó÷åíèÿ, ðàñøèðåíèÿ ïîçíàíèÿ – âîçìîæíîñòåé èçó÷åíèÿ) íîâûõ

íàïðàâëåíèé, ðåøåíèÿ ïîñòàâëåííûõ çàäà÷. Òðåòüå íàïðàâëåíèå ïðèìåíåíèÿ ÈÒ – ñðåäñòâî

îáó÷åíèÿ. Î÷åíü ÷àñòî ÈÒ èñïîëüçóþò íå òîëüêî êàê ñðåäñòâî ïîâûøåíèÿ êà÷åñòâà îáó÷åíèÿ,

íî â ìíîãèõ ñëó÷àÿõ ïðèìåíåíèå èõ íåñåò îòðèöàòåëüíûå ÷åðòû. Íà ðèñóíêå /Ðèñ. 1/

îòîáðàæåíû îñíîâíûå íàïðàâëåíèÿ èññëåäîâàíèÿ ÈÒ. Ðàññìîòðåíèå ÈÒ ïî ðàçëè÷íûì

íàïðàâëåíèÿì äàåò âîçìîæíîñòü ëó÷øå îïðåäåëèòü öåëè èçó÷åíèÿ è ïðèìåíåíèÿ ïîëó÷åííûõ

çíàíèé.
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Ðèñ. 1ÈÒ è èõ èçó÷åíèå



� 1 ÈÒ – îáúåêò îáó÷åíèÿ

Ðàçâèòèå ÈÒ ïðîèñõîäèò î÷åíü áûñòðî. Íîâûå òåõíè÷åñêèå äîñòèæåíèÿ: óâåëè÷åíèå

ñêîðîñòè ïðîöåññîðà, ðàçðÿäíîñòè ïðîöåññîðà, óâåëè÷åíèå îïåðàòèâíîé ïàìÿòè, äèñêîâ,

ðàçðàáîòêè âíåøíèõ óñòðîéñòâ, îáîðóäîâàíèÿ äëÿ êîììóíèêàöèè è ò.ï., òðåáóþò õîðîøåãî

ïîíèìàíèÿ ïðèíöèïîâ äàííûõ òåõíè÷åñêèõ ñðåäñòâ, ïðîöåññîâ îáðàáîòêè èíôîðìàöèé

è ïðîãðàììíûõ ñðåäñòâ äëÿ èõ ðåàëèçàöèè. Ïîýòîìó íåîáõîäèìî ðàññìàòðèâàòü ÈÒ êàê îáúåêò

îáó÷åíèÿ / Ðèñ. 2/

� Èíôîðìàöèè è èõ ðîëü â îáó÷åíèè

Ïðîöåññû, ñâÿçàííûå ñ ïîëó÷åíèåì, õðàíåíèåì, îáðàáîòêîé è ïåðåäà÷åé èíôîðìàöèè,

íàçûâàþòñÿ èíôîðìàöèîííûìè ïðîöåññàìè. Èíôîðìàöèîííûé ïðîöåññ ìîæíî îïèñàòü êàê

ïðîöåññ âçàèìîäåéñòâèÿ îáúåêòèâíûõ äàííûõ è ñóáúåêòèâíûõ ìåòîäîâ. Âñå êîìïîíåíòû

âçàèìîäåéñòâèÿ, òàêèå êàê ñèãíàëû, äàííûå è ìåòîäû îáðàáîòêè, èìåþò áîëüøîå âëèÿíèå íà

ðåçóëüòàò. Îñîáåííîñòüþ èíôîðìàöèîííîãî ïðîöåññà â èíôîðìàòèêå ÿâëÿåòñÿ àâòîìàòè÷åñêîå

ïðîòåêàíèå íåêîòîðûõ ýòàïîâ (àïïàðàòíûå è ïðîãðàììíûå ìåòîäû îáðàáîòêè äàííûõ).

Ðåçóëüòàòîì èíôîðìàöèîííîãî ïðîöåññà ÿâëÿåòñÿ ñàìà èíôîðìàöèÿ. Òàê êàê èíôîðìàöèÿ íå

ÿâëÿåòñÿ ñòàòè÷åñêèì îáúåêòîì, òî âàæåí ïðîöåññ ïîñòîÿííîãî îáíîâëåíèÿ äàííûõ è ïîäáîðà

ñîîòâåòñòâóþùèõ èì ìåòîäîâ.

Ìåòîäû è òåõíîëîãèè îðèåíòèðîâàííûå íà ñáîð, îáðàáîòêó, õðàíåíèå, ïåðåäà÷ó

ðàñïðîñòðàíåíèå èíôîðìàöèè ìîæíî êîðîòêî íàçâàòü èíôîðìàöèîííûìè òåõíîëîãèÿìè (IT) .

IT âîøëè â íàøó æèçíü ïîâñåìåñòíî, íè îäèí âèä ñîâðåìåííîãî áèçíåñà íå ìîæåò áûòü

óñïåøíûì â äîëãîñðî÷íîé ïåðñïåêòèâå áåç ãðàìîòíîãî ïðèìåíåíèÿ IT.

� Èçó÷åíèå òåõíè÷åñêîãî îáåñïå÷åíèÿ ÈÒ

Ýëåêòðîííàÿ âû÷èñëèòåëüíàÿ ìàøèíà (ÝÂÌ), íàçûâàåìàÿ èíîãäà êîìïüþòåðîì, ÿâëÿåòñÿ

îñíîâíûì òåõíè÷åñêèì ñðåäñòâîì èíôîðìàöèîííûõ ñèñòåì. Îíà äîëæíà âûïîëíÿòü îñíîâíûå

ýòàïû îáðàáîòêè èíôîðìàöèè:

îñóùåñòâëÿòü ââîä äàííûõ;

ñîõðàíÿòü äàííûå;

îñóùåñòâëÿòü ñáîð, ïåðåðàáîòêó äàííûõ, âêëþ÷àÿ ìàòåìàòè÷åñêèå ðàñ÷åòû, âûáîðêó

è óïîðÿäî÷åíèå äàííûõ è äðóãèå ôóíêöèîíàëüíûå ïðåîáðàçîâàíèÿ;

ïðîèçâîäèòü âûâîä ðåçóëüòàòîâ îáðàáîòêè â íåîáõîäèìîé ïîëüçîâàòåëþ ôîðìå (òåêñò,

ãðàôè÷åñêèå èçîáðàæåíèÿ, àêóñòè÷åñêèå ñèãíàëû, óïðàâëÿþùèå ñèãíàëû).

Óêàçàííûå îïåðàöèè îïðåäåëÿþò îñíîâíûå óñòðîéñòâà ÝÂÌ. Â ýòîé ÷àñòè íåîáõîäèìî

óäåëèòü áîëüøîå âíèìàíèå îñíîâíûì òåõíè÷åñêèì ýëåìåíòàì – ïðîöåññîð, ïàìÿòü,

çàïîìèíàþùåå óñòðîéñòâà, êîòîðûå íàçûâàåì îñíîâîé êîìïüþòåðà, âõîäíûì è âûõîäíûì

ñðåäñòâàì, èõ êëàññèôèêàöèè. Â íàñòîÿùåå âðåìÿ ïðèìåíåíèÿ èíôîðìàöèîííûõ ñåòåé áîëüøîå

âëèÿíèå èìåþò è ñðåäñòâà îáåñïå÷åíèÿ êîììóíèêàöèè.
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� Èçó÷åíèå ïðîãðàììíîãî îáåñïå÷åíèÿ ÈÒ

Îñíîâíûì ñðåäñòâîì äëÿ óïðàâëåíèÿ äåÿòåëüíîñòüþ ïðîöåññîðà, ïàìÿòè è äðóãèõ

îñíîâíûõ è âñïîìîãàòåëüíûõ òåõíè÷åñêèõ ñðåäñòâ ÿâëÿåòñÿ ïðîãðàìíîå îáåñïå÷åíèå

êîìïüþòåðà. Îíî ðàçáèòî íà íåñêîëüêî íåñêîëüêî ãðóïï, êîòîðûå ïðåäñòàâëÿþò íåîòúåìëèìóþ

÷àñòü ÈÒ. Äëÿ óïðàâëåíèÿ îñíîâíûìè ñðåäñòâàìè èñïîëüçóþòñÿ îïåðàöèîííûå ñèñòåìû,

äàëüíåéøóþ ðàáîòó êîíòðîëèðóþò ïðèêëàäíûå ïðîãðàììû. Ñïåöèôè÷åñêîé ãðóïïîé ÿâëÿþòñÿ

ïðîãðàììû îáåñïå÷åíèÿ êîììóíèêàöèè.

