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Preface

Varia Informatica 2013 is the result of international cooperation between four
European universities: Pierre Mendès France University (Grenoble, France),
University of Alicante (Alicante, Spain), Lublin University of Technology (Lublin,
Poland), Beuth University of Applied Sciences (Berlin, Germany); two Russia
universities: Kazan State Technical University (Kazan, Tatarstan, Russia) and
Voronezh State University (Voronezh, Russia); and two Kazakhstan universities:
al-Farabi Kazakh National University (Almaty, Kazakhstan) and Karaganda State
Technical University (Karaganda, Kazakhstan); and one university from Kyrgyzstan:
Kyrgyz National University (Bishkek, Kyrgyzstan). The cooperation has been developed since 2006 through the project TEMPUS ERAMIS founded by the European
Union.
Due to the relatively large variety of theme, the book is addressed to various
groups of readers. A Master student, a researcher and a computer specialist from
industry can find here something interesting for himself. A special recipient of the
book is a Computer Science student, who wants to extend his knowledge in
informatics. Master studies require the use in education the results of research and
implementation activities in the field of Computer Science. The results of these works
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and the descriptions of created systems are included in this book. A separate group
of subjects covered in the book are the educational aspects of Computer Science and
the use of information technology in education.
Due to the relatively large variety of theme, the book is addressed to various
groups of readers. A student, a researcher and a computer specialist from industry
can find here something interesting for himself.
The book was published due to high commitment of the chapters’ authors and
the reviewers. I want to express my thanks to everyone who has contributed to the
creation of this book, especially to the EU Education, Audiovisual and Culture
Executive Agency (EACEA) that funded the ERAMIS project.

Marek Miłosz
Editor

1
Creation of a Network of Master's Degree
"Informatics as a Second Competence" –
the ERAMIS Tempus Project

Our world does not work anymore without Information Technologies. Almost every
profession needs computers with adequate software. The production of this adequate
software requires that the software developers understand the needs of the software
users. Most of the time this understanding necessitates a person that understands
both worlds: the world of the users and the world of the developers. This need has
been recognized as early as 1987 at the University Pierre Mendès France in Grenoble, France where a Master “Informatics as a Second Competence” has been
created. This degree is intended for students having a Bachelor in social sciences
and therefore who are non Information Technology (IT) specialists. The Master's
program objective is strictly professional, as it aims to train versatile people who will
combine good skills (acquired in a Bachelor’s degree) in the first discipline with
theoretical and technical skills in computer science, enabling them to create, develop
and implement tomorrow's software tools in a better way.
Following the model of the Master of the Pierre Mendès France University,
a similar Master has been created in the Kyrgyz National University, Bishkek,
Kirghistan [1, 2]. Presently this model is further extended in the EU Tempus project
ERAMIS [3, 4, 5]. The ERAMIS acronym stands for European-Russian-Central Asian
Network of Master's degrees "Informatics as a Second Competence". This project
is supported by the European Union (EU) in the Tempus scheme and involves five
universities from five partner countries: Finland, France, Germany, Poland and Spain,
plus an external expert.
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The project, identified as 159025-TEMPUS-2009-FR-JPCR, is running from
January 2010 to July 2013. Its aim is to create a Master’s degree “Informatics
as a Second Competence” (ISC Master) in nine beneficiary universities located
in Russia, Kazakhstan and Kyrgyzstan. This degree is intended for students having
a Bachelor in social sciences, exact sciences or engineering but who did not graduate
in computer science and therefore are non Information Technology (IT) specialists.
This project is a geographical and disciplinary extension of two already existing
Masters. The created masters will be organized in a network. The ERAMIS network
will promote an increased exchange of knowledge and experience among the involved
partners of the Eurasian continent.
From the European Union, five universities take part in the project: Pierre Mendès
France University (Grenoble, France), Beuth Hochschule fuer Technik Berlin,
Department of Informatics and Media (Berlin, Germany), Savonia University of Applied
Sciences (Kuopio, Finland), Politechnika Lubelska (Lublin, Poland) and University
of Alicante, (Alicante, Spain). All the European universities share a long common
experience in international cooperation within the context of ERASMUS and TEMPUS
programs from the European Union. From the Russian Federation, four universities
are involved in the project: Voronezh State University, Astrakhan State University,
Kazan Research State Technical University, and Saratov State Socio-Economic
University; from Kazakhstan, three universities take part in the project: Al-Farabi
Kazakh National University (Almaty), Innovative University of Eurasia (Pavlodar),
and Karaganda State Technical University (Karaganda); and from Kyrgyzstan, two
universities are involved in the project: Kyrgyz State Technical University named
I. Razzakov, and Kyrgyz State National University named Balassaguin. Both
universities are located in Bishkek. Finally, three companies are also collaborating
in the project: Sofit Information Systems (Saratov, Russia), Systemotekhnika (Almaty,
Kazakhstan) and ISP Aknet (Bishkek, Kyrgyzstan).

Creation of a Network of Master's Degree…
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ERAMIS PROJECT WORKING METHODOLOGY

We managed to develop a common vision of what the Master’s degree program
“Informatics as a Second Competence” (ISC) is, particularly, thanks to the presentation of the two existing Master’s degree programs of such type. These masters are
unusual because they are not a specialization of the Bachelor’s domain, but an additional specialization in computer sciences. The work of the consortium on development of programs and courses consists of two aspects:
(1) Choice of direction for the future Master’s degree program at the partner
Universities, taking into consideration the main type of students: students of exact
sciences and engineering science, or students of human and social sciences.
The structure of the created Master’s degree program takes into account national
and local requirements which are to be satisfied, but respects the common standard:
the same common courses will be taught in the same semesters in all the Master’s
degree programs in Russia, Kazakhstan and Kyrgyzstan. So, 9 Master’s degree
programs have been created: one at each University except for Kazan where two
Master’s degree programs were created, and except the Master’s degree program
at KNU Bishkek which has already existed but which was modified to respect
the common standards of ERAMIS network. Master’s Programs created in Almaty
(KZ), Karaganda (KZ), Pavlodar (KZ), Voronezh (RU), Astrakhan (RU) and KSTU
Bishkek (KG) are mainly intended for students of exact sciences and engineering
science. KRSTU Kazan decided to create two types of Master’s degree programs: the
first one has been created at the Institute of Cybernetics and of Computer science and
is intended for students of engineering science, the second one, at the Institute
of Engineering and of Economics, is aimed at web development and management
of IT information systems and is opened for students of human and social sciences,
like the Master’s Program of KNU Bishkek and the one created in Saratov (RU).
(2) Development of the common courses which are the pedagogical basis of all
the Master’s degree programs of ERAMIS network. The created Master’s programs
are based on the Master’s degree programs existing in Grenoble and Bishkek.
The com-mon courses correspond to the basic courses of computer science
development.
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The challenge was to define syllabuses based on the European standards
respecting the Bologna Process, and compatible to the Russian, Kazakh and Kyrgyz
requirements and standards.
Project Methodology
To offer a concrete approach to implement the European High Education integration
processes with the conservation of the best practices, the “Tuning Educational Structures in Europe” project [6] was launched in 2000 under the strong support by the European Commission. Nowadays, the Tuning Project includes practically the majority
of the Bologna signatory countries. The Tuning methodology, developed by this project, is recognized by European Community and strongly recommended in different
educational programmes, like Tempus.
The main part of the Tuning methodology is the Tuning model. Our project
activities are based on this model [7].

1.2.

CREATION

OF THE

MASTER’S

DEGREE PROGRAMS OF

ERAMIS

NETWORK

The main activities implemented in the ERAMIS project for the Master’s degree
programs preparation are listed in the Table 1. In this section we present a description
of each listed activity.

Table 1. Activities for the creation of the Master’s degree programs
Needs Analysis in the concerned regions of Russia, Kazakhstan and Kirghizstan
Construction of the syllabuses for the Master’s program of the network
Constitution of educational teams and Accreditation of the Master’s degrees
Faculty Development and development of the educational documents
Launching the master’s degrees
Thematic seminars in beneficiary universities

Creation of a Network of Master's Degree…
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Needs Analysis
A needs analysis was done in relation to career prospects in the concerned regions
of Russia, Kazakhstan and Kirghizstan, in collaboration with some of the Consortium
companies. This analysis was composed of two surveys made in every region involved in the creation of the Master’s degree ISC: the first survey was conducted among
students, the second one among the companies of the region.
The first survey was conducted in parallel in Russia, Kazakhstan and Kyrgyzstan.
A total of 2383 students were questioned. A part of the students (1012) were from
Human and Social Sciences, and the other part (1371) from Exact Sciences and Engineering. The second survey was also conducted in parallel in the three beneficiary
countries. A total of 174 companies were questioned about their needs in IT competences. These surveys have clearly shown that:
(a) Students trained in other discipli-nes are interested in learning of computer
science development as their second com-petence. Depending on the country, the
interested students are from 40% to 65%.
(b) The companies are in need of such education which hasn’t existed in these
regions before. Needs for competence or knowledge, expressed by the companies,
help the teaching staff to define what courses should be included in the Master’s
degree program, particularly by creation of specific optional modules which will give
specific knowledge and skills to the students.
Construction of the curriculum for the Master’s program
The ERAMIS project intends to form a network of Masters allowing students and faculties to be mobile among the different geographical locations, and in the near future to
deliver double diplomas. The network of Masters will work only if the local Masters
keep the same standards.
The curriculum was developed between the European Union teachers and teachers from the beneficiary universities. All the syllabuses were fully described in English, following the common standards which were defined during the first meetings
of the project. For the learning objectives and learning outputs description, we used
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the Revised Bloom’s Taxonomy [8, 9]. The syllabuses have been checked and verified
by the independent expert involved in the project.
An important result is the definition of the list and the content of common courses
[4] for all the Master’s programs of the network. The common basic courses are
organized into the same semester for all the master degree programs of the network,
to make different master programs compatible among each other and to promote
student mobility.
The European Credit Transfer System (ECTS) is used in the ERAMIS project.
The number of ECTS allocated to a common course is the same for all the master
degree programs of the network. The list of the common courses and the corresponding semester in the Master’s degree is shown in Table 2.

Table 2. List of the common courses

1st Semester:

ECTS

Algorithms and Data structures

5

Programming

6

Computers' operating Systems

3

Mathematics for Computer Science

3

Databases

3

Computer English

2

nd

2

Semester:

Software engineering

5

Project Management

3

Web Development

5

Computer English 2

2

rd

3 Semester:
Data mining and Data warehouse

4

Human-computer Interaction

3

Software engineering Project 1

5

th

4 Semester:
Software engineering Project 2
Internship
(8 weeks minimum, full-time employment)

5

Creation of a Network of Master's Degree…
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Besides, certain optional courses were defined individually by each university

on their own, in order to fulfil the master degree model. In addition, in order to encourage exchanges between universities of the network, 20% of the courses will be done
in English language, with the help of the European partners.
Constitution of educational teams and accreditation of the Master’s degrees
Each beneficiary University has appointed the person in charge of the ISC Master’s
degree program and formed educational teams, composed of practicing teachers.
Depending on the University, every team includes from 6 to 15 people. It is expected
to invite personalities of industry to teach some elective courses directly linked to their
professional competence.
Some Universities managed to integrate the new Master’s degree program
in the framework of their new period of accreditation for the diplomas which have been
launched recently (Astrakhan). Others have submitted their accreditation application
form to their Ministry of National Education. All the partner Universities of Russia,
Kazakhstan and Kyrgyzstan have obtained a positive answer from their Ministry and
have recruited the first students. The first year of all the Master’s degree programs has
started in September 2011 according to the initial plan of the project.
Faculty development and development of the educational documents
The definition of the curriculum has shown the need for faculty development
of the beneficiary countries at several levels. First some courses are new in some
universities, faculties need to acquire the knowledge to teach them later. Some
courses are already taught in beneficiary universities, but for computer science
specialists. Training is needed on how to teach these courses at a Master level for non
computer science specialists. Third, the aim of this degree is to serve local companies. Training is needed to teach courses in a practical way. Finally the curriculum
foresees that 20% of the courses should be taught in English. Faculty development
has to take this aspect into account. An additional aim of this training is to render
competences and knowledge more homogenous among teachers of the different
institutions.

16

Varia Informatica 2013

The European Universities gave a list of courses they offer according
to the curriculum of the Master and to their respective strengths. Each beneficiary
University expressed its wishes for the suggested courses. From those wishes we
could determine the courses which would be organized and the Universities which
would make them: we distributed the courses in a fair way among Universities,
depending on the competences of each of them. So, 17 courses were opened and
grouped in 5 sessions at the 5 European Universities of the consortium, see Table 3.
One course is 20 hours of teaching that should be completed with personal work.

Table 3. Program of the mobilities in Partner Universities
Place
Beuth University of
Applied Sciences,
02/05/11 - 13/05/11

Courses
Computer graphics

4 (R)

Data Mining & Data Warehouse

8 (E)

Java Programming

Lublin University of
Technology
23/05/11 - 03/06/11
06/06/11 - 17/06/11

Pierre Mendès France
University
13/06/11 - 24/06/11
University of Alicante
13/06/11 - 24/06/11

Savonia University of
Applied Sciences,
24/10/11 - 04/11/11

Nb. trainees

5 (R/E)

Software Architecture

5 (E)

Computer system security

7 (E)

Matlab in Engineering

7 (E)

Mobile Systems Development

6 (R)

Object-Oriented Software Engineering

6 (R)

Artificial Intelligence & Multi-agent Systems

16 (E/I)

Human Machine Interaction

15 (E/I)

Logic programming

15 (E/I)

Content Management Systems

9 (E)

e-Business & e-Commerce

9 (E)

Semi – structured Documents

9 (E)

Cisco Academy

15 (E)

e-Learning

15 (E)

Information System Management

15 (E)

Not all courses requested by Russian, Kazakh and Kyrgyz universities could take
place. Were organized only those who were most in demand. According to the project,
these training sessions will be completed by thematic seminars organized at the bene-
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ficiary universities. A number of these courses match exactly courses contained in the
curriculum of the Master, but not all. Indeed the curriculum of the Master contains projects and internships In companies for students. Some courses offer knowledge useful
for these educational activities. Partner universities registered their candidates according to their competences, motivation and their involvement in the courses of the Master’s degree program. The number of faculties following the training is shown on the
right Table 3. Each European university has received one or two colleagues from each
beneficiary university.
The courses' schedules at partner universities were organised so that it was possible for a person to attend all courses offered in one place. In each place an attendee
had to sign up for at least two courses. Some participants heard parts of some courses they did not register for. All trainings included theory, enlightening examples and
practices. In most universities seminars were realized using a mixed method –
lectures were interlaced with practical exercises. Complete handouts have been given
quite often in electronic form. Practices have been conducted in labs and all facilities
for the necessary software have always been provided.
Not all academics participating in the mobilities speak or even understand English
fluently. Russian is a common language among the beneficiary countries, not among
the partner countries. Not all partner universities can conduct their training in Russian.
But the beneficiary universities have to conduct 20% of their teaching in English in this
Master program, which is not an easy aim for a number of them to meet. They need
extra motivation to increase their language skills in English. The letter between
brackets in Table 3 right column shows in which language courses have been hold:
R stands for Russian, E for English and E/I stands for English with an interpreter
translating in Russian. In some universities like in Beuth University of Applied
Sciences an exchange student, Russian native speaker, had been hired to provide
simultaneous translation of courses offered in English. However, translation by
a participant with good skills in English proved to be a also a very good solution: these
translations usually gave raise to interesting and involved discussions between
the participants, providing a spontaneous venue for exchange of views and experiences. A detailed description of these training seminars organization is presented in [10].
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People in charge of the training sessions at each of 5 European Universities underlined unanimously the trainees’ motivation, their participation in the discussions and
the quality of their competences.
During the training sessions in the European Universities, all the courses supports in English language were given to the trainees to help them to prepare the supports in Russian language. For each taught course we have formed pedagogical pairs
consisting of the European Union teachers and teachers from the beneficiary countries. They have worked closely to define syllabuses of the Master’s degree program.
The development of the educational documents for each course has also associate
European Union teachers with the teachers of the network, reading the same lecture.
A collaborative platform set up at Grenoble for the project management is also
provided for documents sharing. Some courses supports are shared among all
the partners through this platform.
Launching the master’s degrees
Given that all master's degree programs were accredited, the first year of the master’s
degree programs has started in September 2011. Table 4 shows figures characterising this first year in each beneficiary university. The total number of students enrolled
for the first year is exactly 100, thanks to Kazan where 2 master degrees where set up
(43 enrolments). The part of long life learning students, i.e. students who have stopped their studies during one year or more, and resumed their studies is quiet important: 27%.
Many enrolled students have given up during the first semester (24 %), mainly
in Kazan and in Bishkek. The reason seems to relate to difficulties to combine studies
and job. This constraint concerns about 90% of enrolled students: they need to work
in parallel of their studies. However, some master students gave up studies due
to their searches for job opportunities, though working students keep on studying
(at KNU, Bishkek).

19

Creation of a Network of Master's Degree…

Innovative Univ. of Earasia
Pavlodar

4

10

4

4

8

9

12

100

2

8

0

0

8

0

1

0

1

7

27

33%

35%

0%

0%

80%

0%

25%

0%

11%

6

23

15

4

10

4

0

8

8

12

90

100
%

100
%

75%

100
%

100
%

100
%

0%

100
%

89%

100
%

90%

3

1

0

0

0

3

4

6

1

0

18

3

22

20

4

10

1

0

2

8

12

82

50%

96%

100
%

100
%

100
%

25%

0%

25%

89%

100
%

82%

0

10
43,5
%

2
0
0
10,0
0,0% 0,0%
%

1
25,0
%

0

1
12,5
%

5
55,6
%

5
24
41,7
24%
%

% of giving up
Nr. Of students
expected next
year
% requested
common
courses done /

0,0%

0,0%

ERAMIS

Karagandy State Technical
University

20

Kyrgyz State National University

Al-Farabi Kazakh National
University

Nr. of giving up

Kyrgyz State Technical University

Saratov State Socio-Economic
University

23

Voronezh State University

Kazan Technical University (Eng.
& Eco.)