Â òàáëèöå (Tab.1) ïðèâåäåíû íåêîòîðûå ïðèêëàäíûå ïðîãðàììû, êîòîðûå ïîçâàëÿþò

ðàñøèðèòü ïðèìåíåíèå ÈÒ â îáó÷åíèè, íàóêå, êîììóíèêàöèè.

Tab. 1 Âûáðàííîå ïðîãðàìíîå îáåñïå÷åíèå

Prehliadač
(Webbrowser)
Microsoft Internet
Explorer
GreenBrowser
(nadstavba IE)
MyIE2 (nadstavba IE)
Avant Browser
(nadstavba IE)
Neoplanet (nadstav
ba IE)
Netscape Navigator
Mozilla
CZilla
FireFox
Opera

Antivírusy
AVG Free Edition
AntiMacroVir
AntiVir Personal
Edition
avast! Home
Edition
BitDefender Free
Edition v7
ClamAV &
ClamWin

AntiSpyware
Ad-Aware
Microsoft
AntiSpyware
Spybot Search &
Destroy

Web Photo Album
Jalbum
Web Album
Generator
Web Picture
Creator

Wapdesign
(WYSIWYG)
DotWAP
Waptor

Wapdesign
Nokia Mobile
Internet Toolkit
WAPtoolkit

Messenger
ICQ
MSN Messenger
Yahoo Messenger
SIM
Trillian
Gaim
IM2
Miranda IM
Centericq
AIM

VoIP
Skype

Adobe
Acrobat Reader
Adobe Album
Adobe
eBookReader
Adobe eBookWriter

Grafika
Gimp
Pixia
ColorDetector
MS GIF Animator
Splitz
PictureClip
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Ðèñ. 2 ÈÒ îáúåêò îáó÷åíèÿ



FTP
(klient/server)
LeechFTP
Utility (Servis)
PDFcreator
Putty
Fast Defrag
DustBuster
Crap Cleaner
HDCleaner

Mailing
MailBox

FireWall
Jetico Personal
Firewall
Kerio Personal
Firewall

Webdesign
(WYSIWYG)
Microsoft
FrontPage Express
1st Page 2000
Trellian WebPage
Ewisoft Web
Builder
Enersoft
SiteGenWiz
WYSIWYG Web
Builder
NVU

CSS
Cascade DTP 3
DHE Editor
CSS Menu
Generator
TopStyleCSS

Validátory
SiteChecker
CSE HTML
Validator Lite
HTMLtidy
HTTrack

Management
súborov
FreeCommander
WorkSoft Navigator
muCommander

Kancelária
602Pro PC Suite
OpenOffice
AbiWord

Audit hardware
/software
Aida32
Everest Home
Edition
Group Mail Free

P2P
DC++
CZDC++
Strong DC++
Direct Connect
iMesh
Kazaa
Diet K
eMule
Overnet
Grokster
eDonkey2000
Bearshare
Limewire
Gnucleus
XoloX

Šifrovanie
PGP
BlueZone FTP

Audio
AudioGrabber
WinAmp
Sonique
CDex

Image
Irfan View
XnView
FreshView

Video
Microsoft Media
Player
Media Player
Classic
Quick Time Player
BSPlayer
MPlayer
Zoom Player
RadLight
Fusion Media
Player

Napaľovanie/Grab
ovanie CD/DVD
CDburnerXP Pro
DeepBurner
Burn4free
Easyburn
DVD Shrink
DVD Decrypter
DirectDVD
DVDRipp
EasyDivX
DVDx
RegCleaner
Disk Cleaner

� 2 ÈÒ – èíñòðóìåíò îáó÷åíèÿ è óïðàâëåíèÿ

Ìíîãèå çàäà÷è èññëåäîâàíèÿ â ðàçëè÷íûõ îáëàñòÿõ íàó÷íîé äåÿòåëüíîñòè íåìûñëèìû áåç

ïðèìåíåíèÿ èíôîðìàöèîííûõ òåõíîëîãèé. Èõ ìîæíî ðàçäåëèòü â íåñêîëüêî íàïðàâëåíèé –

ýêîíîìèêà, íàó÷íûå èññëåäîâàíèå â îáëàñòè ñòàòèñòèêè, ýíåðãåòèêè, ñòðîèòåëüñòâå è ò.ï.

� ÈÒ â ïðîöåññå ýêîíîìè÷åñêîãî àíàëèçà

Ñîäåðæàòåëüíàÿ êëàññèôèêàöèÿ öèðêóëèðóþùåé â ðàçíûõ îáúåêòàõ èíôîðìàöèè çàâèñèò

îò îòðàñëåâîé ïðèíàäëåæíîñòè è óðîâíÿ óïðàâëåíèÿ. Òåì íå ìåíåå, â ïðîöåññå îáðàáîòêè

èíôîðìàöèÿ ïðîõîäèò àíàëîãè÷íûå ñòàäèè, îáùèå â óïðàâëåíèè ðàçíûìè ýêîíîìè÷åñêèìè

îáúåêòàìè. Âèäû èíôîðìàöèè ðàçëè÷àþòñÿ:

� ôîðìîé ïðåäñòàâëåíèÿ,

� îðãàíèçàöèåé õðàíåíèÿ,

� õàðàêòåðîì îáðàáîòêè. Ñðåäè íàèáîëåå âàæíûõ õàðàêòåðèñòèê ýêîíîìè÷åñêîé èíôî-

ðìàöèè, îòðàæàþùèõ ïðåäúÿâëÿåìûå ê íåé òðåáîâàíèÿ, ìîãóò áûòü íàçâàíû êîððåêòíîñòü,

öåííîñòü, äîñòîâåðíîñòü, òî÷íîñòü, àêòóàëüíîñòü, ïîëíîòà.
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Ñõåìà óïðàâëåíèÿ áèçíåñ ïðîöåññîì â ðàìêàõ íåêîòîðîãî àáñòðàêòíîãî ýêîíîìè÷åñêîãî

îáúåêòà ñëåäóþùàÿ:

1. Èíôîðìàöèîííûå ïîòîêè, ïîñòóïàþùèå îò âíåøíèõ (óïðàâëÿþùèõ, ðåãóëèðóþùèõ è ò.ï.)

îðãàíîâ.

2. Èíôîðìàöèÿ îá óñëîâèÿõ õîçÿéñòâåííîé äåÿòåëüíîñòè (íàëè÷íûõ ðåñóðñàõ, ñðîêàõ

ïîñòàâîê è äð.).

3. Ñîáñòâåííî óïðàâëÿþùèå âîçäåéñòâèÿ – äîâåäåíèå ïðèíÿòûõ ðåøåíèé äî îáúåêòà óï-

ðàâëåíèÿ.

4. Èíôîðìàöèÿ î ðåàëèçàöèè óïðàâëÿþùèõ âîçäåéñòâèé.

5. Èíôîðìàöèÿ î ðåçóëüòàòàõ ïðîèçâîäñòâà (íàïðèìåð, âûïóùåííàÿ ïðîäóêöèÿ, îáúåì

ïðîäàæ è ò.ï.).

Ðèñ. 3 ÈÒ êàê èíñòðóìåíò îáó÷åíèÿ

Âõîäíàÿ èíôîðìàöèÿ ïîñòóïàåò â îðãàí óïðàâëåíèÿ èçâíå.