6

Astrakhan State University

Nr. of
Registred
students Sept.
2011
Nr. Long life
learning
students
% of long life
learning
students
Nr. Of students
working in
parallel
% of students
working in
parallel
Nr. Of students
from IT/CS
Nr of students
corresponding
to the master
% of students
corresponding
to the master

Kazan Technical University (C.S.)

Table 4. Synthesis of the 1st year of the Master’s degree programs

58% 27%

0

25

20

?

5

6

8

7

10

15

96

89%

100
%

100
%

100
%

114
%

100
%

86%

51%

100
%

100
%

94%

20

Kazan Technical University (Eng.
& Eco.)

Saratov State Socio-Economic
University

Voronezh State University

Al-Farabi Kazakh National
University

Karagandy State Technical
University

Innovative Univ. of Earasia
Pavlodar

Kyrgyz State Technical University

Kyrgyz State National University

ERAMIS

64%

100
%

100
%

100
%

100
%

100
%

73%

23%

100
%

100
%

86%

20%

100
%

100
%

100
%

133
%

100
%

67%

0%

100
%

100
%

82%

21%

20%

30%

21%

29%

100
%

11%

0%

0%

17% 25%

17%

22%

20%

30%

45%

100
%

20%

0%

0%

22% 27%

27%

18%

42%

10%

12%

100
%

0%

0%

0%

11% 22%

Astrakhan State University

Kazan Technical University (C.S.)
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year1
% requested
common
courses done /
S1
% requested
common
courses done /
S2
% courses
done in english
language
% courses
done in english
language S1
% courses
done in english
language S2

In average, the courses are organized in the afternoon or in the evening in order to
meet the above mentioned students’ constraints. A high

rate

of entrance

fee

for

commercial students makes enrolment expensive and inaccessible for the applicants.
The organisation of the common courses in the corresponding semesters (Table 2)
was respected by the majority of the partner universities. When the percentage of requested common courses is greater then 100%, that means that a part of the common
courses of the 3rd semester were organised during semester 2.
The problem of compatibility of national standards of education in beneficiary
universities with project requirements remains partly solved. It concerns mainly
Kazakh partners where students are enrolled with IT background. Innovative
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University of Eurasia (Pavlodar) was unable to implement correctly the first year
of the master: some mandatory common courses were not implemented.
The constraint of teaching 20% of the courses in English language was respected
everywhere, except in KSTU Bishkek and in Pavlodar. Al-Farabi Kazakh National
University (Almaty) did the complete curriculum in English.
Two Universities (Saratov and Astrakhan) have not open the first year of the Master’s degree in September 2012 for contextual reasons, but they plan to open the first
year in September 2013.
Thematic seminars in beneficiary universities
One crucial aspect of the project is training. The faculty training is completed
by training sessions taking place in the universities of the beneficiary countries.
A training session is a course of 10 to 20 hours that takes place over 4 to 5 days.
It is intended in the first place for students of the Master. The number of participants
should be from 10 to 20. If place allows academic staff or other interested students
from the beneficiary university can attend. A training session is taught by a member
of a European university member of the project. The teaching language is mainly
English, as very few persons form the European universities can speak Russian.
Holding training sessions in English helps also the attendees to improve their English.
The European Universities gave a list of training sessions they could offer
according to the curriculum of the Master and to their respective strengths. Each
beneficiary University expressed its wishes for the suggested sessions. From those
wishes we could determine the sessions which would be organized and
the universities which would host them. Sessions were distributed in a fair way among
universities, depending on the competences of each of them and are shown in the
Table 5.
The detailed description of some of these trainings is presented in [11]. There are
several pedagogical issues that make teaching a training session different from
the usual teaching in one’s home university:
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Table 5. Program of the training sessions
University

Astrakhan State University

Topic
Design patterns in Java

10

Frameworks in Java

10

Spatio-Temporal Representation and
Reasoning

10

Practice of the Semantic Web

10

Al-Farabi Kazakh National University Design patterns in Java
Almaty
Frameworks in Java

Voronezh State University

Kazan Research State Technical
University

Kyrgyz Natonal University Bishkek
Kyrgyz State Technical University
Bishkek

Karaganda State Technical
University

Innovative University of
Eurasia Pavlodar

Saratov State Socio-Economic
University

Nr. hours

10
10

Web Programming with PHP

15

Algorithms and data structures

10

Wireless Sensor Networks

10

Database Design

10

Programming in T-SQL on MS SQL Server
2008

20

Data Mining and Data Warehousing

20

Model Driven Engineering and WebML

10

WebML in practice using the WebRatio
Web Application Programming with Google
Maps
Introduction to XML information system
architecture

10

Model Driven Engineering and WebML

10

WebML in practice using the WebRatio

10

Introduction Router networks

10

Model Driving Engineering and WebML

10

WebML in practice. Using the WebRatio

10

Design Patterns in Web Applications

10

Unified Modeling Language and C++

20

Wireless Sensor Networks
IPv6 Low power Wireless Personal
Area Networks
Introduction to Web Accessability

10

Data Mining and Data Warehousing

20

Introduction to MATLAB for Computer
Science

12

15
16

10
15
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(a) The format of the training session means that one has to teach to the same
students several hours a day and 4-5 days in a row. Students do not have one week
to absorb the content of a day.
(b) Students have already a Bachelor degree, which means they already have
a good level of maturity and motivation. However the topic of the training session is
a topic in computer science at a Bachelor level.
(c) The exact level of the students (and also of the academic staff) in the topic
taught is somewhat unknown before the training session begins.
(d) The level of English of the students may vary greatly and may not be very
high. English is also a second language for all trainers.
An efficient way of addressing the pedagogical issues mentioned above
is to practice content reduction as well as to encourage and require both interactions
and motivation from students [12, 13]. Practicing content reduction means selecting
carefully not only the topics to be addressed, but also how deeply to address them
and preparing a good outlook so that students get an idea of what they know and what
they need to discover later in the field. Requiring and encouraging interactions and
motivation means planning tasks where students have to be active and engaged,
supporting them while solving the tasks and appreciating positively their activity.
Content reduction makes easier to adjust the teaching to the level and
the absorption’s capacity of students: no need to rush through the material.
Requesting and encouraging interactions and motivation allows the teacher to be
better aware of how well students follow, as she can check how students solve
exercises, and whether they have difficulties in doing so.
In general, participation of students during seminars was high. However, it was
noticed a decline in participation when students and teachers attended the seminars
together. In one of the seminars, one of the students was asked why they were not
actively involved in the seminar. The answer was that, because of the respect they
had for their teachers, they did not dare to ask questions in front of them. This fact can
be taken as evidence that in the countries where seminars were conducted, there
is still a large separation or gap between teachers and students. This comment should
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not be taken as a criticism to this situation, but as a finding of this situation, and
as in some European countries this separation between teacher and student may
have decreased and driven to a decline of respect.

1.3.

QUALITY ASSURANCE: CREATION OF A MONITORING COMMITTEE

According to the project objectives, for insuring quality and monitoring of ERAMIS
project, we have created the “Monitoring, Evaluation and Improvement Committee”
of the ERAMIS network. This committee consists of one academic representative from
each European university and our external expert. The Committee works also at
distance to control and to adapt the documents put by the partners on the common
collaborative platform. The committee determines the specific criteria of evaluation
of the ISC training. The independent external expert evaluates the project outcomes.
The committee’s first important mission was to visit all the partner Universities:
one visit to the partners from Central Asia in April 2011, and the second one
to the partners from Russia in May 2011. The main objective was to determine
if the partners are ready to start the master in September 2011. During the visits we
have used the audit method based on the expected results. So, during the visits we
have examined the following points:
1) Creation of the educational and administrative teams, the Committee met all
the teams’ members.
2) Examination of the future Master’s degree program model: verification that
the compatibility constraints of the Master’s degree program for ERAMIS network are
respected, in other words:
(a) Verification that the whole of the defined common courses are put in the same
semester;
(b) Verification that 20% of the courses are taught in English by the teachers with
a sufficient knowledge of English.
In certain Universities, the Master’s program model was modified as certain
colleagues had difficulties to comply with both national constraints and the
requirements of ERAMIS network. These difficulties were often connected with a very
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limited interpretation of the official texts. Together with the Committee solutions could
be found.
3) Examination of the content of all the Master’s degree program courses. This
examination allowed us to detect the cases where the content of certain courses has
been very much modified, the authors of these changes were very often not aware
of the students’ initial level at the launching of the Master’s degree program and were
not sufficiently sensitized to the fact that we are creating a network of Master’s degree
programs which are compatible among each other and are of the same level.
4) Verification of the training sessions at the European Universities. Every trainee
was asked to choose at least one course that he or she attended at the European
University and that he or she committed to teach in the future Master’s degree
program.
5) Discussion about the selection procedure for the future Master’s candidates:
in Kazakhstan, government rules impose national tests for entering a Master’s degree
program: language tests and achievement tests. The Committee suggested
completing this procedure with an interview which will enable candidates to show their
professional projects and motivation for computer science. In Russia and Kyrgyzstan,
the rules seem to be more flexible, as each University defines its own selection
procedure. The committee noted that certain Universities didn’t have good knowledge
of the Master’s program potential audience and the process of selection was inadequate, as it privileged only the results of the entry exam, to the detriment of students’
motivation which is essential in this type of Master’s degree program. In these cases
a different selection procedure was suggested by the Committee, which is based on
English language test, an interview and, if need be, a written exam.
6) Information about the future Master’s degree program intended for potential
students: verification of the necessary material to inform students about the new
Master’s

degree

program:

posters,

booklets,

leaflets,

web

pages

created

by the educational team. Certain documents missed some exact information: their
quality could be improved by the Committee. Information operations intended for
students

took

place

at

the

partner

Universities,

in the connexion with the visit of the Committee.

certain

were

organized
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7) Verification that the visited University has a Moodle platform and the necessary
competences to manage such a platform.
8) In the connexion of the monitoring committee’s visit, the following questions
were also resolved:
a) Information about the common collaborative platform set up in Grenoble and
encouragement of the partners to supply the platform with the documents related
to project and to fill in the time sheets which correspond to the work done for the
project.
b) Information about double diplomas and experiences of Pierre Mendes France
University in this field.
c) A first discussion about the way to evaluate the quality of the future Master’s
degree program.
These visits of the Committee helped to note that certain partners were not ready to
launch the Master’s degree program at the start of the academic year. The Committee
gave advices and assistance to the visited partners and found solutions to almost all
the arisen problems.

1.4.

ASSESSMENT OF STUDENTS’ LEARNING

In order to evaluate the common knowledge in computer science of the students
of the ERAMIS network, we propose to create a set of tests. These tests will be put on
a web platform to which all the network students will have access. The tests results
will give the points for comparison of the Master’s degree programs of the network and
also to identify the eventual educational problems as well as the points to improve.
The tests will be placed in the language of the courses of the Master’s degree
program, i.e. all the tests will be provided in Russian and in English on the web
platform.
University of Alicante is in charge to set up the assessment platform. The goal
of this platform is to compare and contrast students’ assessments. The key purpose
is improving of the quality aspect of the educational process.
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Production process of the assessment question
Teachers of all the partner universities of the project have prepared Multiple Choice
Questionnaires (MCQ) in English or in Russian, about the following common courses
of the ISC Master’s degree program: Algorithms and Data structures, Programming,
Operating Systems and Networks, Mathematics for Computer Science, Databases,
Software engineering, Project Management, and Web Development. To avoid missing
parts of the syllabuses, each syllabus was divided into 3, 4 or 5 parts, depending
on its size. Each partner had to produce 15 questions per syllabus. The produced
questions were sent to a colleague in charge of collecting questions (the Collector in
the Figure 1). The collected questions were translated from one language to the other
by a retired colleague from Berlin, who is speaking Russian and English.
After translation, the collector has sent the questions to the course leaders for
assessment. The assessment done by the course leader consists in two tasks:
a) checking that the question and the right answer(s) proposed are correct
and modify or delete wrong or ambiguous questions;
b) checking that a proposed question correspond to the corresponding part
of the syllabus, and reclassify the question if needed. After assessment, the questions
are sent by the collector to the assessment platform administrator in charge to upload
the questions on the platform and to provide the test procedures.
All the students of ERAMIS network will do the tests. Evaluation can
be anonymous or logins can be created for each student. The students’ evaluation will
be done during June 2013. Figure 1 show the complete assessment process.
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Fig. 1. Process of tests production and students’ assessment
Source: own elaboration

1.5.

SHARING E-LEARNING COURSES INSIDE THE ERAMIS NETWORK

In order to test if our network works, we proposed to share some distance learning
courses inside the ERAMIS network. As each partner has a Moodle e-learning platform, it was proposed to provide courses available to the students of the network.
A call for proposals was sent in the middle of February 2013. Finally we received
propositions from 3 universities, 8 distance learning courses were proposed. Some
courses were proposed in English Language, other in English and in Russian.
The syllabi of the proposed courses were sent to all the partners and we proposed
to register 1st year students.
This is an experimentation of ERAMIS network. Not all the partners were able
to participate; Table 6 shows the proposed courses and the number of-registered
students for each partner involved in this training experiment.
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The proposed courses are not included in the official curriculum of the master’s
degree, but it will be given an official certificate to all students who have successfully
studied the course. This experiment will end at the end of June 2013.

1.6.

DOUBLE DIPLOMA AND STUDENT MOBILITY

One of the main objectives of the ERAMIS Tempus project is to encourage
the creation of double diploma inside the ERAMIS network. The creation of a double
diploma is a long process. We use a step by step approach:
(a) design of the syllabuses with common courses, in order to make easier
exchanges among the Masters and students’ mobility,
(b) signing outline agreements between partners of the network,
(c) setting up a first double diploma inside the network.
It was suggested that 20% of the Master’s program courses should be taught
in English. One of the objectives of the training sessions organized at the European
Universities from May to October 2011 was to prepare colleagues from the partner
countries to teach their courses in English. Courses taught in English make easier
exchanges with European Universities.
At this date, 8 partnership agreements among the Universities involved in the project have been signed or are under the way of creation; they contribute
to the sustainability of the network and prepare creation of double diploma. Besides,
they develop scientific cooperation and student mobility between the partner University and a European University.
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KNRTU Kazan RU

VSU Voronezh RU

UPMF Grenoble FR

12

2

4

1

5

Foundation of Information
Security

KazNU Almaty KZ

E

7

3

1

1

2

Project Management

KazNU Almaty KZ

E

5

2

1

2

Software Engineering

KazNU Almaty KZ

E

6

3

1

2

LAN and WAN Networks
Design

KazNU Almaty KZ

E

2

1

Logic Programming

UPMF Grenoble FR

E

20

1

Web Development

VSU Voronezh RU

E / R 13

Networks

VSU Voronezh RU

E/R

Total Nr of registrations

1

4

2

7

8

5

6

2

67

INEU Pavlodar KZ

KNU Bishkek KG

E

KazNU Almaty KZ

Total Nr of Students

KazNU Almaty KZ

University

Web systems development

Proposed course

Language

Table 6. Proposed shared courses and number of registered students

2

7

12

8

24

8

8

Student mobility
Al-Farabi Kazakh National University and Pierre Mendès France University plan
to build a Master’s degree ISC double diploma. In order to study and prepare
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the double diploma, a French speaking student from Almaty, who has studied the first
year of the Master’s degree ISC in Almaty, is doing her second year in Grenoble
at Pierre Mendès France University. A training agreement for this student was
established between the two universities. This type of mobility (12 months) will not be
covered by the project’s budget.
The organization of the ERAMIS Master’s degree programs in a network allows
this possibility of student mobility: students can study one semester or one academic
year at another University, member of ERAMIS network.
Taken into consideration the ISC Master’s degree program specificity,
professional experience acquired in a company is very important for students who
enter into the labour market. That’s why it’s important to create good conditions for
organizing internships in order to enable students to get high quality professional
experience. Our Russian, Kazakh and Kyrgyz partners have already signed
partnership agreements with several companies. So the network can also organise
student mobilities for internships.

1.7.

ACADEMIC COORDINATION AND ADMINISTRATIVE MANAGEMENT

The project is managed by all the members of the consortium via the Steering
Committee which consists of representatives of every consortium’s member (one for
each), with the exception of UPMF (Grenoble) which is the project coordinator and has
2 representatives (one is in charge of academic tasks, the other of administrative and
financial tasks). The others members of the consortium are represented by the people
in charge of the project on local level.
The committee is chaired by the project coordinator who convenes it 2 times
a year to review the academic, administrative and financial questions as well as questions related to logistics, all of them being directly connected with the project progress.
In the process of the project implementation, a separate organization of administrative
management meetings and activities aimed at academic development and coordination turned out to be difficult to be achieved. It is essential to have coherence of 2
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scales of project management and coordination. Actually, budgeting, planning of operational tasks, and monitoring of their implementation, serve project pedagogical
and academic objectives. So, the steering committee activity is combined with other
project activities, particularly, with coordination meetings. That allows better communication and coherence for an administrative and financial monitoring. At every meeting which gathers the members of the consortium, the committee takes decisions
related to the project progress and results, basing on the information given by
the project coordinator. All the decisions are recorded and divulged to the consortium
members.
Between coordination meetings, partners keep in touch with the coordinator
and the project manager by e-mail and by Internet phone. Sometimes Internet phone
meetings have been organised with each partner in order to do a point on different
academic and administrative aspects of the project.
To make easier the management of the project, a free project management
collaborative platform called Feng Office1 was set up at Grenoble (France).
This platform is used as a space for grouping together all the documents relative
to ERAMIS project: each partner has his own workspace to group his own documents.
The platform facilitates also a quick entry of each participant’s time sheets. This platform is an important advantage for administrative and pedagogical management of the
project.

1.8.