Ïåðâè÷íàÿ èíôîðìàöèÿ – ïîñòóïàåò íåïîñðåäñòâåííî îò îáúåêòà óïðàâëåíèÿ è ïîëó÷àåòñÿ â

ðåçóëüòàòå íåïîñðåäñòâåííîãî èçìåðåíèÿ èëè ïîäñ÷åòà. Ïåðâè÷íàÿ èíôîðìàöèÿ íåïîñðåäñ-

òâåííî ñîïðèêàñàåòñÿ ñ êîíêðåòíîé ñòîðîíîé äåÿòåëüíîñòè óïðàâëÿåìûõ ýêîíîìè÷åñêèõ îá-

úåêòîâ, ïðè ýòîì âêëþ÷àåò â ñåáÿ êàê ìåäëåííî èçìåíÿþùèåñÿ (óñëîâíî ïîñòîÿííûå), òàê

è îïåðàòèâíûå äàííûå.

Äèðåêòèâíàÿ èíôîðìàöèÿ – èñõîäèò èç âûøåñòîÿùèõ îðãàíîâ, è â çàâèñèìîñòè îò õàðàêòåðà

ïîä÷èíåííîñòè ìîæåò âêëþ÷àòü ðàçëè÷íûå ïàðàìåòðû è óñëîâèÿ ôîðìèðóåìîãî çàäàíèÿ. Äè-

ðåêòèâíûå äàííûå íåïîñðåäñòâåííî âëèÿþò íà öåëè ôóíêöèîíèðîâàíèÿ îáúåêòà. Îñâåä-

îìëÿþùàÿ èíôîðìàöèÿ – â îñíîâíîì ïîñòóïàåò îò âûøåñòîÿùèõ îðãàíîâ, à òàêæå îò äðóãèõ

îðãàíèçàöèé ñâÿçàííûõ ñ îáúåêòîì óïðàâëåíèÿ. Òàêæå îñâåäîìëÿþùèå äàííûå îïðåäåëÿþò

óñëîâèÿ ðàáîòû îáúåêòà. Ê âíóòðåííåé èíôîðìàöèè îòíîñèòñÿ: ó÷åòíàÿ, ïëàíîâàÿ, à òàêæå
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íîðìàòèâíî-ñïðàâî÷íàÿ èíôîðìàöèÿ. Ó÷åòíàÿ èíôîðìàöèÿ – îïèñûâàåò óæå ñîâåðøèâøèåñÿ

ïðîöåññû è ðåàëüíî ñóùåñòâóþùèå óñëîâèÿ. Îíà ÿâëÿåòñÿ îïðåäåëåííîé è íå çàâèñèò îò

ïîñëåäóþùèõ äåéñòâèé èëè ïðèíèìàåìûõ ðåøåíèé. Ïëàíîâàÿ (ïðîãíîçíàÿ) èíôîðìàöèÿ –

ìîæåò êîððåêòèðîâàòüñÿ ïðè èçìåíåíèè óñëîâèé èëè öåëåé.

Ó÷åòíàÿ è ïëàíîâàÿ èíôîðìàöèÿ ÿâëÿåòñÿ îñíîâîé âñåãî ïðîöåññà óïðàâëåíèÿ, â òîì ÷èñëå:

àíàëèç, ïðîãíîçèðîâàíèå, ðåãóëèðîâàíèå è äðóãèå ôóíêöèè.

Âìåñòå ñ íîðìàòèâíî-ñïðàâî÷íîé èíôîðìàöèåé, ýòè âèäû èíôîðìàöèè ÿâëÿþòñÿ âíóòðåííèìè

äëÿ îðãàíîâ óïðàâëåíèÿ è äîëæíû õðàíèòñÿ â èíôîðìàöèîííîé áàçå. Ñ åå ïîìîùüþ ïðîâîäÿòñÿ

ñëîæíûå âèäû îáðàáîòêè, êîòîðûå ïîçâîëÿþò îáåñïå÷èâàòü ðåøåíèå óïðàâëåí÷åñêèõ çàäà÷.

Îêîí÷àòåëüíûì èòîãîì îáðàáîòêè ÿâëÿþòñÿ ïîëó÷åííûå âûõîäíûå äàííûå.

Âûõîäíûå äàííûå (èíôîðìàöèÿ) èñïîëüçóþòñÿ äëÿ óïðàâëåíèÿ èëè êîíòðîëÿ èìè ñî ñòîðîíû

âûøåñòîÿùèõ èëè âíåøíèõ îðãàíîâ è ó÷àñòâóþò â ïîñëåäóþùèõ öèêëàõ îáðàáîòêè. Äåëåíèå

âûõîäíîé èíôîðìàöèè íà óïðàâëÿþùóþ è îò÷åòíóþ íîñèò ñóãóáî ñèìâîëè÷åñêèé õàðàêòåð, ò.ê.

äàííàÿ èíôîðìàöèÿ ìîæåò ïåðåñåêàòüñÿ, à òàêæå ñîäåðæàòü îäèíàêîâûå äàííûå. Ê âûõîäíûì

äàííûì îòíîñÿòñÿ òàêæå òå äàííûå, êîòîðûå ïîñòóïàþò â äðóãèå ïîäðàçäåëåíèÿ è ÿâëÿþòñÿ äëÿ

íèõ îñâåäîìëÿþùèìè

� ÈÒ â ïðîìûøëåííîñòè

Îñîáåííîå âíèìàíèå çàñëóæèâàþò ñèñòåìû ïîçâîëÿþùåå óïðîñòèòü ðàáîòó ïðîåêòè-

ðîâùèêîâ, ïðîãðàììèñòîâ, óïðàâëÿþùåãî ïåðñîíàëà. Ê íèì ìîæíî îòíåñòè CAD, CAM, Matlab,

ComputerControl è äðóãèå, ïîçâîëÿþùåå ñîçäàâàòü ýëåêòðè÷åñêèå ñõåìû, âêëþ÷àÿ ñèìóëÿöèþ

ðàáîòû, ñòðîèòåëüíûå ÷åðòåæè, ÷åðòåæè ðàçëè÷íûõ ìàøèí è ïîä.

� ÈÒ â óïðàâëåíèè îáùåñòâîì

Îãðîìíîå âëèÿíèå äëÿ óïðàâëåíèÿ äåÿòåëüíîñòüþ îðãàíîâ ãîñóäàðñòâåííîãî óïðàâëåíèÿ è

îðãàíîâ ñàìîóïðàâëåíèÿ èìåþò èíôîðìàöèîííûå ñèñòåìû, ïîçâîëÿþùåå ðåãèñòðèðîâàòü

è ïðîâåðÿòü äåÿòåëüíîñòü ýòèõ îðãàíîâ. Ñ èõ ïîìîùüþ âîçìîæíî ïðåäîñòàâëÿòü èíôîðìàöèè îá

èçäàííûõ ïðàâîâûõ àêòàõ, ïðîâåäåíèè âûáîðà ïîñòàâùèêîâ äëÿ ãîñóäàðñòâåííûõ çàêàçîâ,

ðåãèñòðèðîâàòü ïîñòóïëåíèå è ðàñõîäîâàíèå ãîñóäàðñòâåííûõ, ìóíèöèïàëüíûõ è äðóãèõ

îáùåñòâåííûõ ñðåäñòâ è ñðàâíèâàòü ñ ïðåäëîæåíèÿìè äðóãèõ ïîñòàâùèêîâ è çàêëþ÷åííûìè

äîãîâîðàìè.

� ÈÒ â óïðàâëåíèè íàó÷íûì ïðîöåññîì

Îñîáåííóþ ðîëü äîëæíû èìåòü ñèñòåìû óïðàâëåíèÿ äåÿòåëüíîñòüþ â ðàìêàõ ìåæäóíàðîä-

íîãî ñîòðóäíè÷åñòâà. Îãðîìíóþ ðîëü â ýòîì ìîãóò ñûãðàòü âèäåîêîíôåðåíöèè èëè âåáèíàðû.

Ê ýòîìó íåîáõîäèìî ïðèñîåäèíèòü (äîáàâèòü) åùå áàçó äàííûõ ñ âèäåîçàïèñüþ íàó÷íûõ

èññëåäîâàíèé, êîíôåðåíöèé, à òàêæå âîçìîæíîñòè èíòåðíåò òåëåâèäåíèÿ, â êîòîðîì ìîæíî

ïðîñìîòðåòü äàííûå çàïèñè.

� 3 ÈÒ – ñðåäñòâî îáó÷åíèÿ

Ïðîöåññ îáó÷åíèÿ â íàñòîÿùåå âðåìÿ ñèëüíî èçìåíÿåòñÿ). Îäíèì èç ôàêòîðîâ èçìåíåíèé

ÿâëÿåòñÿ àêòèâíîå ïðèìåíåíèå ÈÒ êàê ñî ñòîðîíû ñòóäåíòîâ, òàê è ñî ñòîðîíû ïðåïîäàâàòåëåé.

Îäíàêî íàäî ïîìíèòü, ÷òî ïðèìåíåíèå ÈÒ âëå÷åò çà ñîáîé áîëüøóþ îïàñíîñòü èõ

íåïðàâèëüíîãî ïðèìåíåíèÿ, ïîíèæåíèÿ ìîòèâàöèè îáó÷åíèÿ, óõóäøåíèÿ ïàìÿòè, ïîíèæåíèå

òðóäîñïîñîáíîñòè. Áîëüøîé ïðîáëåìîé ìîãóò ñòàòü è íåêîòîðûå ìîðàëüíûå àñïåêòû

ïðèìåíåíèÿ ÈÒ èëè âëèÿíèå ÈÒ íà ëè÷íîñòíûå õàðàêòåðèñòèêè ñòóäåíòà.
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Íà îñíîâàíèè àíàëèòè÷åñêèõ èññëåäîâàíèé ïðîâåäåííûõ ìíîãèìè ïåäàãîãàìè, îò÷åòîâ

ìíîãèõ óíèâåðñèòåòîâ è ïñèõîëîãè÷åñêèõ êîíñóëüòàöèé ìîæíî îïðåäåëèòü íåêîòîðûå

îñíîâíûå ïðîáëåìû, êîòîðûå ÿâëÿþòñÿ ïðè÷èíîé ïðåæäåâðåìåííîãî îêîí÷àíèÿ îáó÷åíèÿ íà

ïåðâîì êóðñå. Ê îñíîâíûì ïðîáëåìàì, êîòîðûå âîçíèêàþò â ïðîöåññå îáó÷åíèÿ â âóçàõ ìîæíî

îòíåñòè:

1) îðèåíòàöèÿ â ïîìåùåíèÿõ âóçà;

2) îðèåíòàöèÿ â ôîðìàõ, âèäàõ, ñðîêàõ ñäà÷è ðåçóëüòàòîâ ðàáîò;

3) ðàçëè÷íûé óðîâåíü çíàíèé ñòóäåíòîâ;

4) ïåðåãðóçêè ñòóäåíòîâ – ðîñò êîëè÷åñòâà ïðåäìåòîâ;

5) íåñïîñîáíîñòü ñòóäåíòîâ ñàìîñòîÿòåëüíî îáðàáîòàòü ó÷åáíûé ìàòåðèàë;

6) ïñèõîëîãè÷åñêèå ïðîáëåìû ñòóäåíòîâ.

Ðèñ. 4 Èñïîëüçîâàíèå ÈÒ äëÿ ïîâûøåíèÿ êà÷åñòâà îáó÷åíèÿ

Íà ðèñóíêå /Ðèñ. 4 /ïðèâåäåííàÿ ñòðóêòóðà ðàçäåëåíèÿ ôóíêöèé èñïîëüçîâàíèÿ ÈÒ. êàê

ñðåäñòâà äëÿ ïîâûøåíèÿ êà÷åñòâà îáó÷åíèÿ.

Èíôîðìàöèîííûå è êîììóíèêàöèîííûå òåõíîëîãèè èìåþò ñâîå íåçàìåíèìîå ìåñòî

â ïðîöåññå îáó÷åíèÿ. Â òàáëèöå íèæå ïðèâåäåíû íåêîòîðûå âèäû äåÿòåëüíîñòè ïðè

îáó÷åíèè, è îñíîâíîå ïðîãðàììíîå îáåñïå÷åíèå, êîòîðîå îêàçûâàåò ïîääåðæêó

ýòèì ôîðìàì îáó÷åíèÿ.
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Tab. 2 Ìåòîäû è ôîðìû îáó÷åíèÿ ñ ïðèìåíåíèåì ÈÒ

ÌåòîäûÔîðìû ëåêöèÿ äèñêóññèÿ ïîêàç
Äèäàêòè÷åñêîå
òåñòèðîâàíèå

Ïðîáëåìíàÿ
ëåêöèÿ

Ðàáîòà ñ
òåêñòîì, ñõåìîé

çàíÿòèå îñíîâí
îãî òèïà

PowerPoint
MsPaint

Win.MediaPlayer
RealPlay

Excel,
špeciálne prog.

špec.programy
(Cabri geometria

Word,
AcrobatReader

ñåìèíàð CAD systémy
ACAD,
ORCAD

PowerPoint,
InternetExplorer
FlashPlayer
WinMediaPlayer

ORCAD
AUTOCAD

ýêñêóðñèÿ PowerPoint
Excel
Word

EVO
WinMedia
Player

Êðîìå óêàçàííûõ è ìíîæåñòâà äðóãèõ ïðîãðàììíûõ ñèñòåì, ñóùåñòâóþò ñèñòåìû,

îðèåíòèðîâàííûå íà ïîäåðæó îáó÷åíèÿ – Learning Management System – (LMS). Ê òàêèì

ñèñòåìàì, èñïîëüçóåìûì â Ñëîâàêèè, ïðèíàäëåæàò Moodle, WebCT, Tutor2000, uLern.

Ñ ïîìîùüþ äàííûõ ñèñòåì ìîæíî ïðîâîäèò îáó÷åíèå â äèñòàíöèîííîé ôîðìå. Îäíèì èç

íåäîñòàòêîâ òàêîé ñèñòåìû ïî ñðàâíåíèþ ñ êëàññè÷åñêèì ìåòîäîì ÿâëÿåòñÿ îòñóòñòâèå

âèçóàëüíîãî êîíòàêòà ñ ó÷èòåëåì. Èìåííî ýòîò íåäîñòàòîê ìîæíî óñòðàíèòü, ïðèìåíÿÿ ñèñòåìó

âèäåîêîíôåðåíöèé. Å-Learning – ñèñòåìà îáó÷åíèÿ, êîòîðàÿ ñîñòîèò èç ðàçëè÷íûõ

òèïîâ îáó÷åíèÿ: òðàäèöèîííîãî, äíåâíîãî, çàî÷íîãî è êîìïüþòåðíîãî. Ýòà ñèñòåìà ïîëó÷èëà

ñâîå ðàçâèòèå áëàãîäàðÿ ðàçâèòèþ êîìïüþòåðíûõ ñåòåé, êîãäà ñòóäåíòû èìåþò

âîçìîæíîñòü ïîëó÷àòü íîâûå çíàíèÿ â ëþáîå âðåìüÿ è ëþáîì ìåñòå. Ñèñòåìà e-Learning

ñîäåðæèò êàê ýëåêòðîííóþ, òàê è äèñòàíöèîííóþ ôîðìó îáó÷åíèÿ, ò.å. ïîëüçîâàòåëè ìîãóò

îáó÷àòüñÿ) ïîñðåäñòâîì òåõíîëîãèè Èíòåðíåò èëè ñ èñïîëüçîâàíèåì ýëåêòðîííûõ êóðñîâ,

íàõîäÿùèõñÿ íà CD.

� Îáðàòíàÿ ñâÿçü â ïðîöåññå îáó÷åíèÿ

Ïðîöåññ îáó÷åíèÿ ñ åãî ó÷àñòíèêàìè, öåëüþ è ñïîñîáàìè èõ äîñòèæåíèÿ ìîæíî

ïðèðàâíèâàòü, ñ îïðåäåëåííûìè óïðîùåíèÿìè ê òåõíè÷åñêîé ñèñòåìå óïðàâëåíèÿ. Îñíîâíîé

òåìîé ÿâëÿåòñÿ ðàñêðûòèå âîïðîñà î ñîçäàíèè îáðàòíîé ñâÿçè, îöåíêå óñòîé÷èâîñòè åå

èñïîëüçîâàíèÿ è òåõíè÷åñêèõ ñðåäñòâ åå ðåàëèçàöèè.