OBSTACLES AND DIFFICULTIES

Size of the consortium
The first difficulty that we faced was the size of the consortium, which is now bigger
than in our previous Tempus project (4 European Universities and only one
beneficiary University), to which can be added non-university partners. We remind that
14 Universities from 8 countries take part in the project: certain Universities are
1

http://www.fengoffice.com/web/index.php?lang=en; last access May 2013
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technical Universities; others are of general studies, some of them oriented
to the human and social sciences. This diversity doesn’t facilitate mutual understanding, and it’s not always easy to find solutions to make different Master’s programs compatible with each other, regarding national rules, constraints and objectives’
priority. We have already seen in Russia, as well as in Kazakhstan, the pressure of
the national ministries’ standards for introducing a Master’s degree program at the
University.
The number of beneficiary university multiplies and complexifies the number
of administrative and financial operations. This was a real problem: Pierre Mendès
France University was not prepared for such an amount of financial transactions and
this has sometimes led to delays. It was the same for the coordination task: the manager had to communicate with all the partners, and the time needed for this activity was
underestimated and this has also sometimes led to delays.
Difficulties connected with Russian and Kazakh standards
The difficulty was connected with the ISC Master’s degree diplomas which needed
to be accredited because this type of education doesn’t exist in the partner countries.
The Master’s program’s field and themes don’t correspond to the traditional structure
according to the national standards since we train students in the field of computer
science which will be their second competence.
This difficulty was resolved in the following way: each Russian and Kazakh
University, whether being technical or of economics, chose a Master’s degree
program for which we had already got the accreditation which permitted a certain
number of “open” courses and credits in each Master’s degree program. These “open”
courses could be integrated in the mandatory quota of 60 ECTS per year. So, this sets
out the framework for integration of the common courses and ECTS associated
to them to each Master’s degree.
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Insufficient level of English of certain teachers from the partners Universities
In certain Universities, the level of English of teachers isn’t sufficient to teach 20%
courses in English. To overcome this problem and after having discussed with our
Tempus correspondent in Brussels, we suggested to the concerned partners to allocate a part of the budget intended for the purchase of equipment to finance English
courses. Certain Universities decided to finance on their own these English courses
(by co-financing), others accepted our suggestion.
Difficulties in respecting compatibility constraints among the Master’s degree
programs of ERAMIS network
The visits of the Monitoring, Evaluation and Improvement Committee turned out to be
essential for the proper conduct of the project. These visits has shown that certain
partners weren’t still ready to launch the Master’s degree program at the start
of the new academic year: some had difficulties in finding the Master’s degree
structure which have to keep at the same time to the national standards and ERAMIS
network’s requirements (a set of common basic courses organized in the same
semesters for all the Master’s degree programs).
Certain Universities have redefined the content of the common courses or put
them in another semester, different from the one defined initially. The Committee gave
advice and assistance to all the visited partners and managed to find solutions to
almost all the arisen problems. These quality control meetings were organized by the
project coordinator’s initiative after having discussed the current state of the project
with every partner. These discussions revealed difficulties which most of the partners
faced.

1.9.

CONCLUSION

The 14 universities of the Consortium have developed and adopted the common
educational structure for the 10 ISC Master’s degree programs united in a network
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(5 Russian (2 in Kazan), 3 Kazakh and 2 Kyrgyz, at 5 Universities of general studies,
4 technical Universities and one University of Social Sciences).
The 9 created masters are accredited by the national ministries and have been
launched as planned, at the start of the new academic year. The 10th Master’s degree
program already existing has been adapted to the ERAMIS network requirements.
The Monitoring, Evaluation and Improvement Committee was a real help for the
partners, to set up and improve the quality of created master’s degree program. The
already existing ISC Master’s degree program at UPMF Grenoble was also associated
for the first time to the network, by the courses sharing experimentation.
The objective of creation of a common system for the Master’s degree programs
is achieved through development of common teaching modules for the ISC Master’s
degree programs. The syllabi of these modules were developed between the European Union teachers and teachers from the beneficiary universities.
All the masters (except one) have their common courses organized at the same
semesters, in order to make easier student mobility and the creation of double
diploma. First student mobility is done from Almaty to Grenoble.
The development of the syllabi and the production of educational documents, with
at least 20% in English is done and a first experimentation of courses sharing
is in progress, involving students from 6 universities of the network.
The training of the colleagues of the partner universities in European universities
is done and was completed by many thematic and methodological seminars
at the partner Universities. We planned to create forums to exchange experience
among the colleagues who teach the same courses in order to improve the courses
pedagogy, this goal was not reached: colleagues are too busy and have difficulty
to beactive on this type of communication tool.
The creation of tests for students’ assessment on the web platform developed
by University of Alicante is in progress, the tests of the students will be done
at the end of the second semester 2013.
Agreements and partnerships between partners of ERAMIS network in order
to create double diplomas, make easier students mobility and promote scientific
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cooperation were signed or are in progress. That shows that the ERAMIS network
really works.
The management of the project was complex and time consuming. Many
problems have been solved. However, a recurrent problem is the difficulty we have
to explain what the double competence at the Master level is. We need to introduce
this notion into the international standards, in order to have a better international
recognition of this type of master’s degrees, and an easier dialog with the national
ministries.
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2
A Comparison of Common Web Accessibility
Problems

An accessible web site is one which can be used by all its intended visitors, taking into
account their differing capabilities. Inaccessible web sites can pose significant barriers
to people with disabilities. The challenge of developing web content accessible by
everyone has motivated the evolvement of a number of techniques to address web
accessibility issues. Unfortunately, web developers often lack sufficient knowledge
about these guidelines and techniques to develop accessible web sites.
This chapter presents a survey of common web accessibility problems. Different
studies and reports have been analyzed in order to summarize the most common web
accessibility problems.

2.1.

INTRODUCTION

Currently, the World Wide Web (the Web) is present in all areas of our lives. The Web
has firmly entered in our everyday life and has changed our way of making shopping,
managing business, accessing to e-government services, having education, enjoying
entertainment, and so on. Making websites accessible for all disabled people is
critical. The Web has a huge potential to transform their lives, allowing them
independent access to information and services for the first time. But, if websites are
badly designed and badly supported, this potential is lost and the web becomes just
another arena of exclusion.
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The goal of web accessibility [1] is to ensure that information or services delivered through websites are available to and usable by the widest possible audience.
In 1999, the Web Accessibility Initiative (WAI), a project by the World Wide Web
Consortium (W3C) published the Web Content Accessibility Guidelines 1.0 [2]. These
guidelines were widely accepted in many countries around the world as the definitive
guidelines on creating accessible websites. However, on December 2008, the WAI
released WCAG 2.0 [3], a new version up to date with the new technologies.
Although there are many guidelines, advices, and tips for supporting the development of accessible websites, many web developers are not aware of them [4]. In
a survey carried out with the participation of 605 people involved with website
development [5], it was noticed that 48% of the respondents did not use any accessibility evaluation method. Moreover, 39% of the respondents answered they had no
knowledge about the W3C recommendations for accessibility [2, 3], and 30% answered that had only basic knowledge about them.
The purpose of the present study is to identify and compare the most common
web accessibility problems. Different studies and reports from different experts on web
development have been analyzed in order to summarize the most common web
accessibility problems:
1.

“Most

common

web

standards

and

accessibility

errors”,

from

the Pennsylvania State University.
2.

Seven accessibility mistakes, from Chris Heilmann.

3.

Seven accessibility mistakes you don’t want to make, from Roger Johansson.

4.

Section 508 accessibility checkpoint review, from Cornell University.

5.

Ten common errors when implementing accessibility, from Trenton Moss.

6.

Five most common accessibility errors, from the Society of IT Management.

7.

Ten common accessibility problems, from Roger Hudson.

8.

Common accessibility errors, from Ted Drake.

9.

Web accessibility: 10 common developer mistakes, from Joseph Dolson.

10. Screen reader user survey # results, from WebAIM.
11. Top 10 accessibility tips, from the University of Melbourne.
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12. Common web accessibility barriers, from Cornell University.
13. Avoid these common accessibility mistakes, from Helene Nørgaard Bech.

2.2.

MOST COMMON WEB STANDARDS AND ACCESSIBILITY ERRORS

The Pennsylvania State University published the web page “Most Common Web
Standards and Accessibility Errors” in 2005 [6]. This page highlights some of the most
common web accessibility errors. Each of the listed errors violates Section 508 [7]:
1. Image should have valid ALT.
2. Skip repetitive links.
3. Form control should have a label.
4. Colour should not be essential.
5. Multimedia should have equivalent audio descriptions.
6. No JavaScript links should be used.

2.3.

SECTION 508 ACCESSIBILITY CHECKPOINT REVIEW

In June 2006, Cornell University conducted a project with different objectives [8]. One
of the objectives was to evaluate a sample of community college websites
for accessibility and usability by students with and without disabilities. This research,
based on Section 508 checkpoints [7], revealed some of the most common barriers
to access websites:
1. Timed response requirements cannot be modified by user.
2. Accessible alternative to proprietary format not provided.
3. Data tables do not have marked headers.
4. Frames do not have titles.
5. Skip navigation links not provided.
6. Form element not labelled and not keyboard accessible.
7. Scripted elements are not accessible.
8. Alt text for images missing or inappropriate.
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2.4.

SEVEN ACCESSIBILITY MISTAKES

On January 31 2006, Chris Heilmann, a developer evangelist of the Mozilla
Developer Network, published the article “Seven Accessibility Mistakes” in Digital Web
Magazine [9]. In this paper, Chris Heilmann explained some of the major mistakes he
encountered during his years as a professional web developer. Moreover, he also
offered tips on how to avoid these mistakes:
1. Believing in products without putting them to the test.
2. Taking too much responsibility.
3. Planning only for the worst-case scenario.
4. Sharing problems with the visitor.
5. Trying to solve problems outside our area of experience.
6. Hiding or overriding accessibility/usability enhancements.
7. Catering to your client—not their clients.

2.5.

SEVEN ACCESSIBILITY MISTAKES YOU DON’T WANT TO MAKE

456 Berea Street is a well-known weblog with posts related to web standards,
accessibility, and usability. Its author is Roger Johansson, a Swedish front-end web
developer.
On January 16 2007, Roger Johansson published the article “Seven accessibility
mistakes you don’t want to make” [10] that is a review of the article “Seven
Accessibility Mistakes” [9]. Roger Johansson recognises most of the mistakes from
projects he has been involved in. According to him, some of these mistakes are easier
to avoid since they are mostly up to the developer and the development process.
However, others have a lot to do with client demands and can be much harder to steer
clear of.
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TEN COMMON ERRORS WHEN IMPLEMENTING ACCESSIBILITY

Webcredible is a user experience consultancy company based in United Kingdom.
Webcredible that helps make the Internet a better place for everyone. Trenton Moss,
founder of Webcredible, published the article “10 common errors when implementing
accessibility” on January 1 2008 [11].
This article highlights common accessibility errors web developers attempting to
build accessible websites often make:
1. Don’t use verbose ALT text.
2. Don’t use random characters to separate links.
3. Don’t insert text into empty form fields for the sake of it.
4. Don’t use access keys.
5. Don’t use the table summary (unless it actually adds value).
6. Don’t forget about the content.
7. Don’t worry too much about accessibility statements.
8. Don’t agonise over acronyms and abbreviations.
9. Don’t change the tab order (unless you have a very good reason to do so).
10. Don’t forget to listen with a screen reader.

2.7.

FIVE MOST COMMON ACCESSIBILITY ERRORS

The Society of IT Management (Socitm) published the report “A world denied:
a supplement for Better connected 2008 on website accessibility” [12] on May 2008.
This report provided the results of a set of accessibility testing carried out and included
a list of the five most common accessibility errors. According to this report, these five
errors account for 76% of all website accessibility failures:
1. No alternative text for images.
2. Inappropriate use of JavaScript.
3. Errors in simple data tables.
4. Errors in complex data tables.
5. Use of features with a lack of accessible alternatives.
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2.8.

TEN COMMON ACCESSIBILITY PROBLEMS

On July 28 2010, Roger Hudson published the article “Ten Common Accessibility
Problems” [13]. Roger Hudson is a web accessibility expert who founded a company
called Web Usability in 2000. Web Usability is a company based in Australia that
provides website usability and accessibility services to corporate and government
clients.
This article not only provides a very good list of accessibility issues, but it also
explains what to do about them. According to the author, this is not intended to be
a complete list of all possible accessibility problems and the order of the items is of no
significance:
1. Failure to include text alternatives for images.
2. Use of CAPTCHA (Completely Automated Public Turing test to tell Computers
and Humans Apart).
3. Failure to provide adequate alternatives for other inaccessible content.
4. Failure to use HTML header elements appropriately.
5. Failure to explicitly associate form inputs with their labels (or use the input title
attribute).
6. Failure to ensure sufficient difference between foreground (text) colour and
background colour.
7. Failure to identify data tables with summary attribute or caption element.
8. Failure to mark-up data tables correctly.
9. Failure to ensure sites can be used without the mouse.
10. Use of “on change” event handlers with select menus.

2.9.

COMMON ACCESSIBILITY ERRORS

Yahoo! Accessibility Lab is a department of Yahoo! that ensures that every product is
made at Yahoo! is accessible to every user.
On March 28 2011, Ted Drake of Yahoo! Accessibility Lab published the slides
and the transcript of his internal presentation “Are you still doing that?!?! Common
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Accessibility Errors” [14]. The objective of this presentation was to remind web
developers that there are still some basic accessibility problems on the Web. This list
compiles very specific technical and coding problems:
1. Contrast.
2. Don’t use colour as the only delimiter.
3. Use appropriate alt text.
4. Don’t forget to add the alt attribute to every image.
5. Add a background colour to your background CSS when the link text is the
same colour as the container background colour.
6. Use clip to visually hide content.
7. Don’t forget keyboard accessibility.
8. Don’t remove focus and active styles without providing an alternative.
9. Don’t use a link for a button.
10. Make sure you don’t duplicate input id’s on the same page.

2.10. WEB ACCESSIBILITY: 10 COMMON DEVELOPER MISTAKES
Joseph Dolson is a freelance web developer and accessibility consultant since 2004.
Joe writes regularly on important current topics in accessible web design and web
standards.
On April 13 2011, Joseph Dolson published the article “Web Accessibility:
10 Common Developer Mistakes” [15]. According to the author, the most common
mistakes that are related to web accessibility have more to do with a failure
to understand what constitutes accessible content than with a failure to understand
the technology. Josep Dolson states that these problems are non-technical and are
easily tested, but they are very commonly overlooked. There is not any special order
in this list:
1.

Too Low Contrast.

2.

Color-Driven Instructions.

3.

Inappropriate Alt Attributes.
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4.

Background Colors that Don’t Contrast Images Against Text.

5.

Lack of Keyboard Accessibility.

6.

Flexibility with Different Text Sizes.

7.

“Click Here”.

8.

CAPTCHAs.

9.

Text that Looks Like Links; Links that Look Like Text.

10. Links that Open Unexpectedly in New Windows.

2.11. SCREEN READER USER SURVEY #4 RESULTS
WebAIM is an organization within the Center for Persons with Disabilities (CPD)
at Utah State University. WebAIM's mission is to expand the potential of the web for
people with disabilities by providing the knowledge, technical skills, tools,
organizational leadership strategies, and vision that empower organizations to make
their own content accessible to people with disabilities.
Since May 2012, WebAIM has conducted four online surveys of preferences
of screen reader users. On May 31 2012, the results of the fourth survey were
published online [16]. In this survey there were 1782 valid responses.
This survey asked respondents to select their most, second most, and third most
problematic items from a list. Each selected item was given a weighting, and
the results are shown in the Figure 1.
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Fig. 1. Most problematic items in WebAIM’s Screen Reader User Survey #4
Source: [16]

In the following list, the problematic items are identified in order, with most
difficult/frustrating first, and least difficult/frustrating last:
1. Inaccessible Adobe (Macromedia) Flash content.
2. CAPTCHA (Completely Automated Public Turing test to tell Computers and
Humans Apart).
3. Links or buttons that do not make sense.
4. Images with missing or improper descriptions (alt text).
5. Screens or parts of screens that change unexpectedly.
6. Complex or difficult forms.
7. Lack of keyboard accessibility.
8. Missing or improper headings (h1, h2, etc.).
9. Too many links or navigation items.
10. Complex data tables.
11. Inaccessible or missing search functionality.
12. Lack of "skip to main content" or "skip navigation" links.
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According to this survey, 21.9% of respondents listed inaccessible Adobe Flash
content as the most difficult or frustrating item encountered, with CAPTCHA closely
behind (21.6%). When compared to responses to these questions over the previous
three surveys [16], the order and indicated difficulty for the items in this list are largely
unchanged.

2.12. TOP 10 ACCESSIBILITY TIPS
The University of Melbourne published a list [17] that outlines the 10 most common
accessibility problems on the University of Melbourne web site:
1. Add alt text to images and add labels to forms.
2. Use heading tags, table headings and lists.
3. Provide sufficient colour contrast.
4. Make each page navigable by keyboard alone.
5. Allow pausing of animations.
6. Add skip to content links.
7. Add a meaningful page title.
8. Avoid ‘click here’ link text.
9. Keep navigation consistent.
10. Avoid pop-up windows.

2.13. COMMON WEB ACCESSIBILITY BARRIERS
The Web Accessibility Toolkit [18] is a project from Cornell University. The objective
of this project is to assist college administrators and disability services professionals
promote equal access to campus web resources. Among other resources, it identifies
common web accessibility barriers based on Cornell University's research findings and
other experts in the area of accessibility and usability:
1. Graphic images without text descriptions.
2. Web pages that could not be navigated without a mouse.
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3. Poor contrast between text and background colours.
4. Lack of appropriate labels and instructions on data entry forms.
5. Difficulty

navigating

when

presented

with

unfamiliar

terminology

(e.g. Admissions vs registration, course list vs class list, online courses
vs online application, etc.).

2.14. AVOID THESE COMMON ACCESSIBILITY MISTAKES
Siteimprove is a company based in Denmark specialized in developing web
management tools. On March 22 2013, Helene Nørgaard Bech, one of the employees
of Siteimprove, published the article “Avoid These Common Accessibility Mistakes”
[19], where she cover several common misunderstandings in connection with
accessibility problems on websites:
1. Images: a common misunderstanding is that all images need an alternative
text, but all images need an alt-tag (the code alt="").
2. Headings: headings not only function visually, but also structurally.
3. Forms: explicitly add text to the field through a label (the code label for="").
4. Audio: an audio reading tool might help some people with dyslexia, but most
people with impairments or dyslexia use specialized assistive technologies.