Îäíîé èç îñíîâíûõ çàäà÷ óïðàâëåíèÿ ïðîöåññàìè ÿâëÿåòñÿ ñîçäàíèå ïðàâèëüíîé îáðàòíîé

ñâÿçè, êîòîðàÿ ïîçâîëÿåò óïðàâëÿåìóþ ñèñòåìó íå òîëüêî ïîääåðæèâàòü â óñòîé÷èâîì

ñîñòîÿíèè, à òàêæå äîñòèãàòü æåëàåìîãî ðåçóëüòàòó. Â òåõíèêå ðàçðàáîòàíû ðàçëè÷íûå

ïîäõîäû ñîçäàíèÿ ýôôåêòèâíîé îáðàòíîé ñâÿçè, êàê äëÿ ëèíåéíûõ, òàê è íåëèíåéíûõ ñèñòåì.

Ïðîöåññ îáó÷åíèÿ íàïðàâëåí íà äîñòèæåíèå îïðåäåëåííûõ öåëåé, êîòîðûå íåîáõîäèìî äîñòè÷ü

â çàäàííûå ñðîêè. Ïîýòîìó è íà ïðîöåññ îáó÷åíèÿ ìîæíî ñìîòðåòü êàê íà ñèñòåìó, êîòîðàÿ

èìååò ìíîãèå îáùèå õàðàêòåðèñòèêè ñ òåõíè÷åñêèìè ñèñòåìàìè.

Öåëüþ äàííîé ÷àñòè ÿâëÿåòñÿ ðàñêðûòèå ïîíÿòèÿ îáðàòíàÿ ñâÿçü â ïðîöåññå îáó÷åíèÿ è åå

ðåàëèçàöèÿ ñ èñïîëüçîâàíèåì ñîâðåìåííûõ èíôîðìàöèîííûõ è êîììóíèêàöèîííûõ òåõíî-

ëîãèé.

Îáðàòíóþ ñâÿçü â ïðîöåññå îáó÷åíèÿ ìîæíî ðàññìàòðèâàòü ñ ðàçëè÷íûõ ñòîðîí è äëÿ åå

ðàçäåëåíèÿ ïðèíèìàþò ðàçëè÷íûå êðèòåðèè. Íà ðèñóíêå / Ðèñ. 5/ ïðèâåäåííàÿ ñòðóêòóðà

ðàçäåëåíèÿ îáðàòíîé ñâÿçè è â òàáëèöå /Tab. 3/ âîçìîæíîñòè åå ðåàëèçàöèè.
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Ðèñ. 5 Êðèòåðèÿ ðàçäåëåíèÿ îáðàòíîé ñâúÿçè

Tab. 3 Ïðèìåíåíèå ÈÒ äëÿ ñîçäàíèÿ îáðàòíîé ñâÿçè

ïðèìåíåíèå LMS äðóãèå ïðèêëàäíûå ïðîãðàììû

ôîðìà òåñò ÷àò ôîðóì
êîðîòêèé

òåêñò
ôàé

òàáëè÷íàÿ
ïðîãðàììà

òåêñòîâàÿ
ïðîãðàììà

ïðåçåíòàöèÿ

äèäàêòè÷åñêè
é òåñò â êîíöå
ñåìèíàðà

x x x

ïðîìåæóòî÷í
ûå òåñòû

x x x

êîíòðîëüíûå
âîïðîñû

x x x x

àíàëèç x

äèñêóññèÿ x x x

ñî÷èíåíèå x x x

òåñò
ñ îòêðûòûìè
âîïðîñàìè

x x x x

êóðñîâàÿ
ðàáîòà

x x x

çàêëþ÷èòåëüí
ûé ýêçàìåí

Äëÿ ðåàëèçàöèè ðàçëè÷íûõ ôîðì ïðîâåðêè çíàíèé, ñòèìóëèðîâàíèÿ ñòóäåíòà, ïðåçåíòàöèè

ðåçóëüòàòîâ òðóäà, îáìåíà îïûòîì è äðóãèõ, ìîæíî èñïîëüçîâàòü ðàçëè÷íûå ñðåäñòâà – â òîì

÷èñëå èíôîðìàöèîííûå è êîììóíèêàöèîííûå òåõíîëîãèè íà áàçå âû÷èñëèòåëüíîé òåõíèêè.
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� Ðàñøèðåíèå ìåæäóíàðîäíîãî ñîòðóäíè÷åñòâà âóçîâ

Áîëüøèì âêëàäîì â ðàçâèòèå ìåæäóíàðîäíîãî ñîòðóäíè÷åñòâà âíåñëè âèäåîêîíôåðåíöèé,

êîòîðûì ÿâëÿåòñÿ âîçìîæíîñòü ðåàëèçàöèè âçàèìíûõ âñòðå÷ ñòóäåíòîâ èç ðàçëè÷íûõ ñòðàí. Áë-

àãîäàðÿ íèì ìîæíî îðãàíèçîâàòü ñòóäåí÷åñêèå êîíôåðåíöèè, îáìåí îïûòîì ìåæäó íèìè,

âçàèìíîå ó÷àñòèå íà ëåêöèÿõ, ñåìèíàðàõ. Ñàìûå óäà÷íûå ðàáîòû ìîãóò áûòü âïîñëåäñòâèè

ïðåäñòàâëåíû íà ìåæäóíàðîäíûõ íàó÷íûõ êîíôåðåíöèÿõ.

Åñëè íàì íåîáõîäèìî ñîõðàíèòü èçîáðàæåíèå ñ öåëüþ òðàíñëÿöèè ëåêöèè ñòóäåíòàì â äâóõ

ðàçëè÷íûõ ãåîãðàôè÷åñêèõ îáëàñòÿõ ìîæíî âîñïîëüçîâàòüñÿ óíèâåðñàëüíîé ïðîãðàììîé EVO –

enabling virtual organization. Ýòî web-îðèåíòèðîâàííàÿ ñèñòåìà âèäåîêîíôåðåíöñâÿçè ÷åðåç IP

ñåòè. Äàííàÿ ïðîãðàììà EVO â íàñòîÿùåå âðåìÿ ïðèìåíÿåòñÿ â Ýêîíîìè÷åñêîì óíèâåðñèòåòå

äëÿ ðàçëè÷íûõ öåëåé, íàïðèìåð, äëÿ òðàíñëÿöèè ëåêöèé â ðåàëüíîì âðåìåíè äëÿ ñòóäåíòîâ

â Áðàòèñëàâå, à òàêæå äëÿ òåõ ñòóäåíòîâ, êîòîðûå íàõîäÿòñÿ â ó÷åáíûõ öåíòðàõ óíèâåðñèòåòà

â ãîðîäàõ Ïóõîâ, Æàðíîâèöà, Ñåíèöà, Ëåâèöå. Äàííàÿ ïðîãðàììà ïîçâîëÿåò çàïèñûâàòü

íåñêîëüêî èñòî÷íèêîâ (âèäåî, ïðåçåíòàöèÿ, whiteboard) ñ òåì, ÷òîáû â áóäóùåì ìîæíî áûëî èõ

ñíîâà èñïîëüçîâàòü.

Ñëåäóþùåé ïðîãðàììîé äëÿ çàïèñè âèäåî ðîëèêîâ ÿâëÿåòñÿ Pinnacle studio îò ôèðìû Pin-

nacle systems Inc. Äàííàÿ ïðîãðàììà î÷åíü èíòåðåñíàÿ áëàãîäàðÿ ñâîèì øèðîêèì âîçìî-

æíîñòÿì. Êðîìå òîãî, îíà î÷åíü ïðîñòàÿ è óäîáíàÿ äëÿ ïîëüçîâàòåëÿ.