2.15. COMPARISON
Table 1 shows a summary of the most common web accessibility problems. This table
comprises the top 10 most common problems:
1. Alternative text (alt attribute) missing or inappropriate.
2. Use of colour to convey information.
3. Lack of sufficient contrast between the foreground and background colour.
4. Complex forms or form controls not properly labelled.
5. Lack of headings to structure the content of the webpage.
6. Use of JavaScript in a non-accessible way.
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7. Lack of keyboard support.
8. Multimedia content without an accessible alternative.
9. Lack of "skip to main content" or "skip navigation" links.
10. Complex tables or tables without appropriate markup.
The order of the problems in Table 1 does not have any meaning: the problems have
just been sorted alphabetically. The first most common problem is an alternative text
missing or inappropriate. This problem appears in all the list that have been analyzed.
The second most common problem is the existence of accessibility problems with
web forms, such as complex forms or form controls not properly labelled.
Finally, the third most common problem is the lack of keyboard support, so some
websites cannot be used without the mouse.
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2.16. CONCLUSIONS
Nowadays and despite technological advances aimed at making the Web easy to use,
the Web is not wide open for many people. Some websites can pose significant
barriers to people with disabilities including:
-

People who are blind.

-

People with low vision.

-

People who are deaf or hard of hearing.

-

People with mobility-related disabilities.

-

People with some types of learning or cognitive disabilities.

The purpose of the present study is to identify and compare the most common web
accessibility problems. For this purpose, different studies and reports from different
experts on web development have been analyzed in order to summarize the most
common web accessibility problems. However, a very important remark must be done:
most common errors are not necessarily the worst errors.
Based on this study, the following three advices can help to quickly and easily
improve the accessibility of a website:
1. Add proper alternative text to images. The text provided as the text alternative
should represent the content and function of the image.
2. Label correctly the form controls with meaningful and descriptive text. This
makes it clear to the user what information they should be providing. If a form
has many controls and it is too complex, group de controls with fieldset and
legend. Check the tab order in the form.
3. Test web pages with a keyboard. Make each page navigable by keyboard
alone using the tab key.
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3
The Method and Fuzzy Expert System for
Information Security Risks
Assessment and Management

Information security (IS) risks management process is an important component of successful IT security program in company [1]. We should implement IS risks assessment
and management (RAM) activities to better understand IS threats, weaknesses and
problems in IT systems.
Risk is a function of the likelihood of a given threat-source’s exercising a particular potential vulnerability, and the resulting impact of that adverse event on the organization. So to realize risk assessment and management we have to determine two
basic IS risk factors:


the likelihood of a given threat-source’s attempting to exercise a given
vulnerability;



the magnitude of the impact.

There are a lot of special methods for IS risks assessment in present time [1,2,3,4],
but most of them are not formal (so it is difficult to investigate their relevance, accuracy, effectiveness). Also, there are some features and difficulties in IS RAM practices:


fuzzy character of the background information – so such factors as threat’s
likelihood and threat’s impact have fuzzy character too;



information system’s modeling is the important but difficult part of RAM
activities;



we should use a lot of expert’s knowledge in RAM activities.
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To provide RAM activities in these conditions we developed fuzzy method for
information security risks assessment and management. Also we developed fuzzy
expert system to implement this method it in practice.
Fuzzy logic [5] methods are very useful for defining and working with uncertain
information. These methods are widely used by fuzzy expert systems [6,7] to decide
different tasks, including information security [8,9]. We use that approach in this paper.

3.1.

BASIC MODELS

Conceptual model for the field “Information security risk” has been developed. Further,
this model will be used in fuzzy expert system. This model is presented by ERdiagram in the Figure 1. This diagram includes set of the object types t  Type and
their relations. We use following types in expert system: tU  UNIOBJECT –
universal type for some element; t Indef  INDEFOBJECT – type for the element
with undefined properties; t Def  DEFOBJECT – type for the element with defined
properties; t Sit  SITUATION – type for the element that describes relationship
or operation between some other elements; t Name  NAME

– linguistic type;

tTime  TIME , t Space  SPACE – types, for describing time- or space relations
between some other elements;

t Scale  SCALE – type for defining scales

for element’s properties estimation;

t IS  INFORMATION SYSTEM

for the object – “Information systems” ; t CoSys  COSYSTEM

– type

– type for the

information systems after implementing countermeasures; t Risk  RISK – risk levels;

t Re s  RESOURCE - IT resources (protected objects); tT  THREAT - threat type;
tV  VULNERABILITY - vulnerability type;
countermeasure type.

t CM  COUNTERMEASURE -
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Fig. 1. ER-diagram for IS risks
Source: own elaboration

We suggested formal model of information system for IS risks assessment by
following expression:

IS  {R, T, V, C, Rel}
where:

R  rk  – set of the elements,
T  t j  – set of the threats for the information system,

(1)
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V  vi  – set of the vulnerabilities for the information system,
C  c q  – set of the countermeasures for the information system,
Rel – relationships between elements in information system.
Each protected object of information system is defined in expert system
by the vector of fuzzy properties:

fpRe s r   Value, CL,  ALi , LC , LI , LA , cv, Damager 

(2)

where:

Value – the absolute object’s value,
CL – level of sensitivity for the object r,

 ALi  – influence levels of the obect r to the other objects in information system,
LC , LI , LA – confidentiallity, integrity and availability levels,
cv – the relative object’s value in information system,
Damage(r) – impact level for the object r.
Each threat in expert system is defined by the vector of fuzzy properties:

fpT t   P , Select , Opportunity 

(3)

where:
P – cost of realization,
Select – selection preference level for the threat,
Opportunity – opportunity of realization.
Each vulnerability in expert system is defined by the fuzzy property

fpV v   EL  - easiness level for using vulnerability. Each countermeasure in expert
system is defined by the fuzzy properties:

fpCM c   Value, cv, Eff cm, IS 
where:
Value – the absolute value,

cv – the relative value,
Eff cm, IS  – effectiveness.

(4)
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METHOD FOR IS RISKS ASSESSMENT AND MANAGEMENT

We suggested method for IS risks assessment and management based on fuzzy
information, expert’s knowledge and models that have been presented above. This
method shown in the Figure 2. In this method we use fuzzy scales (linguistic variables)
to provide some assessments:


FPC - confidentiallity.



FPI - integrity.



FPA - availability.



FPCR - sensitivity of the object.



FPAffect - affect level.



FPEasy - easiness level for using vulnerability.



FPRisk - risk level.



FPDamage - damage level.



FPOpportunity - threat’s opportunity.



FPEff - effectiveness of countermeasure.
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Fig. 2. Method for IS risks assessment and management
Source: own elaboration

In the expert system we used fuzzy scales to define linguistic variables: LC , LI , L A ,
CL, AL, EL, RL, DL, OL, EffL. To define values for these linguistic variables by
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defaults, we use function of Harrington’s desirability. An example of definition shown in
the Figure 3. Also we defined kernels and membership functions as below:

FPCR  Minimal Min , LowL , MediumM , High H , Maximal Max 

(5)

CL=Min,

 1FPCR CL   [0,0.23],

1FPCR x    CL  x,8,20,0

CL=L

 2FPCR CL   [0.17,0.4],

 2FPCR  x    CL  x,0.17,0.23,0.34 

CL=M

 1FPCR CL   [0.34,0.66],

 3FPCR  x    CL  x,0.34,0.4,0.6 

CL=H

 1FPCR CL   [0.6,0.83],

 4FPCR  x    CL  x,0.6,0.66,0.77 

CL=Max

 1FPCR CL   [0.77,1],

 5FPCR  x    CL  x,0.77,0.95

Fig. 3. Definition of the linguistic variable “Object’s sensitivity”
Source: own elaboration

Experts use linguistic variables [10] to estimate properties for the elements of information system. To achieve consensus between experts’ judgments, we are using
following approach:


let B1 ,...B k - fuzzy sets - judgments of k experts, with membership functions

 B1  x ,...,  Bk  x  , kernels  B1 ,..., Bk  ;
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to make fuzzy consensus judgment

A   A  x ,   A , we have

to calculate:
k

k

 A  x     B j  x  ,   A   B j 
j 1



(6)

j 1

We used following relations between elements in expert system to create model of the
information systems:
1.

Relation Connect R between protected objects

2.

Relation Connect T between objects and threats.

3.

Relation ConnectV between vulnerabilities and threats.

4.

Relation Connect C between countermeasures and vulnerabilities.

The example of these relations shown in the Figure 4.

Fig. 4. The example of relations between elements of information system
Source: own elaboration
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We suggested evaluating fuzzy risk value for the information system by the expression

RISK IS   Damage  Oportunity .
l

Opportunity  
k 1

 n

 Connect t


T

j

, rk   Opportunity t j , rk 

j 1

m



Opportunity t , r   Select t , r    ConnectV vi , t   Easy v i , t  ,
i 1



 Pt , r  
Select t , r   
 max Pt j , r  
 j

l

Damage    Damagerk 
k 1

l


Damager    Connect R r , rk   cv r   Critical r   Affectr , rk 
k 1

l
Valuer 
cvr  
, CV   Valuerk 
CV
k 1

We used following expression to assess countermeasure efficiency:

Eff cm, IS   risk old  risk new  / risk old
We decided some optimization tasks by our method:


Overall IS risk minimization.



Selection set of countermeasures with minimal cost and maximum
effectiveness when we defined acceptable level of residual risk.



Selection set of countermeasures with minimal residual risk when we
defined maximal acceptable level of countermeasures cost.
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3.3.

EXPERT SYSTEM FOR IS RISKS ASSESSMENT AND MANAGEMENT

We developed an expert system for information security risks assessment
and management with using expert’s knowledge about objects. Structure of the expert

Scales

Threats

Information
system
Information
model
system
model

Scales

Vulnerabil
ities
Vulnerabil
ities

Threats

Assets

Membership
functions
Membership
functions

Counterm
easures
Counterm
easures

Assets

system shown in the Figure 5.

Fig. 5. Structure of the expert system
Source: own elaboration

1. Expert uses information system modeling module to create information system
model. Expert can manage information system’s elements - add or delete
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protected objects, threats, vulnerabilities and countermeasures. Expert can define
relations between these elements.
2. Expert uses information system’s features estimation component to make
judgments about properties of information system’s elements. Expert uses fuzzy
sets and membership functions to define uncertain information about elements.
3. Expert uses risks assessment module to get results about information security risks
levels in information system.
4. Expert uses risk management module to get information about countermeasures
efficiency and to select countermeasures by deciding optimization tasks.
5. Expert uses reports generation module to get a detailed report about information
security risks assessment and management.
6. Fuzzy logic operations module contains methods and algorithms for fuzzy
information processing – using fuzzy and interval numbers, defuzzyfication
methods, T-norms and S-conorms.
7. Expert uses membership functions and scales configurator module

to define

and tuning fuzzy numbers, linguistic variables which are using to make judgements
about object’s features.
8. Expert uses fuzzy calculator to work with fuzzy and interval numbers during
information security risks assessment and management process.
9. Basic and additional knowledge bases contain structured knowledge about
information system, its components, and expert’s judgments about their features.
The main window of expert system’s GUI shown in the Figure 6.
The graphic user interface for the membership functions and scales configurator
module shown in the Figure 7.
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Fig. 6. The GUI of expert system
Source: own elaboration

Fig. 7. The graphic user interface for the membership functions and scales configurator module
Source: own elaboration

The Method and Fuzzy Expert System for Information Security Risks …

67

The graphic user interface for the fuzzy calculator module shown in the Figure 8.

Fig. 8. The graphic user interface for the fuzzy calculator module
Source: own elaboration

3.4.

CONCLUSIONS

The expert system allows decide information security risks assessment and management tasks for information systems. Experts should use information system modeling
to define information system and their elements. Experts use fuzzy sets, membership
functions and linguistic variables to define uncertain information about elements. Also
expert system uses method to achieve consensus between experts’ judgments.
We have used expert system to create model and decide information security
risks assessment and management tasks for some information systems.
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4
Strategy of Propagation GIS Technology
in Education to Increase Innovation

Well-known, the innovation in education gives new increase in knowledge of students
and makes easy cooperation between universities. The Eurasian Faculty of Innovation
Technology (EuorasFIT) under the Kyrgyz National University (KNU) is one of the
faculties in Kyrgyzstan which works on innovation and active in cooperation, mostly
within universities, as well as Kyrgyz Technical Universities (KTU).
Below we discuss how got past innovation working under Tempus project and
what planned for the future. Our goals of innovation consist of following that modern
education and high education practice closely coupled with tasks of government
organization and companies. Past worldwide crisis gave to each company to think
about how to improve modern education and to find methods to against such kind
of defaults. Explicitly we will say first of all improve information technologies,
especially geo-information (GIS) technologies in society.

4.1.

INTRODUCTION

Nowadays, under higher education has much more problems, than several years ago,
because of deeply increasing high technologies, however the higher education
ultimate goal remains invariable - it is a preparation of students for a life, and first of
all, preparation for labour activity. Obviously, thereupon necessity of integration of high
schools and the companies-employers for the purpose of creation of a necessary
practical platform of educational process.
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More than actually for modern labour market and high school interaction,
in particular economic, with the enterprises and the organizations. The guidance
of the EuorasFIT KNU to cooperation with the enterprises and the organizations pays
special attention. Work in this direction is carried out by the Center of Career in close
interaction with dean's of faculties and letting out departments. With assistance
of the Center of Career, faculties and departments conclude contracts on cooperation
in the field of preparation of highly skilled experts with many enterprises and the organizations of various patterns of ownership in Bishkek.
At our university widely practices for lecturing on actual problems of the world
and in republic inviting of leading experts and heads of the enterprises and the organizations, deputies of parliament of republic. Leading scientists are employed as
heads of all kinds an expert, degree projects, carrying out of seminars and as members of the commission at total sessions the GCC (Government Certification Commission).
Nowadays the EuorasFIT KNU is conducting teaching and methodical works
by Tempus fields, also the scientifically-cultural centre in the republic, preparing
experts of an profile innovation technology. As the international recognition of
the EuorasFIT KNU serves a fact, that in our high school various educational projects
realized in the area of Tempus project.

4.2.

COMMUNITY AND COOPERATION

With a view of perfection of educational activity, improvement of quality of preparation
of experts the university actively co-operates with leading educational institutions distant
and the near abroad. Among them: Higher school Erasmus – Belgium, Lerujisk – Italy
and also leading high schools of Poland, France, Russia, Ukraine, Kazakhstan,
Uzbekistan. Thanks to such close partner cooperation, our students have possibility
to pass training in other countries, to be trained on modern educational technologies,
to pass to practice on the basis of the European high schools.
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The tourism and hospitality industry is the most perspective and attractive sphere
of business for the future experts. The students trained on this specialty, master a trade,
republics using on a labour market stable demand.
Within the out educational work at university there were traditional carrying out
such actions, as “Autumn ball”, “Nooruz” and others which are spent with
the assistance of embassies of the foreign states and the international organizations.
Organization «round tables», discussions in English promotes strengthening
of interest of students of these specialties in studying of foreign languages.
Global changes which – the modern society faces, inevitably affect an education
sphere condition. Successes of development of our state in the XXI century, to the full
depend on presence of modern educational and information technologies. Considering it, it is possible to assert, that strategic targets, ways and stages of development
of computer technologies of training in high schools coincide with directions of information of a society as a whole.

4.3.

METHODOLOGY

The modern labour market demands from workers of constant improvement
of professional skill, getting by new knowledge, including skills of work on personal
computers, uses of the modern software as geo-information software (ESRI
products). It is difficult to imagine the modern successful person unfamiliar at least
with elements of computer literacy. Knowledge of geo-information technologies
becomes not only useful skills, but also valuable luggage, and also competitive
advantage on a labour market. Nowadays the world markets are progress with GIS
technologies.
Considering level which has sharply increased for last years of "geo-information"
of a society and increase of a role of geo-information technologies in economy,
the university chooses following perspective directions:


training to geo-information technologies and use in different fields as to
a specific kind of activity, i.e. as specialties;
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training to geo-information technologies as component of activity of each
modern specialist;



expansion of use of geo-information technologies directly in the course
of training.

Now experts in the field of geo-information technologies in economy are the most
demanded not only in our republic, but also in the CIS countries. A profound
knowledge of possibilities of today's computer technologies and ability to use these
possibilities are necessary to all our future economists. Work in this direction
at university is conducted and a complex. With a view of development by students
of modern applied programs in the field of geology, agriculture, ecology, economy and
the credit, book keeping. Students study such modern subjects, as GIS technologies
in accounting, information systems of reengineering of climate processes, computer
technologies of management of projects, intellectual information systems in research
earth sciences etc.
The following feature of our faculty is orientation of separate departments and
sub-departments to a professional training with specialization for different. The
EuorasFIT KNU is for today unique faculty in Kyrgyzstan, kept a professional training
on a specialty the commodity researcher-expert of the top skills. As is known,
professional function of commodity researchers-experts is contribution to improvement
of quality of a life of the population by means of exclusion in manufacture or import
from abroad substandard production, prevention in the commodity reference of presence poor-quality, forged, counterfeit, etc. the goods, because of acquisition, consumption and which operation the population part continues to suffer in respect of safety for
health and a life. Thereby in modern in sphere of the commodity reference the commodity researcher becomes a key figure, as the qualified expert – the manager on quality.
According to employers, graduates EuorasFIT KNU firmly enough confirm
the theoretical knowledge and the skills received for years of training in practice.
The enterprises and establishments willingly employ our graduates and even students
of undergraduates as many of them already correspond to their high requirements
of employers. Letters of thanks testify to it and requests of heads of firms, the companies, state institutions to direct for work or practice of our students.
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Nowadays graduates of our university successfully work at such enterprises and
establishments, as a Scientific Institutes of National Academy of Sciences,
as a teacher in Universities in Kyrgyzstan, National bank of the Kirghiz Republic,
the Ministry of Finance, Account chamber, companies "Megacom", Social fond
of the Kirghiz Republic.

4.4.

SHORT CONCLUSION

No matter where you’re standing or sitting as you read this, you’re within the territory
of some government agency, and probably several of them: some city or country,
or state, or economic incentive zone, or vector control district. No matter what your
political persuasion-or your cynicism about persuasions – geography information
system is one of the fundamental systems by which we have chosen to govern
ourselves.
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5
Some Principles of Unsupervised Learning
and Application in Education

In the beginning of the 90’s the idea of using data stored by computers to inform
business really emerged under the name “business intelligence”. Howard Dresner
from Gartner has defined business intelligence in 1989 as “concepts and methods
to improve business decision making by using fact-based support systems”. Factbased support systems use data mining to find information hidden in data. The data
mining cycle is depicted in the Figure 1.

Fig. 1. Process diagram showing the relationship between the different phases of data mining
Source: [4]
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Once data have been understood and prepared, which constitutes a substantial
amount of work, a number of methods or algorithms can be used for the modelling
phase, which is the phase that actually finds patterns. Evaluated patterns give
information that can be deployed or used to inform business.
One distinguishes two categories of methods to discover or learn patterns:
the supervised, and the unsupervised methods. The aim of supervised methods is
to discover patterns in the data to predict values or labels which are known to exist.
For example a bank knows that it has reliable customers who will reimburse their loan,
and unreliable customers who will not reimburse their loan. The label reliable/unreliable exists. Supervised methods will be used to try to find the patterns in the data
which characterize those customers that are reliable and allows predicting whether
a new customer will be reliable or not.The aim of unsupervised methods is to discover
labels that are not known in advance. For example a store would like to know whether
it has different types of customers, and which ones, to send targeted advertisement.
An unsupervised algorithm might discover labels such as “customers who buy mainly
expensive dairy products and in-season vegetables” or “customers who buy mainly
cheese and wines”.
In this chapter we focus on unsupervised algorithms and present three of them
that all belong to clustering: K-means clustering, agglomerative hierarchical clustering
and Expectation-Maximisation (EM) clustering1.
Further the idea of business intelligence may well be transferred to education.
Thanks to the development of learning managements systems like Moodle and
of various tutoring systems, a lot of educational data are available. Why not use data
mining on educational data to discover information that might help improve teaching
and learning? We complete this chapter by presenting works that use clustering with
educational data. The ERAMIS network uses Moodle as a common e-learning system.
Perhaps students’ projects in learning analytics or educational data mining will be
conducted inside the network.
This chapter is organized as follows: first it introduces Euclidean distance
in the context of clustering. Then, the three clustering methods mentioned above are
1

Occasionally clustering is used as a supervised method. We will see such an example in section 6.
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presented in turns. Further it is shown, with appropriate data sets, how they differ.
Finally, research works applying clustering to data stored by learning systems, in particular Learning Management Systems, are presented. The conclusion summarizes this
chapter and gives an outlook.The tool RapidMiner [13] has been used for all examples
of this chapter.

5.1.

EUCLIDEAN DISTANCE AND MEAN

The aim of clustering is to group objects so that similar objects are put in the same
group and dissimilar objects in different groups. Some algorithms, like K-means
clustering and agglomerative hierarchical clustering, do rely on the fact that
the similarity or dissimilarity of two objects can be calculated. A distance is a way
to calculate how dissimilar two objects are.
The Euclidean distance is well known from school mathematics to calculate
the distance between two points in a two-dimensional Euclidean space. Let x and y be
two points with coordinates (x1, x2) and (y1, y2) respectively. Their distance is given by
the following formula that can de derived using Pythagoras’ theorem:

d ( x, y )  ( x1  y1 ) 2  ( x2  y 2 ) 2 .
In data mining this notion is generalized to any object that can be described by a set
of numerical features or attributes. Let us take, as an example, students who are
described by their marks in three tests. We assume that the mark of Test 1 is out of 10
points, of Test 2 out of 30 points and of Test 3 out of 50 points. Table 1 shows
the marks obtained by three students s1, s2 and s3.

Table 1. Three students and their marks in three tests

Test 1

Test 2

Test 3

s1

8

27

45

s2

9

24

35

s3

7

21

40

Source: own elaboration
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Applying the above formula to our students give the following distances:

d ( s1 , s2 )  (8  9) 2  ( 27  24 ) 2  ( 45  35) 2  1  9  100  110 and
d ( s1 , s3 )  (8  7) 2  ( 27  21) 2  ( 45  40) 2  62 .
In the data mining context, a distance between two objects is always a number
bigger or equal to 0. It is equal to 0 when two objects have exactly the same values for
the considered set of attributes. In particular the distance between an object o and
itself is 0: d(o, o) = 0. The Euclidean distance is sensitive to the order of magnitude
of the attributes. Suppose that we scale the three tests above to have them all out of
10 points and that we calculate again the distances between the students. We obtain
now the following:

d ( s1 , s2 )  (8  9) 2  (9  8) 2  (9  7) 2  1  1  4  6 and
d ( s1 , s3 )  (8  7) 2  (9  7) 2  (9  8) 2  1  4  1  6 .
With the scaling, the three students are equidistant from each other. Without
the scaling, s3 is less distant from s1 than s2.
There are other formulas to calculate the distance between objects and
the objects do not have to be described by numerical attributes, see [7]. However,
the most common case in business and also in education is to have objects that are
described by numerical attributes and the distance used most commonly is
the Euclidean distance. We will use Euclidean distance in the sequel.
A group or cluster is often represented by its centre. When Euclidean distance is
used, the mean is the most common way to calculate a centre. Using the mean
the centre of the three students shown in Table 1 is:

 8  9  7 27  24  21 45  35  40 
 =
,
,
  (8,24,40).
3
3
3
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5.2.
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K-MEANS CLUSTERING

K-means clustering is a partitional clustering method. The number K of desired
clusters has to be fixed in advance. We first present the algorithm and then show
a method to guess an appropriate K.
Algorithm
K-means clustering discovers or learns clusters by grouping objects of a data set
around k centers. It is quite straight forward.
Chose randomly K objects as the initial cluster centers
Repeat
(Re)assign each object to the cluster which center is nearest
Update the cluster means
Until no change.

Let us illustrate how the algorithm works with the data set of points shown
in the Figure 2 when points A, D and G are chosen as initial random centers, which
also means that we look for three clusters. Table 2 shows the first two iterations, the
first iteration is shown by the three columns on the left and the second iteration
by the three columns on the right of the table. Note that for the points A, D and G
in the first iteration no calculation needs to be made in the first iteration, because
d(o,o) = 0 for any object o. The Euclidean distances are squared because taking
thesquare root has no impact to find the closest center. Further they are left
as arithmetic expressions to make their derivation clearer. Consider the distance
between B(2, 5) and the center µ1(2, 10) of the first cluster in the first iteration:
( ,

) = (2 − 2) + (5 − 10) = (0 + 25) , which is written in the table. The values

in bold show the smallest distance and, consequently, also the cluster a point belongs
to. After the first iteration A is alone in the first cluster, while cluster with center µ3
contains B and G, and the second cluster contains the remaining points. The attributes
of the centers for the next iteration are calculated taking the mean of the points in that
cluster, the common way to proceed when Euclidean distance is used as already
mentioned. Let us take the third cluster as an example:
µ3(x)=(B(x)+G(x))/2=(2+1)/2=1.5 and µ3(y)=(B(y)+G(y))/2=(5+2)/2=3.5,
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see the new center µ3 in the rightmost column. In the second iteration H changes from
cluster with center µ2 to clusterµ1. A quick calculation shows that C, D, E and F do not
change their cluster in that iteration. In the third iteration, left as an exercise, centerµ1
becomes (3,8.5) and D will change to this cluster. After that, no change takes place.
The final clustering generated with RapidMiner is shown in Figure 3.

A, µ1
H
D, µ2

B
E
C

F
G, µ3

Fig. 2. Data set of points from [7]
Source: own elaboration

A -> C1


µ1

H -> C1

D -> C1

E -> C2
B -> C3
 µ3

 µ2
F -> C2

G -> C3

Fig. 3. Points of Figure 2 in three clusters
Source: own elaboration

C -> C2
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Table 2. The two first iterations to cluster the points of Figure 3 into 3 clusters
First iteration
µ1(2,10)

Second iteration

µ2 (5,8)

µ3 (1,2)

µ1 (2,10)

µ2 (6,6)

µ3 (1.5,3.5)

A(2,10)

0

B(2,5)

0+25

9+9

1+9

0+25

16+1

0.25+2.25

C(8,4)

36+36

9+16

49+4

36+36

4+4

42.25+0.25

9+4

1+4

12.25+20.25

D(5,8)

0

0

E(7,5)

25+25

4+9

36+9

25+25

1+1

30.25+2.25

F(6,4)

16+36

1+16

25+5

16+36

0+4

20.25+0.25

0

1+64

25+16

0.25+2.25

9+49

4+1

4+9

6.25+30.25

G(1,2)
H(4,9)

4+1

1+1

Source: own elaboration

Usually clusters are interpreted using their centers. Table 3 shows the centers
of the clusters depicted in Figure 3. One can interpret Cluster 2 (C2) as the group
of points with large x-coordinate and intermediate y-coordinate, Cluster 3 (C3),has
the points with small x- and y-coordinate, and Cluster 1 (C1) as the points with
intermediate x-coordinate and large y-coordinate.

Table 3. Centres of the clusters depicted in Figure 3
Attribute

Cluster 1

Cluster 2

Cluster 3

µ(x)

3.67

7.00

1.50

µ(y)

9.00

4.33

3.50

Source: own elaboration

K-means always converges and terminates. This is due to the fact that the sum
of squared errors (SSE) diminishes with each iteration. Sum of Squared error is
defined as:
k

  d ( x,  )
i

i 1 xci

where:
µi is the center of cluster ci.

2
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In other words, the squared distance between each object and the center of its cluster
is calculated and all distances are summed over all clusters. In our example at the end
of the first iteration SSE is given by:
2

2

2

2

2

2

2

2

d(A, µ1) +d(B,µ3) +d(C, µ2) +d(D, µ2) +d(E,µ2) +d(F, µ2) +d(G, µ3) + d(H, µ2) = 67,
where:
µ1=(2,10), µ2=(5,8) and µ3=(1,2),
and at the end of the second iteration by:
2

2

2

2

2

2

2

2

d(A, µ1) + d(B, µ1) + d(C,µ2) + d(D, µ2) + d(E, µ2) + d(F, µ2) + d(G,µ3) + d(H, µ1) =
30,
where:
µ1=(2,10), µ2=(6,6) and µ3=(1.5,2.25).
Between any two iterations we observe a drop of the sum of squared errors. Because
SSE is a number bigger or equal to 0, at some point the iterations will stop.
It should be noted that the result of K-means clustering, like EM-clustering
in the next section, depends on the centers chosen initially. Different centers may give
a different result. To overcome this drawback usually K-means is performed several
times with several sets of initial centers. The best clustering, the one giving at the end
the smallest sum of squared errors, is returned. Further K-means, as EM-clustering, is
quite efficient as it contains a simple loop through the data.
Determining the number of clusters
Sometimes users know how many clusters they want to obtain, but most often they
don’t. How can we choose K to fit best the data? There are several ways to do so.
One way is to use the sum of squared errors again. K-means clustering is performed
with several values of K. SSE is plotted against K. If the data do cluster naturally, this
plot has an elbow form. The elbow gives the appropriate value for K. Figure 4 shows
the plot obtained with K=2, 3 and 4 taking the data set of the Figure 3 (note that SSE
has been averaged which means divided by the number of objects). In this case 3 is
the best choice for K.
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Fig. 4. The plot SSE (average) against k shows that 3 is the best number of clusters
Source: own elaboration

5.3.

EXPECTATION MAXIMIZATION CLUSTERING

Clustering with the Expectation Maximization (EM) Algorithm is similar to K-means
clustering, but in contrast to K-means distances are not calculated. Instead
the probability that an object belongs to a cluster is calculated. The algorithm works
with a continuous function – the Gaussian distribution – to calculate the probability
of a cluster membership.
The Gaussian distribution
The Gaussian distribution describes the probability of an event. Most phenomena
of the nature can be described with this function. It is possible to calculate phenomena
that are dependent from many attributes (in that case x, μ and σ would be vectors) but
to keep things simple, we are using the Gaussian distribution (Figure 5) in
dependence of only one attribute for our explanation. The probability that x belongs
to the Gaussian distribution with arithmetic mean μ and standard deviation σ is given
by:
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( | , )=

1

(

)

=

√2

( | , )

where:
the factor

√

guarantees that the area under the Gaussian distribution is always one.

( )

µ-σ

µ+σ

µ

Fig. 5. A one dimensional Gaussian distribution
Source: own elaboration

Data is usually gathered by experiments or observations, in those cases

and

are

unknown, but if there are enough data points they can be estimated by the likelihood
method. Let X be a set of N observations assumed to be independent. One looks for
a Gaussian distribution with parameters μ and σ, so that the probability that each
observation can be described by this Gaussian distribution is maximized. Since
the observations are independent, the probability that each observation belongs
to the Gaussian distribution is the product of the probabilities. So one looks for μ and σ
that maximize the following product:
( | , )=

1
√2

resulting in the following standard estimators:
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=
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∑

and
=

∑

(

− )

EM clustering applies this idea looking for K Gaussian distributions associated
to K clusters. The aim of each iteration is to approximate better the K Gaussian
distributions of the clusters. In each iteration the probability that the observation or
element

belongs to the cluster ck: ( ,

) is calculated.

The calculation is based on the Bayes theorem:
( ,

) = ( ) ∗ ( | ),

ℎ
Given ( | ) =

( |

,

), we get:
( ,

) = ( )∗

1

(

)

√2

Maximizing the likelihood of this function gives the following results:

( )

=

=

=

∑

( ,

)

( , )
( ,

)

)
( , )( −
∑
( , )
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Algorithm
For the EM algorithm, the same routine as in K-means is used: We randomly initialize
K μ taking randomly K objects, K is the number of clusters, all σ are initialized with
the same random value and ( ) = 1/ . Then we calculate the probability for each
object given a cluster and use that to calculate new μ, ( ) and σ for each cluster with
the given equations. This is done until the centers of the clusters are not changing
anymore. The algorithm looks as follows:
Chose randomly k objects as the initial cluster centers
Chose initial p(c),

for each cluster

Repeat
For each cluster
Calculate the probability that an object belongs to it
Update for each cluster p(c), μ, σ
Until no change.

Table 4 gives an example calculation for the first iteration step of EM with the objects
shown in the Figure 6. The result is shown in the Figure 7. One can see that
the curves begin to show the typical progression of the Gaussian distribution.

Table 4. Probability that a given data point belongs to a cluster after the first iteration.
Initial values are: p(c)=1/3, σ = 1for all clusters andμ = 2, μ = 5, μ =1
x
2
2
8
5
7
6
1
4

p(x,c1)
p(x,c2)
0,1329
0,0014
0,1329
0,0014
-09
2,0252*10
0,0014
0,0014
0,1329
-07
4,955*10
0,01799
-05
4,4610*10
0,08065
-05
0,0806
4,4610*10
0,01799
0,0806
Source: own elaboration

p(x,c3)
0,0806
0,0806
-12
3,0449*10
-05
4,4610*10
-09
2,0252*10
-07
4,9557*10
0,1329
0,0014

87

Some Principles of Unsupervised Learning and Application in Education

Fig. 6. The data points
Source: own elaboration

0,14

( , )

0,12
0,1
0,08
0,06
0,04
0,02
0
0

2

4
p(x, c1)

6
p(x, c2)

8

10

p(x, c3)

Fig. 7. The probabilities that the point belongs to the cluster
Source: own elaboration

5.4.

AGGLOMERATIVE HIERARCHICAL CLUSTERING

The intuition behind agglomerative hierarchical clustering is to group clusters as long
as the resulting groups are too distant. We first present common ways of defining
a distance between groups and then the algorithm itself.
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Distance between clusters
We present four common and efficient ways to calculate a distance between two
clusters or groups of objects. These four definitions rely on using the distance between two objects. We used both to denote the distance between two clusters and
the distance between two objects. Let C1, and C2 be two clusters:


The minimum distance or single link calculates the distance between two clusters
by taking the minimum of the distances between any two elements from each
cluster: d (C1 , C2 ) 



min

o1 C1 , o 2C 2

d (o1 , o2 )

The maximum distance or complete link does just the opposite taking
the maximum distance: d (C1 , C 2 ) 



max

o1 C1 , o 2 C 2

d (o1 , o2 )

The average distance calculates all distances between any two elements of each
cluster

and

d (C1 , C2 ) 

returns

1
C1  C2

the

average

 d (o , o ) where
1

2

or

mean

distance:

S denotes the cardinality of a set

o1C1 ,o2C2

S.


The centre distance returns the distance between the centres of the two clusters:

d (C1 , C2 )  d ( 1 ,  2 ) where µ1 is the centre of C1 and µ2 the centre of C2.
Consider the example of Figure 3 and two clusters C1 and C2 with C1 containing A and
H and C2 containing B and G. Applying the four formulas above leads to the following:
Minimum:

d(C1, C2) = min (d(A, B), d(A, G), d(H, B), d(H, G)) = d(H, B).

Maximum:

d(C1, C2) = max (d(A, B), d(A, G), d(H, B), d(H, G)) = d(A, G).

Average:d(C1, C2) =
Centre:

1
(d(A, B) + d(A, G) + d(H, B) + d(H, G)).
22

d(C1, C2) = d( (3, 9.5), (1.5, 3.5)).

Algorithm
Agglomerative hierarchical clustering is rather straightforward too.
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Compute the proximity matrix
Let each data point be a cluster
Repeat
Merge the two closest clusters
Update the proximity matrix
Until only a single cluster remains.

Let us illustrate how the algorithm works with our running dataset. The proximity
matrix is shown in Table 5. As for K-means we do not take the square root
of the distance and leave the expressions. We take the maximum distance or
complete link to run the algorithm. There are three pairs of clusters with a squared
distance of 2. The first in the alphabetical order, (C) and (E), will be merged as shown
in Table 6.