Çàõâàò èçîáðàæåíèÿ ñ ýêðàíà â íàñòîÿùåå âðåìÿ äîñòàòî÷íî øèðîêî ðàñïðîñòðàíåííûé

ìåòîä. Èçîáðàæåíèå ñ ýêðàíà ìîæíî ñíèìàòü íåïîñðåäñòâåííî ïðîãðàììíûìè âîçìîæíîñòÿìè

êîìïüþòåðà, íî òàêæå ñóùåñòâóåò âîçìîæíîñòü ïåðåäà÷è äàííîãî èçîáðàæåíèÿ â ðåàëüíîì

âðåìåíè íà äðóãèå êîìïüþòåðû èëè ñîõðàíåíèÿ äëÿ åãî ïîñëåäóþùåãî èñïîëüçîâàíèÿ.

Ê ïðîãðàììàì äëÿ çàõâàòà èçîáðàæåíèÿ îòíîñÿòñÿ:

Quick Screen Capture –ìîùíûé è î÷åíü óäîáíûé èíñòðóìåíò äëÿ çàõâàòà èçîáðàæåíèÿ ýê-

ðàíà è èõ ïðîñìîòðà. Ïîçâîëÿåò âûïîëíÿòü çàõâàò ñ ëþáîé ÷àñòè ýêðàíà áîëåå ÷åì äåñÿòüþ

ñïîñîáàìè è ñîõðàíÿòü â ôîðìàòàõ BMP/JPG/GIF. Äàííàÿ ïðîãðàììà èìååò ìíîãîôóíêöèîíà-

ëüíûé ãðàôè÷åñêèé ðåäàêòîð, êîòîðûé ïîçâîëÿåò ìåíÿòü ïðîñòûå ñíèìêè ýêðàíà

â âïå÷àòëÿþùèå èçîáðàæåíèÿ, êîòîðûå ìîãóò èñïîëüçîâàòüñÿ äëÿ ïðåçåíòàöèé, ôëàéåðîâ èëè

áðîøþð. Âû ìîæåòå óâåëè÷èâàòü èëè óìåíüøàòü èçîáðàæåíèÿ, îáðåçàòü, êîïèðîâàòü

è âñòàâëÿòü âñå èëè òîëüêî ÷àñòè èçîáðàæåíèÿ, èçìåíÿòü èõ ðàçìåð, ïåðåâîðà÷èâàòü, îáðåçàòü

èëè ñîõðàíÿòü. (http://www.etrusoft.com/)

Super Screen Capture – Ýòî øèðîêîäîñòóïíàÿ ïðîãðàììà all-in-one, äëÿ ìãíîâåííîãî

ñíÿòèÿ ñêðèíøîòîâ ñ ýêðàíà. Â ïðîãðàììó âñòðîåí ðåæèì ïåðåñìîòðà ñîçäàííûõ ñêðèíøîòîâ, ñ

èñïîëüçîâàíèåì ìèíèàòþð. Ïîääåðæèâàþòñÿ íåñêîëüêî ôîðìàòîâ äëÿ ñîçäàâàåìûõ ôàéëîâ

(BMP, GIF, JPEG, PNG, TIFF). Âñÿ ôóíêöèîíàëüíàÿ ÷àñòü ðàçìåùåíà âñåãî ëèøü â îäíîì

îêíå. http://www.free-screen-capture.com/

CaptureWizPro – Îñîáåííîñòüþ äàííîãî ïðîãðàììíîãî ïðîäóêòà ÿâëÿåòñÿ âîçìîæíîñòü

ñîçäàíèÿ âèäåîðîëèêà, äàííàÿ ïðîãðàììà ïðåäíàçíà÷åíà äëÿ çàõâàòà, ïðîñìîòðà, ðàñïå÷àòêè,

ñîõðàíåíèÿ èëè îòïðàâêè ïî ïî÷òå èçîáðàæåíèÿ ñ ýêðàíà êîìïüþòåðà. Áîëüøèíñòâî îïåðàöèé

ìîæíî âûïîëíèòü ïðè ïîìîùè âñïëûâàþùèõ ìåíþ è îêîí, êîòîðûå àâòîìàòè÷åñêè ïîÿâëÿþòñÿ

è ñàìè èñ÷åçàþò. http://www.snapfiles.com/features/ capturewiz-8032-491952.php

� Íåêîòîðûå ìîðàëüíûå àñïåêòû ïðèìåíåíèÿ ÈÒ

Èíôîðìàöèîííûå òåõíîëîãèè ìîãóò áûòü íå òîëüêî õîðîøèìè ïîìîùíèêàìè, íî èñêó-

øàþò íàðóøèòü ìîðàëüíûõ òðàäèöèé ïðè èõ ïðèìåíåíèè.
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Íåêîòîðûå èç îáëàñòåé ýòè÷åñêèõ ïðîáëåì â èñïîëüçîâàíèè ÈÒ

â ðàáîòå ó÷èòåëÿ

� çëîóïîòðåáëåíèå ÷óæèìè ó÷åáíûìè ìàòåðèàëàìè,

� èñïîëüçîâàíèå ÷ðåçìåðíîãî êîëè÷åñòâà êîíòðîëüíûõ ìåõàíèçìîâ

� ÷àñòîå èçìåíåíèå ðàñïèñàíèÿ ó÷åáíîãî ïðîöåññà,

� íåóìåñòíîå ðàñêðûòèå èíôîðìàöèè î ðåçóëüòàòàõ ñòóäåíòîâ

â ðàáîòå ñòóäåíòà

� êîïèðîâàíèå äðóãèõ ñòóäåí÷åñêèõ ðàáîò

� çëîóïîòðåáëåíèå ÈÒ ïðè ïðîâåðêå çíàíèé

� ÷àñòûå è íåîïðàâäàííûå èçìåíåíèÿ òåðìèíîâ êîíñóëüòàöèé, ñåìèíàðîâ,

� îáùåíèå ñ êîëëåãàìè ñ èñïîëüçîâàíèåì äðóãîãî èìåíè

� ðàñïðîñòðàíåíèå ëîæíîé èëè íå ñîâñåì ïðàâèëüíîé èíôîðìàöèè

Ïðèâåäåííûå âîçìîæíîñòè çëîóïîòðåáëåíèÿ ïðåäñòàâëÿþò îïàñíîñòè, êîòîðûå äîëæíû

çíàòü ñòóäåíòû, íî îäíîâðåìåííî èì íåîáõîäèìî îáúÿñíèòü âñå âîçìîæíûå ïîñëåäñòâèÿ.

� Ëè÷íîñòü è âèðòóàëüíûé ìèð

Ñ ðàçâèòèåì âèðòóàëüíîé èäåíòè÷íîñòè è âèðòóàëüíûõ ìèðîâ ðåçêî ìåíÿþòñÿ è îòíîøåíèÿ

ìåæäó ëþäüìè. Áîëüøîå çíà÷åíèå ïðèîáðåòàþò on-line îòíîøåíèÿ, êîòîðûå ïîðîé âûòåñíÿþò

ïðÿìûå. Åñòåñòâåííî, ÷òî ýòî ðàçâèòèå ïîíÿòíî, íî íåèçâåñòíî, ñ òî÷êè çðåíèÿ ýòèêè,

ñîöèàëüíîãî è êóëüòóðíîãî ðàçâèòèÿ ýòî ñàìîå ïîäõîäÿùåå ðàçâèòèå. Ýòî âñå ïðèâîäèò

ê ðàçâèòèþ âèðòóàëüíîé êóëüòóðû

Âàæíîå âíèìàíèå íåîáõîäèìî óäåëèòü âèðòóàëüíûì îïàñíîñòÿì. Îíè âûòåêàþò èç ñàìîãî

ïîíÿòèÿ âèðòóàëüíîé èäåíòè÷íîñòè, ïðîõîäÿò â âèðòóàëüíîì ìèðå, íî ìîãóò èìåòü ñàìûå

ðåàëüíûå ïîñëåäñòâèÿ.