Table 5. The proximity matrix for our running example
A(2,10)

B(2,5)

C(8,4)

D(5,8)

E(7,5)

F(6,4)

G(1,2)

A(2,10)

0

B(2,5)

0+25

0

C(8,4)

36+36

36+1

0

D(5,8)

9+4

9+9

9+16

0

E(7,5)

25+25

25+0

1+1

4+9

0

F(6,4)

16+36

16+1

4+0

1+16

1+1

0

G(1,2)

1+64

1+9

49+4

16+36

36+9

25+4

0

H(4,9)

4+1

4+16

16+25

1+1

9+16

4+25

9+49

H(4,9)

0

Source: own elaboration

The matrix is updated as follows: the distanced(A, (C,E)) is the maximum (d(A,C),
d(A,E)) therefore 36+36 in the table. This is repeated for all the remaining objects
in the line and column (C,E). Next (D) und (H) will be merged at a squared distance
of 2 again, see Table 7. In Table 7 we can see that next (C, E) and (F) will be merged
at a squared distance of 4. This continues till all objects are in one cluster.
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Table 6. The proximity matrix update after the first merge
A(2,10)

B(2,5)

C,E

D(5,8)

F(6,4)

G(1,2)

A(2,10)

0

B(2,5)

0+25

0

C,E

36+36

25+0

0

D(5,8)

9+4

9+9

9+16

0

F(6,4)

16+36

16+1

4+0

1+16

0

G(1,2)

1+64

1+9

49+4

16+36

25+4

0

H(4,9)

4+1

4+16

16+25

1+1

4+25

9+49

H(4,9)

0

Source: own elaboration

Table 7. The proximity matrix updated after the second merge
A(2,10)

B(2,5)

C,E

D,H

F(6,4)

A(2,10)

0

B(2,5)

0+25

0

C,E

36+36

25+0

0

D,H

9+4

4+16

16+25

0

F(6,4)

16+36

16+1

4+0

4+25

0

G(1,2)

1+64

1+9

49+4

9+49

25+4

G(1,2)

0

Source: own elaboration

The result of an agglomerative hierarchical clustering is commonly shown
as a dendrogram. Figure 8 shows the dendrogram obtained with our running example.
The height of the vertical lines is proportional to the distance while merging.
The dendrogram is cut when the merging distance becomes too big. One notices here
that the dendrogram could be cut to yield exactly the same clustering as K-means.
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D

H

A

B

G

C

E

F

Fig. 8. Dendogram for the points of Figure 2
Source: own elaboration

It should be noted that the result of agglomerative hierarchical clustering depends on
the chosen cluster-distance. Further is it less efficient than K-means or EM-clustering
as it contains a nested loop through the data. The inner loop comes from updating
the similarity matrix.

5.5.

COMPARISON AND FURTHER ISSUES

With our running example of Figure 2 the three clustering methods give the same
result when agglomerative hierarchical clustering is run with complete link. We show,
in this section, examples where these methods give different results. Further, we have
seen that Euclidean distance is sensitive to the order of magnitude. So are
the clustering methods and we illustrate this feature. Finally, can these methods return
a clustering even if the data are randomly spread and do not cluster naturally? We
finish this section tackling this last issue.
Finding slim shapes
K-means clustering finds round compact shapes with objects distributed around
the cluster center. It has difficulties finding slim adjacent groups as the Figure 9
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shows. Agglomerative hierarchical clustering run with single link can find slim adjacent
shapes. The dendrogram in the Figure 10 is obtained with the dataset of the Figure 9.
First the three lines of points are found. EM-Clustering cannot find these slim shapes
either. It ends with all points in the same cluster but with a very low probability of 0.38
for each point.

Fig. 9. K-means run with k=3 cannot find the three lines of points
Source: own elaboration

Fig. 10. Agglomerative hierarchical clustering with single link finds first the three lines of points
depicted in Figure 7
Source: own elaboration
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Scaled data
Numerical attributes can be of different order of magnitude. A distance, such
as Euclidean distance is sensitive to the order of magnitude of attributes as we have
seen earlier. Therefore, K-means and agglomerative hierarchical clustering, which use
a distance, but also EM-clustering are sensitive to the order of magnitude of numerical
data as we show now. Consider the two data sets shown in Table 8. The dataset
on the left, used already in the previous section, is the same dataset as the one
on the right, except that attribute y uses another unit so that the two attributes x and y
have the same order of magnitude.

Table 8. Two datasets: the y-attribute on the right has
been scaled down in the dataset on the left
x

y

x

y

2

10

2

100

2

5

2

50

8

4

8

40

5

8

5

80

7

5

7

50

6

4

6

40

1

2

1

20

Source: own elaboration

Using the tool RapidMiner, K-means and EM-clustering cluster each of these datasets
the same way: exactly in 3 clusters (according to the sum of squared errors, 3 is
in both cases the best number of clusters), but the 3 clusters differ: The Figure 3
shows the clustering obtained with the dataset on the left. The Figure 11 shows it for
the dataset on the right. The attribute y with the biggest order of magnitude in the
dataset right has more impact on the clustering, and therefore the point (2, 50)
belongs to cluster 1 containing points with similar y-coordinates.
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C2
C2
C2

C1

C1
C1

C1

C3

Fig. 11. The 3 clusters of the dataset Table 5 right
Source: own elaboration

Just looking at the centres does not make any difference. Both clustering methods
return centres that are easy to interpret and that can be interpreted in the same way,
as can be seen in Tables 9 and 10: Cluster 1 contains points with high x-coordinate
and intermediate y-coordinate, Cluster 2 contains points with small x- and y-coordinate, and Cluster3 contains points with intermediate x-coordinate and high ycoordinate.

Table 9. Centers of the clusters Figure 3
Attribute

Cluster 1

Cluster 2

Cluster 3

x

7

1.5

3.667

y

4.333

3.5

9

Source: own elaboration

Table 10. Centers of the clusters Figure 11
Attribute

Cluster 1

Cluster 2

Cluster 3

x

5.75

1

3.667

y

45

20

90

Source: own elaboration
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What is the best clustering? Should the data be transformed so that all attributes have
the same order of magnitude, to avoid attributes with bigger order of magnitude
to impact primarily the clustering? The answer depends on the context. If the bigger
order of magnitude reflects well the bigger importance of the attributes, it might be
advisable not to transform the data. Otherwise data should be transformed so that all
values have the same order of magnitude. A usual way to proceed is to standardize
the data. Weights proportional to their importance can be added to selected attributes.
Random data
Figure 12 addresses the issue of clustering random or uniformly distributed data,
though it is not immediately apparent in the figure, as RapidMiner does not use
the same scale for the x-axis and the y-axis. Note the difference with the Figure 9
earlier, where the points lie on the vertical lines with x-coordinate 1, 3 and 5, and not
1, 2 and 3 as it is the case here. However K-means run with RapidMiner returns 3
clusters when K is set to 3. Simply looking at the centres Table 11, the clusters are
easy to interpret: Cluster_0 contains point with intermediate coordinates and small ycoordinates. Cluster_1 contains points with small x-coordinate and big y-coordinate
and Cluster_2 contains both points with high x- and y-coordinates. The clusters are
interpretable but arbitrary. The sum of square errors helps to find out whether
the clustering might be arbitrary: the plot of Figure 4 does not display an elbow form,
but a continuous decrease instead. Performing EM-clustering on the same dataset
with K set to 3 returns only 1 non-empty cluster with the same low probability for all
points (0.469). Probabilities for the two other clusters are lower.

Table 11. Centers of the clusters Figure 12
Attribute

Cluster_0

Cluster_1

Cluster_2

x

2

1.5

3

y

1.5

4

4

Source: own elaboration
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Fig. 12. Arbitrary clusters returned by k_means with radom data
Source: own elaboration

5.6.

CLUSTERING WITH EDUCATIONAL DATA

Education like any other sectors in our society relies more and more on software
of different kinds. These software store usage data that can be mined or analysed
to understand better how students learn with the goal of improving teaching and
learning. This statement is the basis of two emerging fields: educational data mining
[5] and learning analytics [9]. Works in those fields use a wide range of techniques
to mine and analyse data [2]. Furthermore, a proper visualisation of the results
is a crucial aspect in both fields. A common use of supervised techniques is to predict
performance: is a student likely to answer an exercise correctly, to pass a course,
to drop off a degree? A common use of unsupervised techniques is to find dependencies between attributes and to group objects. They are also combined with supervised
or classification methods to obtain better prediction. In this section we give a flavour
of how unsupervised methods are used in education by presenting selected works that
use clustering.
Some educational software applications, like tutoring systems or serious games,
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are topic specific. There is a myriad of tutoring systems to learn very specific subjects
like algebra middle school, Chinese for beginners, logic proofs to cite very few
examples. The development of a tutoring system requires the help of domain experts
and is laborious. The so called intelligent tutoring systems store users' data. Data
Mining for this kind of systems consist in analysing usage data and learn from them
to adapt to the learner better. For example, an intelligent tutoring system does not
propose another exercise on a given topic if the system calculates that the student has
already grasped the skills behind, or on the contrary, proposes a similar exercise
to reinforce concepts when needed. The calculation of skills' mastery of students is not
an easy task. Clustering is combined with classification in [14], [8] and [6] to better
calculate skills’ mastery. Clustering is used in [11] to cluster students according
to their skills’ mastery: students in one group master or do not master skills in a similar
way.
An important class of educational software is the one of Learning Management
Systems (LMS) like Moodle. This kind of software is not topic specific, it is at a course
level and, to some extend, degree level. LMS make the delivery of contents and
the communication between students, teachers and, to some extend, study program
managers easier. They store usage data about students' interactions with the contents
or resources of a course. Analysing these interactions' data can provide hints and
warnings early enough in a course or in a semester about how students are doing.
This is especially important for the first semester of any degree where students' drop
off is more likely. Analysing these interactions' data provides also valuable hints
to improve the resources and the learning and teaching of a course in general, which
is a key to students' success.
Pechenizkiy et al. in [12] cluster students according to their results to exercises
accessible in a learning management system in order to investigate whether there are
groups of students not performing well. They also cluster exercises to investigate
whether exercises are related in the following sense: if students fail, respectively
succeed, one exercise of a cluster, they also fail, resp. succeed, the others
of the same cluster. This can be important to build a well-balanced exam for instance.
For this, they use agglomerative hierarchical clustering. They measure the distance
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between two exercises c and r using conditional probabilities: d(c, r) is the probability
of answering c correctly knowing that r has been answered correctly.
Lopez et al. [10] use clustering as a supervised method to predict whether
students will pass or fail a course. Interestingly they use only the behaviour
of the students in forum for this prediction. They make the assumption that students
active in forums will engage more with the material and, consequently, perform better.
They get the best results using the following attributes that they calculate for each
student: dCentrality: degree centrality, nMessages: number of messages sent,
nReplies number of replies sent, nWords: number of words written, dPrestige: degree
prestige, aEvaluation: average score of the messages. This means, each object, here
a student, is described by six numerical attributes. The two attributes dCentrality and
dPrestige are known from Social Network Analysis. The degree of centrality is usually
calculated by the number of messages sent and received, while the degree of prestige
is calculated by the number of messages received. The attribute aEvaluationhas been
manually calculated by a teacher. They have used K-means, EM-clustering and
several variants of those algorithms to cluster the students in exactly two groups. One
group is expected to be the group of the students who fail the course and the other
group the one of the students who pass. They got the best result using EM-clustering
with 84% of the students predicted correctly.
The proceedings of the conferences educational data mining (EDM) or learning
analytics and knowledge (LAK) present each year works using clustering in an educational setting.

5.7.

CONCLUSIONS

In this chapter we have presented the three most used clustering algorithms, Kmeans, EM-clustering and agglomerative hierarchical clustering, explaining the ideas
they rely on and how they might return different clustering results for the same data
sets. We have also presented works that use clustering with educational data.
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Inside the ERAMIS network projects in data mining, more specifically in clustering
could be conducted. Projects could have to do with the methods themselves: can we
visualize how they perform differently on different data sets? Using a tool like
RapidMiner it is not possible to see how the centers change with each iteration.
A project could be implementing the algorithms in such a way that the centers are
visualized after each iteration. Projects could have to do with educational data.
In the ERAMIS network the same tests should be given to all students of all partner
universities. This will generate data. Can we discover groups of exercises inside
a course or even across several courses that students succeed in the same way, as
investigated in [12]? Can we discover whether courses are related: students who
perform well in course A perform also well in course B? And, of course, projects can
be conducted with industrial partners with their own data to support them in improving
their business.
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6
Advantages of Object-Oriented Approach
in Construction of Electronic Learning Resources
Models

Absence of interoperability between various systems generates difficulties of creation
of the distributed educational environments in Intranet/Internet networks. For the decision of this problem use of technologies Semantic Web is offered. For the description of electronic educational resources structure it is offered to use ontologies.
Representation

of

the

information

systematized

and

structured

by

means

of ontologies, can be used for formation of structure of storage of educationalmethodical materials as a resource of the information-educational environment and
construction of mathematical and information model of a training course.

6.1.

INTRODUCTION

Nowadays, researching of the creation and development of electronic educational
resources has become very frequent. Internet resources play a role not only as means
of finding and obtaining a "useful information" but also as the tool for the development
of existing forms of education and creating new ones. In this regard, particular
attention is paid to the development of concepts and various forms of e-learning.
E-learning (e-learning) is based on the use of multimedia technologies and the Internet to enhance learning process by facilitating access to resources and services, as
well as sharing and collaboration at the distance.
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One of the priorities of e-learning is the widespread introduction of information
technologies to create a single information and educational environment of university,
which would have united the means of telecommunication, information, software,
networking environment, educational databases, electronic libraries, electronic
educational publications, multimedia products and etc.
The informational and educational space is deemed as an interconnected set of
information, software and technical resources, and organizational and methodological
support to improve efficiency of educational process.

6.2.

EDUCATIONAL NETWORKING AND DATABASES

Educational network systems must have a high level of interoperability (interoperable),
which is the possibility of interaction with various other systems [1]. This requirement
is very important when creating distributed learning environments in the Intranet/Internet networks. Most educational systems implement this requirement through the open
access interfaces to their services or by using a common format for data exchange,
namely XML and its associated object model representation of the documents DOM
(Document Object Model), carrying out, if necessary, XSL-transformations. This
approach allows us to solve the problem of syntactic interoperability. Unfortunately, for
interaction between different educational systems in the Intranet / Internet networks
in most cases providing only syntactic interoperability is not enough. This is primarily
due to the fact that the same information can be syntactically represented in different
ways, and as a consequence there may be a natural barrier between the systems.
Thus, the main obstacle in the process of creating web-based distance learning
courses is the lack of standardization of network training tools. To solve this problem,
it seems appropriate to use Semantic Web technology [2]. Concept of the semantic
web (Semantic Web) as a new format for the Web-content was introduced by W3chairman of the Consortium, Tim Berners-Lee (Tim Berners-Lee) in 2001. Advantages
of the new reporting format in the WWW is that it provides the maximum degree of
classification of any information, making the joint work of people and cars more
efficient. The main difference between Semantic Web from the Web is that each page
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of a semantic network provides information in two languages: an ordinary, human
readable and shown in the browser, and the special, the information which is hidden
from human eyes, but can be understood by intelligent software agents, robots. This
special language describes the material presented on the page with the tags and
attributes that are understandable to machines. Formal semantics of documents in this
way can be processed by computers, transferred between different agents, which
might be programs and people.
There are already a number of key technologies invented: Extended Markup
Language (Extensible Markup Language, XML), RDF system (Resource Description
Framework, RDF), Web Ontology Language (Ontology Web Language, OWL),
SPARQL Query Language for RDF (SPARQL Query Language for RDF), which is
used to describe, store and disseminate knowledge [3, 4]. The same works are being
done on the standard SPARQL protocol for RDF and standard which defines the XMLformat presentation of the results of processing SPARQL-queries (see the Figure 1).

Fig. 1. Stack of specifications Semantic Web
Source: [3]

Today, the main volume of structured data sources are the relational database,
although it also may be file systems, XML and databases, which extend the scope
of its application, and other types of information sources. Regardless of the method
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of storage, the first issue of integrating heterogeneous data which you will have to deal
with during the formation of a repository of information resources – is a variety
of models and data schemas, their low level of abstraction, a small level of the adequacy of the semantic domain for high-quality solutions which need to work with data
corresponding to a significantly more semantically rich data model. For example,
a good solution may be to move to some object-oriented data model, which is in many
ways similar to semantic models, where the key unit is a complex structured
information object that supports a variety of attributes, that is involved in various
associations with other objects [5].
The transition from the relational data model for object-oriented is a necessary
step in building an information storage. Object-oriented model allows you to:


increase the level of abstraction of the domain model;



it is convenient to highlight the canonical data schemes, representing the
intersection of the export schemas of data corresponding to the different subject
areas, to build unified object requests for access to distributed data and then
aggregating the results of queries in accordance with canonical schemes;



in the case of RDFS and OWL – you will have a uniform representing format,
which provides syntactic and semantic interoperability.

The most important aspect of an object-oriented approach is the ability to create
prototypes of objects with further cloning and representation of them in the form of
specific instances. Each object type has its own set of functions (methods), working
with objects of this type. Object-oriented approach allows you to organize the
information hierarchy, for example, to organize a coherent system of methods for
service in such a complex system, as an educational portal.
An example of a hierarchy of objects can be a description of electronic
educational resources stored on the portal, digital library, etc. In order to allow
automated processing, any description shall have a uniform shape. Abstract class
"document" (general concept of an information resource) must match the abstract data
object that describes the data inherent in any document. Information objects that
describe the specific document types (text, test paper, abstract) must obtain the
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general properties of the document, but also include properties that are unique to a
particular type of document.
Methods of working with these information objects are electronic library services:
a "smart" search on storage libraries, generation of dynamic catalogs, profiling, etc.

6.3.

ONTOLOGY IN EDUCATIONAL RESOURCES

Using the ontology is advised to describe the structure of electronic educational
resources. At the formal level ontology is a system consisting of a set of concepts and
a set of assertions about these concepts, looking on which one can describe classes,
relations, functions and individuals. One of the most famous definitions of ontology
was given by Tom Gruber. It says: "Ontology is the exact specification of a conceptualization" [6]. Conceptualization implies the description of a domain that defines
a set of objects that exist in the described application domain, and the set of relations
between these objects. Ontology consists of a dictionary, that is, a list of logical
constants and predicate symbols to refer to a domain and set of logical statements
representing the constraints that exist in this subject area and narrowing interpretation
dictionary, ontology provides vocabulary for representing knowledge and sharing
knowledge on a certain topic as well as many links and features available between
entities designated by means of the dictionary.
At present time, there are a number of tools designed to create and maintain
ontologies that in addition to common features for editing and viewing, carry out supporting documenting ontologies, import and export of different formats and languages
of ontologies, support for graphical editing, management of libraries of ontologies, etc.
It was decided to use the ontology editor Protege in order to create and edit
ontologies of electronic educational resources. Protégé is a local, a freely available
Java-program developed by a group of medical informatics at Stanford University [7].
The program is designed to build (create, edit and view) ontologies of applicated
domain. Protégé includes ontology editor which allows designing ontologies by turning
the hierarchical structure of abstract or concrete classes and slots. The structure of
the ontology is done similar to the hierarchical directory structure. Formed on the basis
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of ontology, Protégé may generate a form of learning for the introduction of instances
of classes and subclasses. The advantages of Protégé is that it can keep ontologies

in its databases and thus manage large ontologies, as well as it has a graphical
interface. Protégé is based on a framed model of representation of knowledge
of OKBC (Open Knowledge Base Connectivity) [8] and is equipped with a number
of plug-ins [9], which allows it to adapt to edit the models stored in different formats
(standard text in the database, JDBC, UML, XML, the XOL, SHOE, RDF and RDFS,
DAML + OIL, OWL). Applications developed by using the Protege, are implemented
in solving problems and making decisions in a particular subject area. The modular
architecture of Protege expands the class of systems that can be assembled
to perform certain tasks on the acquisition of knowledge, and contributes to the fact
that the future knowledge acquisition systems can be better customized to meet
specific requirements of users.
In the developed ontology subclasses and superclasses structure is implemented
in the description of language C #, which can then be used as a basis for creating
ontologies in other programming languages. The Figure 2 shows a possible division
into different levels of generalization.

Fig. 2. Different levels of taxonomy C #
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All subclasses obtain the slots of the class. For example, all the slots of C# class
will be gained by all subclasses of that class. Slot is attached to the most general
class. Language ontology contains a class C #, subclasses. Slots are the finite
element . Where slots are unique, there is an additional superclass to subclass, which
contains slots that are unique to this class and would have been redundant for
subclasses. Figures 3 and 4 show the steps for creating slots of different classes.

Fig. 3. Slot classes
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Fig. 4. Window of creating slot

Figure 5 shows a diagram of the ontology was built using the plug-Jambalaya.

Fig. 5. Ontology scheme

Content management system (CMS), which creates a convenient WEB-interface
to work with educational material is used to build an interface between the machine
and user . In order to implement the inference machine was chosen a set of libraries
called Jena. It is a clever means of logical inference for context ontologies designed
with user interfaces in the areas of knowledge where logical processing of large data
sets is required.
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CONCLUSIONS
Thus, the representation of information, systematic and structured through the
ontologies can be used to form the structure of storage of teaching materials as a resource for information and educational environment and the construction of mathematical models and information of the course, as well as to facilitate the retrieval of information resources in distance education learning. It is intended to use modules
of the ontology to describe the subjects, establishing links between the basic concepts
of the subject area, and also to link each concept with information assets that should
be used for exploration of the topic. Further work is to construct a model of informational and educational environment and development of technology for users’
access by the corporate network and the university through the Internet to the data.
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7
Learning Outcomes of the Course
“Operating Systems & Networks”

This chapter presents base learning outcomes of the course “Operating systems
& Networks”. The goal of the theoretical part of the course is to introduce the fundamental concepts of computer architecture, operating systems and networks. Practical part of the course is devoted to the work in operating systems Windows and Linux,
issues of computer system resources management, the bases of network designing
and support, security problems.
After completion of this course, the students should be able to recognize
operating system (OS) types and structure; describe OS support for processes and
threads; explain OS support for virtual memory, disk scheduling, input/output and file
systems; identify security and protection issues in computer systems; develop various
programs under Linux and Windows to make use of OS concepts related to process
synchronization, shared memory, networking; plan and implement small networks
across a range of applications.

7.1.

CONTENT, CONCEPT AND IMPLEMENTATION OF THE COURSE

The course “Operating systems & Networks” provides students with a deep understanding of modern operating systems and networks technology, implementation
techniques and research issues. Objectives of the course are to introduce numerous
fundamental concepts and principles of operating systems, expose students to the po-
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pular operating systems of Linux and Windows including hands-on experience; provide students with fundamental concepts and definitions of the theory of networks,
bases of construction of LAN and WAN networks.
Learning outcomes: On successful completion of the course, students will be able
to: evaluate and analyse the architecture and functionality of an operating system;
install an OS and apply shell commands for Linux and Windows OS; analyze and write
concurrent programs in C++ or Java; perform simulation, visualization and
assessment of complex network technology concepts in Packet Tracer environment;
make diagnostics of network malfunctions; make a choice of the necessary equipment
for networks.
General competences:


instrumental competences: The ability to use subject knowledge in creative probem solving in the educational, research, scientific work; the ability to synthesize
scientific information to build new scientific facts in the context of general
knowledge;



interpersonal competences: The ability to work as an individual with minimum
guidance; the ability to work in teams to find and to make management decisions
in terms of different views;



system competences: The ability to acquire new knowledge, using modern
information technology education; be methodically and psychologically prepared
to change the type and nature of their professional activities, working
on interdisciplinary projects;



professional competences: The ability to use, setup, configure, troubleshoot and
maintain a current operating system; to develop, implement and maintain computer networks.
Prerequisites of the course: Familiarity with the use of a computer, base notions

of programming.
Postrequisites: Analysis, simulation and maintain of operating systems and
networks.
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Content of the course: Introduction to operating systems, general architecture
and organization. The Windows operating system. The Windows command language
and scripts programming. The Linux operating system. The Linux command language
and scripts programming. Execution mechanisms – introduction to resources
management. Mutual exclusion – tasks synchronization. Introduction to network
concepts. OSI transport layer. OSI network layer. Addressing the network – IPv4. Data
link layer. OSI physical Layer. Ethernet. Introduction to routing and packet forwarding.
Static routing. Introduction to dynamic routing protocols. Planning and cabling
networks. Configuring and testing a Network. Network security bases. Network
security bases.

7.2.

CONCEPT AND STRUCTURE OF LECTURES

In this part of the course the lecturer presents new concepts, thus constructing
the basis of the student’s knowledge. The lecturer helps the student gain concrete
experience by explorations and demonstrations. The theoretical part of the course is
devoted to the study of fundamental concepts of operating systems and networks.
To provide maximum fast-acting and to satisfy the users’ needs, operating
systems allow executing simultaneously several tasks using such abstractions
as processes and threads to keep up parallel operations. Within the framework of this
course students get to know how operating systems manage processes and threads
[1-3]. Besides, when operating a computer system, of great importance is an effective
use of resources. This course also deals with the main mechanisms of operating
systems on resources management.
Central to the study of networks is the use of generally-accepted models that
describe network functions [4]. These models allow understanding current networks
and facilitating the development of new technologies to support future communications
needs.
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7.3.

CONCEPT AND STRUCTURE OF PRACTICAL WORKS

At practical lessons students have the choice of means such as examples, formulation
of problems and their solutions in order to find the sense of concepts studied at theoretical lessons and apply their understanding to concrete tasks. Here students use
the whole spectrum of their knowledge and create solutions for real cases under
study.
Practical lessons of this course are devoted to the work in operating systems
Windows [5] and Linux [6], issues of computer system resources management,
the bases of network designing and support, security problems.
This course consists of a number of applied problems to be solved by the student. Special attention will be paid to practical skills which will be further developed by
solution, at first, of simple and then more complex practical problems.
Cases taken from real life are used as applied problems. On completion of the
course, students will not only acquire technical knowledge but also be able to use
them in different applied fields. Having acquired the necessary knowledge at practical
lessons with the supervisor, students will be able to use it for solution of more complex
problems. This will help consolidate the acquired theoretical knowledge. Also,
students study additional literature, this developing the ability to find and adopt new
knowledge. This forms professional competence, the ability to get adapted to concrete
conditions and problems being solved.

7.4.

CONCEPT AND STRUCTURE OF INDIVIDUAL WORKS OF STUDENT

This course stipulates the independent work of students. The student uses his/her
understanding of the concept, forms logical deductions that allows him/her to solve
practical problems effectively. Project on the studied course can be proposed as tasks
for independent or group execution. Project fulfillment may include several stages.
At the first stage, analysis of a system is performed to determine the processes
of the system and functions of each process. The next stage is development
of the system followed by testing and debugging. When estimating the project, impor-
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tant parameters are the quality, timely execution, quality of report documentation [7,
8].
Project execution requires utilization of the knowledge and skills acquired by
the student at theoretical and practical lessons. The student himself makes decisions
on what paradigms, methods, technologies and tools to use.
Some themes of the course are given below. On the examples of these themes,
the content of the lesson, the intended learning outcomes and realization of the tasks
by students are presented.

7.5.

CHAPTER: DEFINING AND STARTING PROCESSES AND THREADS

Within the framework of this chapter students will study such base units of execution
as processes and threads. After completion of this chapter, the students will be able to
describe OS support for processes and threads, recognize CPU scheduling, synchronization, and deadlock.
At practical lessons students will learn not only to work with the existing processes and threads but also create threads in Java implementing Runnable interface and
extending Thread class. Students will also able to identify demon-threads which allow
describing background processes. The Figure 1 presents execution of a process in
Java which creates several processes.

Fig. 1. Creation threads in Java
Source: own elaboration
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CHAPTER: MULTITASKING AND MULTITHREADING

This chapter presents multitasking and multithreading. The chapter introduces the need for expressing concurrency to support simultaneous operations in operating system. Multitasking results in effective and simultaneous utilization of various system
resources such as processors, disks, and printers. The chapter also is focused on
learning how to write an application containing multiple tasks that can be executed
concurrently; and introduces multithreading programming constructs in Java including
synchronization techniques.
After completion of this chapter, the students will be able to describe concepts
related to process and thread management, to understand the importance of concurrency, understand multithreading in Java, create user-defined classes with thread
capability. Students will have practical skills to coordinate actions of several threads
using synchronized methods and synchronized operators, to implement inter-thread
communication for correct execution of the logics of threads. Coordinated inter-thread
communication allows rationally using the processor time.
Figure 2 presents an implementation of the program of using of two shared
printers between threads.
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Fig. 2. The example of execution of multithreaded application
Source: own elaboration

7.7.

CHAPTER: EXECUTION MECHANISMS - INTRODUCTION TO RESOURCES
MANAGEMENT

This chapter presents key points of computer system resources management and
provides an overview of the fundamental mechanisms used in memory management.
The basic requirements of any memory management scheme are summarized.
The chapter deals with two techniques that form the basic building blocks of virtually
all memory management systems: paging and segmentation. Chapter is devoted to
overview of I/O storage devices, disk I/O and the organization of the I/O function within
the operating system. Students look at the way in which multiple disk requests can be
scheduled to improve response time.
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After completion of this chapter, the students will be able to recognize types
and structure of I/O storage devices, explain OS support for virtual memory, disk
scheduling and I/O systems, recognize physical characteristics and performance
determinants of computer system resources, evaluate and analyse basic algorithms of
memory and disk management, implement the programs by these algorithms.
Figure 3 shows an example of the behavior of “Least recently used Page”
replacement policy (LRU) using the page address stream.

Fig. 3. Behavior of “Least recently used Page” replacement policy
Source: own elaboration

Figure 4 compares the performance of various disk scheduling algorithms for an
example sequence of I/O requests.
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Fig. 4. Comparison of disk scheduling algorithms
Source: own elaboration

7.8.

CHAPTER: IPV4 ADDRESSES. CALCULATING ADDRESSES

IP addressing is the fundamental method for computers to identify themselves on
most computer networks. Every network device connected to the Internet has an IP
address. This chapter explains the basics of finding and changing IP addresses.
Network addressing architecture divides the address space for Internet Protocol
Version 4 (IPv4) into address classes. Networks can operate efficiently if IP
addressing plan is designed, implemented and managed correctly. For practical work
by this topic Packet Tracer program environment is used. Packet Tracer provides
simulation, visualization and assessment of complex network technology concepts.
After completion of this chapter, the students will be able to explain the structure
IP addressing and demonstrate the ability to convert between 8-bit binary and decimal
numbers; classify an IPv4 address by type and describe how it is used in the network;
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explain how addresses are assigned to networks; determine the network portion
of the host address and explain the role of the subnet mask in dividing networks.
Figure 5 shows how students assign IP information to a host, select the proper IP
address, mask and gateway in Packet Tracer environment [9, 10, 11].

Fig. 5. Assignment IP information to a host in Packet Tracer environment
Source: own elaboration

7.9.

CHAPTER: DATA LINK LAYER. OSI PHYSICAL LAYER

The role of the OSI data link layer is to prepare IP packets for transmission and to
control access to the physical media. The Physical layer controls how data
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is transmitted on the communication media. This chapter introduces the general
functions of the data link and physical layers and the protocols associated with them.
After completion of this chapter, the students will be able to explain the role
of data link and physical layers protocols in data transmission, describe the purpose
of physical layer signaling and encoding, identify the basic characteristics of copper,
fiber, and wireless network media, explain the purpose of encapsulating packets into
frames to facilitate media access.
Students can perform practical work in Packet Tracer program environment.
Figure 6-7 presents the examination the different Layer 2 encapsulations and wireless
local network in Packet Tracer environment.

Fig. 6. Examination the different Layer 2 encapsulations in Packet Tracer environment
Source: own elaboration
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Fig. 7. Examination the wireless local area network in Packet Tracer environment
Source: own elaboration

7.10. CHAPTER: NETWORK APPLICATIONS WITH UDP
Client-server applications play a key role in commercial processes providing solutions
for quickly changing needs of a client. The client-server architecture is the architecture
of development of applications created for dividing data representation from
the internal processing and storage (the Figure 8).
By network the client requests services and the server performs these requests.
The processing performed by server is hidden from the client. One server can serve
numerous clients. Development of a client-server network models, implementation of
network applications are one of the important problems of computer science [12].
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Fig. 8. Client-server architecture
Source: www.pcclm.com

Objectives of this chapter are to learn the basics of network programming using
UDP sockets, to understand simple network management protocols and practical
issues. Java can be chosen as the programming language for development of network
applications. Java language provides a voluminous library of classes which allow
applications to get an easy access to network resources.
After completion of this chapter, the students will be able to evaluate basic
theories, processes and outcomes of network programming; apply theory, techniques
and relevant tools to the design and implementation of a simple network programs.
Figures 9 and 10 demonstrate the implementation of simple UDP client-server
application.
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Fig. 9. Server process of UDP client-server application
Source: own elaboration

Fig. 10. Client process of UDP client-server architecture
Source: own elaboration

7.11. CHAPTER: NETWORK APPLICATIONS WITH TCP
TCP is a protocol with connection establishment which provides a reliable connection
between the client and server applications. The main goal of this chapter is to enable
the students to develop the necessary skills for developing robust and scalable
network applications, to learn the basics of socket programming using TCP sockets
and to build necessary basic knowledge for managing computer communication
networks. Learning outcomes of the chapter are knowledge and critical understanding
of the well-established principles of network programming, knowledge of the main
methods relevant to the field of network programming, and ability to evaluate critically
the appropriateness of different approaches to solving problems in the field of networking. Figure 11 demonstrates the implementation of TCP client-server application.
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Fig. 11. Server process of TCP client-server architecture
Source: own elaboration

7.12. CONCLUSIONS
Studying of the course “Operating systems & Networks” allows students to apply
creatively in practice the acquired knowledge, critically analyze and apply a range
of concepts, principles and practices of the operating systems and networks
in the context of specified problems. Experience in various program environments can
be very useful for students to solve real applied problems.
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8
Computer Program of an Optimizing
Assessment of Ore Deposits

8.1.

INTRODUCTION

The known technique of [1] optimization ore deposit mining looks like collection
of mathematical formulas which are incorporated in a well known office application
"MS Excel". However, there was a need for a separate specialized application
to perform the calculation of the optimal variant of deposit mining, in order to further
expand and supplement in improving the methods of calculation, advanced user
features of the program and take into account different factors that influence the final
results.
Thus, below is stated the computer program which is carrying out an optimizing
assessment of ore deposit and mining projects [1].

8.2.

METHODICAL BASIS

The bases of computer realization of optimizing assessment were the technique
stated in work [1]. Below given the total formula of optimizing functionality of R
expressing net current value of a deposit [1]:
R  Д о . д  Д д  S д  K д 
M о  Ц  А   1   2  M  Ц  А   1   2  S   1   2  T 1  K  1  T 1

(1)
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The formula (1) expresses functionality of R which needs to be maximized to find
the solution of an optimizing task. The designations used in a formula (1) reveal
below.
The first line (1) designates the following:
До.д

-

Дд

–

total

discounted

income

from

production

realization;

Sд – total discounted operational expenses;
The bottom line of the formula opens essence of each member of the formula written
in the top row:

M o  K к  o  Co - the extracted metal from ore ton at the initial stage;

M  K к    C - final value of the extracted metal from ore ton;
 -

metal extraction ratio at enrichment and metallurgical conversion;

M 

2M o  M 
- average annual decline of extracted metal;
T

T

Q
- life of mine, in years;
A

Tc  aT  вT  A - period of the enterprise construction, in years;
QБ

Kи
Kк

- extractable reserves in respect extraction ratio Ки, changing

a quality of the ore in mining Кк;
А – enterprise capacity;
Б – balance reserves on options contouring;

C  ac  вс  Б 

dc
- metal content of the recovered reserves;
Б

 А
З  а з  в з  А , З  Зб  
 Аб





п1

- annual operating costs.

Index б refers to the basic scenario, and the value without the index shows
the estimated option;

а

S   з  в з   Q - total operating costs;
А
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 А
K  ак  в к  А , K  K б  
 Аб
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- total capital costs;

The discount rates  are expressed as follows:
Т с

1  1  Е 

,

Т

 2  1  Е 

.

Annuity coefficients  are as follows:

1 

1  Е Т  1 ,
Т
Е  1  Е 

2 

1  Е Т  1 .
Т
Е  1  Е 

с

с

Integral discount rate is defined as:

 2   21  1  (1  E )  Т  Е   Е 2   2  0, 5   2 .
The coefficients а, в, d in the above equations are constant parameters.

8.3.