Èñïîëüçîâàíèå èíôîðìàöèîííûõ òåõíîëîãèé â íàñòîÿùåå âðåìÿ ìîæåò èìåòü íå òîëüêî

ïîëîæèòåëüíûå ñòîðîíû, íî ìîæåò ïðèíåñòè è ìíîãî îòðèöàòåëüíûõ ÿâëåíèé /Ðèñ. 6/. Ñ îäíîé

ñòîðîíû ñîçäàíèå âèðòóàëüíûõ ìèðîâ èëè õîòÿ áû âîçìîæíîñòü êîììóíèêàöèè ïîñðåäñòâîì

ðàçëè÷íûõ èíñòðóìåíòîâ ìîæåò ïîìî÷ü íåñìåëûì, çàñòåí÷èâûì, ñëèøêîì ñêðîìíûì ëþäÿì

ïðîÿâèòü ñåáÿ. Ïðèáåãàÿ ê âèðòóàëüíîé ôîðìå ëè÷íîñòè, ÷åëîâåê òåðÿåò ñâîþ ðîáîñòü

è ñòàíîâèòñÿ îòëè÷íûì ìåíåäæåðîì ðåøåíèÿ îáùåñòâåííûõ èëè íàó÷íûõ ïðîáëåì.

Ðèñ. 6 Ðàçäåëåíèå îïàñíîñòè ñ ïðèìåíåíèåì ÈÒ
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Èíîãäà, óñòðàíèâ ïðÿìóþ èäåíòè÷íîñòü, ÷åëîâåê ÷óâñòâóåò ñåáÿ î÷åíü ñâîáîäíûì, è ñâîè

ñïîñîáíîñòè ìîæåò ïðèìåíèòü äëÿ îðãàíèçàöèè ðàçëè÷íîãî ðîäà ãðóïï. Ïîä ïîíÿòèåì

áåçîïàñíûõ ñåòåé íåîáõîäèìî ïîíèìàòü íå òîëüêî êëàññè÷åñêóþ çàùèòó äàííûõ, íî è çàùèòó

ëè÷íîñòè, îñîáåííî ìîëîäûõ ëþäåé.

� Çàêëþ÷åíèå
Èíôîðìàöèîííûå òåõíîëîãèè ìîãóò áûòü õîðîøèì ïîìîùíèêîì ðàçâèòèÿ ÷åëîâåêà ïðè

óñëîâèè, ÷òî îíè íå ñòàíóò ìîäíîé èãðóøêîé, ñðåäñòâîì äëÿ óåäèíåíèÿ ÷åëîâåêà, èíñòðóìåíò-

îì íåïðàâèëüíîãî èñïîëüçîâàíèÿ òðóäîâ äðóãèõ ó÷åííûõ, ñðåäñòâîì ïîíèæåíèÿ êà÷åñòâà

îáó÷åíèÿ, ïðîèçâîäñòâà è ò.ï.
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Íà ñõåìå /Ðèñ. 7/ ïðèâåäåíû îñíîâíûå ïðèìåðû ðàçäåëåíèÿ ïðèìåíåíèÿ ÈÒ â ðàçëè÷íûõ

îáëàñòÿõ æèçíè.

ÈÒ äîëæíû ñòàòü ìíîãîãðàííûì èíñòðóìåíòîì óëó÷øåíèÿ êà÷åñòâà æèçíè ÷åëîâåêà. Äëÿ

ýòîãî íåîáõîäèìî õîðîøî èçó÷àòü èõ òåõíîëîãè÷åñêóþ ñòîðîíó, âîçìîæíîñòè èõ ïðàâèëüíîãî

ïðèìåíåíèÿ äëÿ ðàñøèðåíèÿ íàó÷íîé äåÿòåëüíîñòè, ðåøåíèÿ çàäà÷, òðåáóþùèõ îáðàáîòêó

áîëüøîãî êîëè÷åñòâà èíôîðìàöèé è òàêæå ðàçëè÷íûå âîçìîæíîñòè èõ ïðèìåíåíèÿ äëÿ

ðàçâèòèÿ òâîð÷åñêîãî ïðèíöèïà îáó÷åíèÿ.

Èíôîðìàöèîííûå òåõíîëîãèè âíîñÿò ìíîãèå ñïåöèôè÷åñêèå ìîìåíòû â ëþáóþ îáëàñòü

æèçíè ÷åëîâåêà è îáùåñòâà. Ìíîãèå ïîëüçîâàòåëè ïðåäïîëàãàþò, ÷òî ïðèìåíåíèå ÈÒ âíîñèò

ñâîé ïîëîæèòåëüíûé âêëàä â ïîâûøåíèå êà÷åñòâà æèçíè, â ÷àñòíîñòè ïîâûøåíèå êà÷åñòâà

îáðàçîâàíèÿ.

Èìåííî ýòîìó âîïðîñó – ïîâûøåíèå êà÷åñòâà îáó÷åíèÿ - ïîñâÿùåíû îñíîâíûå èäåè äàííîé

ñòàòè. Íåîáõîäèìî ñêàçàòü, ÷òî ÈÒ èìåþò íå òîëüêî ïîëîæèòåëüíûå âëèÿíèå íà ðàçâèòèå

êà÷åñòâà îáó÷åíèÿ, íî òàêæå èìåþò è ñâîè îòðèöàòåëüíûå ñòîðîíû.

Íà îñíîâå ðåçóëüòàòîâ äàííîé ðàáîòû ïðåäëàãàåì ñîçäàòü ðÿä ñîâìåñòíûõ ïðîåêòîâ

íàïðàâëåííûõ íà: – âûÿâëåíèå ïîëîæèòåëüíûõ è îòðèöàòåëüíûõ ñâîéñòâ ÈÒ íà ïðîöåññ

îáó÷åíèÿ; – âûÿâëåíèå âîçìîæíîñòåé ðàñøèðåíèÿ ïðèìåíåíèÿ ÈÒ â ïðîöåññå îáó÷åíèÿ; –

ðàçðàáîòêó ìåòîäîâ è ïàðàìåòðîâ îöåíêè òåñòîâ; – ðàçðàáîòêó êóðñîâ ñ ïðèìåíåíèåì Ìóäë; –

ðàçðàáîòêó îïðîñîâ ñ ïðèìåíåíèåì Ìóäë; – ðàçðàáîòêó ñàéòîâ äëÿ îïðîñà. Âñå ýòè ïðîåêòû

ïîìîãóò ðàçâèòü âçàèìíîå ñîòðóäíè÷åñòâî â îáëàñòè ðàçâèòèÿ èñïîëüçîâàíèÿ èíôîðìàöèîííûõ

òåõíîëîãèé.
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Abstract:

Pan-European University with the Institute of Economic Research SAS are stakeholders of the
project “ Improving Quality Management Center Transfer of Kowledge into Practice“ (project
code ITMS 26240220021), started from October 2009.

The aim of the project is to improve the knowledge transfer into practice by strengthening the
capacity and quality of internal management of Center of Knowledge Transfer and to improve
management of intellectual property rights for Pan-European University, Institute of
Economic Research SAS and other stakeholders mainly public sector institutions. Thereby
contribute to increasing cooperation R & D institutions in the region of Bratislava.

� Projektový zámer
Lisabonská stratégia EÚ definovala okrem vzdelávacieho a vedecko-výskumného poslania aj

tretie poslanie vysokých škôl – prenos poznatkov do praxe, ktorého úlohou je uplatňovanie apli-
kovaných výstupov vedy, prenos nových poznatkov, zakladanie inovatívnych spoločností a pria-
me pôsobenie na rozvoj regiónov. Toto poslanie univerzít je spoločenskou nutnosťou, je nevy-
hnutná aplikácia v praxi využiteľných nových poznatkov, aby univerzita zaujala významnú
úlohu v regióne a tým získala rešpekt a úctu.

Centrá pre transfer poznatkov do praxe sú v súčasnosti neoddeliteľnou súčasťou každej mo-
dernej univerzity, ako aj výskumných organizácií. Agenda prenosu poznatkov výskumu a vývo-
ja do praxe by mala byť považovaná za agendu porovnateľnú svojim významom s hlavným po-
slaním vzdelávacích a výskumných inštitúcií – vzdelávať a skúmať.

Paneurópska vysoká škola (ďalej „PEVŠ“) a partner projektu Ekonomickým ústavom SAV
(ďalej „EÚ SAV“) disponujú množstvom poznatkov a výsledkov svojho realizovaného výskumu
a vývoja, identifikovali bariéry, ktoré bránia transferu a využiteľnosti poznatkov do praxe a pre
potenciálnych klientov. V snahe eliminovať tieto bariéry PEVŠ formulovala stratégiu, vytvorila
systém a vyberala vhodný model Centra transferu poznatkov, ktorý bude organizovaný ako
kombinácia vertikálneho riadenia a horizontálnej spolupráce Centra transferu poznatkov s jed-
notlivými fakultami a pracoviskami PEVŠ. Zabezpečí sa tak účinný transfer poznatkov do praxe
na základe vonkajšieho dopytu v rámci inštitúcií verejného sektora.

Cieľ realizovaného projektu sa splnil. Je vytvorené Centrum transferu poznatkov, čím sa od-
stránili bariéry brániace transferu poznatkov do praxe, zabezpečila sa podpora a ochrana riade-
nia práv duševného vlastníctva pri transfere poznatkov do praxe. Projekt riešil identifikované
potreby a jeho realizáciou je vytvorené fungujúce moderné Centrum transferu poznatkov
do praxe a vytvorená funkčná platforma, v rámci ktorej bude možné nielen efektívne nielen
transferovať poznatky a výstupy výskumu do praxe, ale aj tieto produkty duševného vlastníctva
ochrániť.
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� Boli vytvorené

Predstavuje elektronickú databázu, ktorá je zbierkou rozhodnutí orgánov štátnej správy SR,
EÚ a WIPO, legislatívy a literatúry relevantnej k právam duševného vlastníctva. Rozsah databázy
je od roku 1993 do konca roka 2009, v prípade legislatívy sa rozsah dotýka najmenej všetkých,
k 31. decembru 2009 záväzných právnych predpisov SR a medzinárodných zmlúv v oblasti du-
ševného vlastníctva, ktorými je SR viazaná, a primárneho a sekundárneho práva EÚ; v prípade li-
teratúry sa rozsah dotýka odborných domácich a zahraničných neperiodických publikácií a pe-
riodických publikácií najmenej od roku 1993 minimálne vo forme anotácií, rešerší alebo
bibliografických odkazov. Obsah databázy pokrýva celú oblasť autorského práva a práv súvisia-
cich s autorským právom, oblasť práva priemyselného vlastníctva, ako aj ďalších oblasti práva
duševného vlastníctva vrátane práva proti nekalej súťaži.

Predstavuje takú databázu, ktorá obsahuje ponuku poznatkov a technológií, schopnosť zis-
ťovať záujem o produkty zadávateľa, vyhodnocovať informácie obsiahnuté v databáze. Databáza
poskytuje možnosť organizovať priame kontakty medzi jednotlivými pracoviskami zadávateľa
a klientmi ako i navrhovanie, organizovanie a riadene spoločných projektov zadávateľa a klien-
tov. Umožňuje komunikáciu so sprostredkovateľom (zistenie záujmu o spoluprácu, prínos pre
zadávateľa, know – how a skúsenosti sprostredkovateľa v oblasti prenosu poznatkov a technoló-
gií, navrhovaná oblasť spolupráce a pod.). Sú zbierané informácie o klientoch (odberateľoch
predmetov ochrany duševného vlastníctva) v minimálnej odporúčanej štruktúre.

Zber údajov a produktov vedeckých pracovísk (PEVŠ a EÚ SAV). Informácie o existujúcich
vedeckovýskumných projektoch: údaje o interných projektoch, kde je prijímateľom zadávateľ
a údaje o externých projektoch, kde je zadávateľ partnerom, alebo spoluriešiteľom, metodiku
spracovania výstupov a výsledkov projektov, návrh vnútorného marketingu na podporu vedec-
kých pracovísk, návrhy systému rýchlej a prehľadnej orientácie v jednotlivých produktoch a vý-
skumných výstupoch, priebežná aktualizácia s programátorom databázy.

Jedná sa o zber údajov o subjektoch transferu poznatkov. Ponúka rýchlu a prehľadnú orien-
táciu v databáze subjektov transferu poznatkov.

Centrum transferu poznatkov spolu s Paneurópskou vysokou školou vydáva medzinárodný
vedecký časopis Creative and Knowledge Society/International Scientific Journal, v ktorom čita-
teľ nájde množstvo kvalitných vedeckých článkov v anglickom, slovenskom, českom a ruskom
jazyku.

Elektronická verzia časopisu je uverejnená v medzinárodnej databáze/knižnici vedeckých
časopisov na web stránke: http://versita.com/CKS, alebo http://versitaopen.com/CKS .

� Realizované aktivity projektu

Aktivita 1.1 – vypracovanie projektu na zriadenie útvarov manažmentu CTP a jeho imple-
mentácia

Aktivita 1.2 – vypracovanie expertíz a odborných posudkov k projektom – SAV
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Aktivita 1.3 – vypracovanie projektu systému ochrany duševného vlastníctva a jeho imple-
mentácia

Aktivita 2.1 – prevádzka činností útvarov CTP

Aktivita 3.1 – vypracovanie projektu transferu poznatkov do praxe

Aktivita 3.2 – implementácia projektu transferu poznatkov do praxe

Aktivita 4.1 – vytvorenie projektu informačnej a komunikačnej platformy centra a jeho im-
plementácia

� Harmonogram realizovaného projektu

Názov aktivity začiatok realizácie ukončenie realizácie
1.1 Vypracovanie projektu na zriadenie útvarov

manažmentu
10/2009 12/2009

1.2 Vypracovanie expertíz a odborných posudkov
k projektom

12/2009 04/2010

1.3 Vypracovanie projektu systému ochrany
duševného vlastníctva a jeho implementácia

11/2009 02/2012

2.1 Prevádzka činností útvarov CTP 09/2009 02/2012
3.1 Vypracovanie projektu transferu poznatkov

do praxe
10/2009 12/2009

3.2 Implementácia projektu transferu poznatkov
do praxe

01/2010 02/2012

4.1 Vytvorenie projektu IKT platformy centra a jeho
implementácia

10/2009 02/2012

Kontaktné informácie
Paneurópska vysoká škola
Tematínska 10
851 05 Bratislava
Slovakia
Tomašikova 20
821 02 Bratislava
Slovakia

info: petra.romaniakova@paneurouni.com
web: www.paneurouni.com a www.ctp.uninova.sk

Podporujeme výskumné aktivity na Slovensku/Projekt je spolufinancovaný zo zdrojov EÚ
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� Articles submitted for publication will be accepted only as Word document (.doc or .docx)
sent to e-mail address of managing editor (vvv.esr@gmail.com).

� Range: Articles and papers in 20 standard pages, essays in 10 standard pages, reviews and
gleanings in 5 standard pages (on one page A4 is possible to type 1800 characters including spaces)

� Text should be written as plain text (text font Times New Roman, size 12, without hyphena-
tion and justification).

� If you need you can use bold, italic or underline

� If you use notes in the text, place the note on the same page.

� Quote following general rules (STN ISO 690)

� The author is responsible for the formal and scientific side of the article.

� In our journal is not possible to public the article already published in other journal.

� The editorial board reserves the right to edit the headline of the contribution, to make
stylistic, grammar, language and graphical emendations and decide on its inclusion into
specific numbers, and rubrics

� The editorial board reserves the right to refuse the contribution.

� Structure of the paper as follow

TITLE OF THE ARTICLE in ENGLISH

Title of the article in the other language

First and last name without academical degree; in the case of multiple authors,
separate names with commas

Abstract in English (6-10 lines)
Key words in English (3-7 key words)
Key words in other language (optional)

The article
If you want the pictures to be nice and readable, add the bigger and better quality pictures at the
end of the articles with the same numbering as in the article.
Pictures, tables, math formulas will be centered. Please use Fig. 1, Tab. 1,.. to label the objects in
the article.

Citations and References
In our journal we prefer to quote the citations by author (not by the reference number), so please
try to follow this style (Editors, 2011).

Editors (2011). How to create an article to publish it in ITA. Retrieved July 19, 2011, from
http://www.paneurouni.com/sk/fakulty/faculta-informatiky/bratislava-slovakia/o-fakulte/

About Author(s) brief information about author (optional)
(Add name with academical degrees)
Contacts
Name of the author with titles
Address of the institute
Email address:
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