THE PROGRAM INTERFACE

There was developed a computer program based on the above mentioned method
to optimize the mining of ore deposits. A computer program was developed
in the environment of an object-oriented programming "Delphi-7" [2, 3]. The final result
was an executable file size of 600 KB. All input data are entered at run time and can
be obtained in the form of graphs.
Installing the software is as simple as copying the exe-file to the appropriate
directory, and to offer him their icon. You can, if necessary, to place the icon
in the menu or on the computer desktop. All these and other related to the placement
of the program and its icon a user performs in accordance with their requirements.
It should be noted that this version of the developed program is the first version,
obviously will have further improvements, which are very often due to the operation
of the program in the real world.
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A program written in the language of "Delphi" and consists of five modules,
a main module «B_Basic» and four modules containing algorithms for the corresponding optimization models. The programs are written using the technique of classes
and objects. This approach makes it easy to upgrade the entire program in the event
of a new optimization models, as well as to make changes related to the improvement,
both on the part of the algorithm, and from the user interface. The program runs on
any modern computer that has "Windows" family operating system.
So, the program is run by the usual run programs on a personal computer using
the menu options or clacking the mouse pointer on an icon. After starting the program,
opens the main window, as shown in the Figure 1.

Fig. 1. The main window of the program
Source: own elaboration

On the window, there are eight oblong feature buttons which are associated with
actions. The bottom button is used to end the program and close the main window.
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It is called "Exit" This action duplicates a button in the upper right corner
of the window. The other two buttons are next to resize the main window and are very
rarely used in multitasking mode. The remaining seven oblong buttons call the appropriate program model calculations, their short names are written on the buttons.
Pressing any of these buttons opens a window for the user with the appropriate model
optimization.
In the Figure 2 shows the window that opens when you click on "Traditional
scheme – static optimization". In fact, the window consists of three additional windows
arranged as tabs. So we will call them, that is, tab "Main" contains the following fields
to enter and edit the main parameters of the optimization model.

Fig. 2. The window with main parameters of optimization
Source: own elaboration
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These parameters are:


Contouring reserves - Б. As this parameter is optimized, i.e. searched for
the optimal value of the two edit boxes, located nearby in the same line, sets
the minimum and maximum values delineate reserves, within which we seek
the optimum or optimum value. Mathematically, this is as follows. Specified
range between the minimum and maximum values is divided into fifty equal
intervals and for each of these values is the value of R - current net value
of the deposit by the formula (1) and the following formulas. On found an array
of values of R is plotted on the tab titled "Graphics" and determine
the maximum value by visual inspection. In the absence of a maximum
in the tab "Main" changes the values in the edit boxes for the minimum and
maximum reserve - Б. And how to search the optimal value is repeated.
Change the values in the edit boxes can take place and to more accurately
determine the optimal value that means you can define it more close to each
other, thus increasing the accuracy of the values of the optimal value.



The price of the metal - Ц. This parameter unchangeable throughout
the optimization process, according to him is not optimized in the program.



Standard discount - Е . Discount, an option for the bank interest and it
is common for all calculations. Because different banks provide loans
at different interest rates, the optimization of this parameter is on special
interest to the user.



Coefficient of extraction of the ore – К и. This parameter is constant and can
not be optimized. However, optimization can be carried out under several
options for different recovery rates and then select the value with
the maximum value of R.



Coefficient of variation of the quality of ore by the mining - Кк. very difficult
to set the parameters as it is difficult to determine in advance. The only way
to evaluate it is on its value on these ore deposits. Experienced developers,
of course, take the minimum value of this, as if with a stock that gives
the opportunity to get some of the benefits in this field development.
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All fields are required bookmark. When you open the window in the edit boxes there
are some values. However, they must be changed according to its optimization
problem. You should be aware that the decimal part of a real number is separated
from the whole part with a comma. If you write any other signs an error occurs. Data
error, it can not fix, so the user must be careful when filling out the editing where
necessary affix signs on writing numbers.
After filling in all the fields edit bookmarks "main" user must go to the tab
"Advanced", Figure 3. Here are edit boxes for additional optimization parameters
of ore deposits.
They are:


the time coefficients of construction

ат and вт

in a formula, linking the

productive capacity А of the company with the time of construction Тс:

Tc  aT  вT  A


(2)

recovery ratio of metal at enrichment and metallurgical conversion - . It is
assumed to be 1.



the coefficients аз and вз in the formula for operating costs:

З  а з  вз  А

(3)

Formula (3) expresses the dependence of operational costs З from a productive
capacity A. The obvious dependence of operating costs can easily be determined
at the design stage, based on the rich experience of developing similar deposits.


The coefficients аk and вk in the formula for capital expenditures

K  ак  в к  А

(4)

The formula (4) expresses the linear dependence of the capital cost of К from
the production capacities А of the Company. Values of the coefficients shall be
entered in the appropriate field of the edit.
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Fig. 3. The window with auxiliary parameters of optimization
Source: own elaboration

Below are the editing field for the coefficients ас, вс and dc dependence of the metal
content in stocks being handled according to the following expression:

C  ac  вс  Б 

dc
Б

(5)

The value of Б is a balance stocks on the options contouring. As can be seen from
figure 3, user is provided with dual-band record of this formula. Where the criterion
of the range there is an additional field editing located far right. If you do not need
to have a formula for the two bands, and you are restricted to one, in the box to make
the criterion of the number zero, and the coefficients themselves make to the field
located above. In this case, the program ignores the second row, and takes into
account only the top row of the coefficients.
After filling in all the above fields the user has finished editing the preparatory
stage of optimization, which consists in making the original data. To perform
the calculation of the optimal value and the search please click on the "Search for
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the optimum" button on the "Advanced". If the user wants to end the program, press
the button "Return to the main form," and the program will close the current window
will open earlier, i.e. the main window.
After clicking on the "Search for the optimum", the user opens the bookmark
"Graphics", where shown the results of calculations and the search for the optimum
(Figure 4).

Fig. 4. The window is displaying the results
Source: own elaboration

On this tab is a graphical area where a graph of the net present value - R of
the deposit delineation stocks – Б. The following illustration and example clearly
shows the maximum of R. The rights of the drawing area are fields with numeric data
for optimal project:
The cost of R.
Value reserves B corresponding to the maximum value of the cost R.
The maximum amount of the R value of value of inventories B.
The average metal content C.
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Optimal production capacity of the enterprise A.
The value of capital investments К.
The value of operating costs З.
The amount of profit.
These were the main indicators of the optimal project. Other indicators,
if necessary, are placed in a file on your hard drive and made available for processing
by other applications.
Comparative calculation was performed with the previously known results. The
comparison showed full compliance with the numerical values with the known results.

8.4.

CONCLUSIONS

As a result of this work fulfilled following tasks:
1. Developed the program of ore deposits optimization depending on contouring
reserves.
2. Created user interface of the program, allowing in dialog mode to solve
complex optimization problems related to the design of ore deposits.
3. Conducted check calculations and received the relevant data on the
previously known works, which showed full compliance with each other.
4. Developed program which can be useful for scientific and educational
purposes to perform optimization of economic development projects of ore
deposits and mining projects.

LITERATURE
[1]

Dronov N.V., Tolobekova B. T., (2003), Optimization assessment of mining
projects in modern conditions. Bishkek: Ilim.

[2]

Kultin N., (2007), Delphi 7. BHV-Petersburg.

[3]

Marco Cantu, (2010). Delphi 2010 Handbook: A Guide to the New Features of
Delphi 2010. CreateSpace, 2010. ISBN: 1450597262.

9
Navier-Stokes Problem for Incompressible Fluid
with Viscosity

One of the present problems in mathematics is the Navier-Stokes equation which
describes the motion of viscous Newtonian fluid, and which is a basic
of hydrodynamic. Study of this equation presents a scientific interest not only in theoretical, but also in practical application. The main object of this work is to prove
existence and conditional-smooth solution of nonstationary problem Navier-Stokes for
fluid with viscosity [1].

9.1.

INTRODUCTION

The decision of many problems of theoretical and mathematical physics [4-11] leads to
use of various special weight spaces.
Work main objective, the proof of existence and smoothness of decisions
2

of a nonstationary problem of Navier-Stokes for an incompressible liquid in G (T ) .
If to designate components of vectors of speed and external force, as

v( x ,t )  [1 ( x ,t ),2 ( x ,t ),3 ( x ,t )], f ( x ,t )  [f1 ( x ,t ), f 2 ( x ,t ), f 3 ( x ,t )],

i  1,3 ,
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that for each value

i  1,3 turns out the corresponding scalar equation of Navier-

Stokes

i 3

1 P
  j i  f i 
 i ,
t j  1 x j
 xi

(1)

div  0 ,

(2)

with conditions:

i

t 0

 i0 ( x1 ,x2 ,x3 ), ( x1 ,x2 ,x3 )  R 3 , t   0, T0  , (t  R  [0, )),

(3)

 > 0 - kinematic viscosity,  - density,  - Laplas’s operator. The additional equation is
the condition incompressiblity liquid (2). Unknown are speed  and pressure P.
Therefore, here we offer a method to solution of a problem of Navier-Stokes for
an incompressible liquid which gives the proof existence of is conditional-smooth and
2

smooth solutions of the equation of Navier-Stokes in G (T ) .
However, physical conclusion of the equations of Navier-Stokes does not enter into our
problem, because there is a large quantity of the fundamental works, reflecting these
questions [4-11].
Here:

  ( 1 , 2 , 3 )  G2 ( T )  {( x1 , x2 ,x3 ,t )  T  R 3  [0,T0 ] : i  C 3,0 ( T );

it  L2 ( 0,T0 ),( i  1,3 ); it
is continuous and limited functions on ( x1 ,x2 ,x3 )  R

3

,

and
3

v

2
 G ( T )  i D(2i ; ) ( T ) ; i D(2i ; ) ( T )  i C 3 ,0 ( T )  it L2 ,( i  1,3 ),
i 1


T0
T0
1
  2  ( sup ( t )  ( x ,x , x ,t ) 2 dt ) 2 ;0  ( t ) : ( t ) 1 dt  q .
it
1
2
3
0

0
 it L
t
R3 0

(4)
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2

The space G (T ) differs from

L2 ( 0,T0 ) so much

that does not contain members with

the mixed derivatives, considering derivatives of 1st order on t. Introduction of such space
3

is enough for the proof of smoothness of decisions of a problem (1) - (3) on ( x1 ,x2 ,x3 )  R .
To answer the brought attention to the question, we offer the following method
of the decision of a problem Navier-Stokes. For that the phrpose, system (1) we will
transform to a kind

it  i  fi 

1
1
Px  Qx  i ,( i  1,3 ); divv  0,[rot  0,  ( 1 ,2 ,3 )], (5)
 i 2 i
3
1
 i   (  jix j  Qxi ),i  1,3,
2
j 1

3

(6)

3

Q  i2 , Qxi  2  j jxi ,i  1,3,
i 1

i

t 0

(7)

j 1

3

3

j 1

j 1

 i0 ( x1 , x2 ,x3 ), ( x1 , x2 ,x3 )  R 3 ; Qx0i  [ 2j0 ]x i  2  j0 j0 xi .

(8)

From system (5) it is visible that into system (1) on the right and at the left have
entered functions:  1 Qx ,i  1,3, without breaking equivalence of system (1) and (5),
2 i
(6). The received systems (5), (6) contain unknown personsi , i ,( i  1,3 ) and pressure
P. Here i0 ,( i  1,3 ) - known functions because are known  j 0 , j0 xi .
Let's consider how the equation concerning pressure under condition of (2) is generated.
For this purpose, in works [2, 3] the method which gives desision of system Navier-Stokes
in for the first time has been offered G2 (T ) . The developed method of the decision
of systems (5) and (6), is connected with functionsi ,( i  1,3 ) , i.e.
А1) rot  0,  ( 1 , 2 , 3 ) ; rot  0,   ( 1 ,2 ,3 ) ,
or
А2) i ,( i  1,3 ) - any functions if, accordingly, as necessary conditions, take place:
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А1,0) rot  0,  ( 1 , 2 , 3 ),
0

0

0

0

0

А2,0)  - any functions.
0

Remarks:
1) In a case 0 

  1 the current is considered with very small viscosity. When

the current is considered with very small viscosity i.e. when Reynolds's number is very
great ( Re   ) [4,6,9] there is an border layer in which viscosity influence
is concentrated. In many works in this area of the decision of the equations NavierStokes received by the numerical analysis, also confirm these conclusions.
But in research of turbulence resolution of numerical methods never reaches full sense [7,
8]. Therefore the qualitative-analytical methods giving the decisions of a problem
of Navier-Stokes with a friction, allow to reach fuller understanding of physics of turbulence
[4, 6]. In this connection in §1 and §2.2 the nonstationary problem of Navier-Stokes with
viscosity is deciding.
2) In a case 0 

  0  const   the current is considered with average

size of viscosity. At very slow currents, or in currents of is strong-viscous liquids of force
of a friction much more, than forces of inertia. Therefore in many works [4]
in the equations

of

Navier-Stokes

in

this

connection

completely

convective

the acceleration doing the equations nonlinear, everywhere are supposed identically
equally to zero. Then instead of the equation of Navier-Stokes it is deduced linear
differential the equations, i.e. it turns out the equations crawling movements where
decisions are biharmonic functions. And in a case when convective acceleration is not
equal to zero problems connected with methods of integration of the equations
of Navier-Stokes in their general view are arisen.
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9.2.
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Members with a condition (А1)

In this paragraph in the subsequent points, at the specified restrictions on the entrance data,
the strict substantiation of compatibility of systems (5), (6) will be given.
Research with a condition
(А1) Let functions i0 ,( i  1,3 )

satisfy to a condition (А1,0). Then relatively

i ,( i  1,3 ) we suppose a condition (А1):
rot  0 ; rot  0,   ( 1 ,2 ,3 ) ,

(2.1)

Therefore it is possible to demand, that

i   xi , i  1,3 ,

(2.2)

where  - new unknown function. Hence, from system (5) and (6), accordingly we will
receive following systems

1
1
it   xi  Qxi  fi  Pxi  i ,( i  1,3 ),
2


(2.3)

3
1
 xi   (  j ix j  Qxi ),( i  1,3 ). ,
2
j 1

(2.4)

The theorem
Let conditions (2), (3), (2.1) are satisfied. Then systems (2.3) and (2.4) it is equivalent
will be transformed to a kind
3
1
1

 J   F0 , J  P  Q   , F0   f ixi ,( divf  0 ),

2
i 1

  f    J ,
i
i
xi
 it
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3

0
0
    ,     ixi ( x1 ,x2 ,x3 ,t ),

i 1
(2.5)

1
1
1
ds
ds
ds
2
2
2
1
2
3
 P   Q  
F0 ( s1 ,s2 ,s3 ,t )
,r  ( x1  s1 )  ( x2  s2 )  ( x3  s3 ) .
 
2
4 R3
r

Hence, the problem (1) - (3) has the unique decision in

G2 (T ) which satisfies to a con-

dition (2).
The proof
From system (2.3) it is visible, if the 1-equation (2.3, i=1) it is differentiated on x1, 2
on x2, 3 on x3, and it is summarised, we will receive the equation of Puasson [5]

 J   F0 , J 
3

where:


i 1

3
1
1
P  Q   , F0   fixi ,

2
i 1

(2.6)

3

2
( i )   
( div )  0 .
xi
xi2
i 1

At that it is proved

J

J xi 

1
4


R

3

1
4

 F ( s ,s
0

1

2

,s3 ;t )

R3

ds1 ds2 ds3 ,
r

F0 ( x1   1 , x2   2 ,x3   3 ;t )d 1 d 2 d 3
i

(  12   2 2   32 )3

(2.7)

 J i ;si  xi   i ,i  1,3. (2.8)

From here it is visible that (2.8) it is possible to differentiate on хi, and integrals from
derivatives will converge in regular intervals.
The above-stated algorithm when differentiating the equations of system (2.3)
accordingly on хi and then putting we will receive the equation of Puasson (2.6) for
brevity we name «algorithm puassonization systems».
In work of Sobolev [5] it is specified that function (2.7) satisfies to the equation (2.6)
and is called Newtons’ potential.
Therefore, if J - the decision of the equation (2.6), then substituting:

J xi 

1
1
Pxi  Qxi   õi ,

2

(2.9)
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in (2.3), we have:

it  f i  i  J xi ,i  1,3,

(2.10)

i.e. system (2.3) it is equivalent by (2.10) will be transformed to a kind linear the nonuniform equation of heat conductivity. Linearization systems (2.3) follow taking into
account those mathematical transformations which it is used in the given paragraph with
preservation of all convective members with a condition (2.1). The equations (2.6),
(2.10) is there are first and second equations of system (2.5).
The system (2.10) dares as of Sobolev method [5], and entering new variables:

si  xi
2 t
i 


si  xi

  i or

2 ( t  s )

  i , from (2.10), we will receive
t

1
8( t )3

 exp( 

R3

r2
r2
)i0 ( s1 ,s2 ,s3 )ds1ds2 ds3    exp( 
)
4 t
4 ( t  s )
0 R3

1
1
[fi ( s1 ,s2 ,s3 ,s )  J i ( s1 ,s2 ,s3 ,s )]ds1ds2 ds3ds 
8( ( t  s ))3
3

i0 ( x1  2 1 t ,x2  2 2 t ,x3  2 3 t )d 1d 2 d 3 

1

3

 exp( ( 

2
1

  22   32 )) 

R3

t

(2.11)

2
2
2
  exp( (  1   2   3 )) 
0 R3

 fi ( x1  2 1  ( t  s ),x2  2 2  ( t  s ),x3  2 3 ( t  s );s )  J i ( x1  2 1 ( t  s ),x2 
2 2  ( t  s ),x3  2 3 ( t  s );s ) d 1d 2 d 3 ds  H i ,i  1,3.

All

H i - is known functions and ix j ,(i  1,3, j  1,3) are defined from system (2.11):

ix j 

1



3

 exp( ( 

2
1

  22   32 ))i0 x j ( x1  2 1  t ,x2  2 2  t ,x3  2 3  t ) 

R3

d 1d 2 d 3 

t

1



3

  exp( ( 
0 R

3

2
1

  22   32 ))  fix j ( x1  2 1  ( t  s ),x2  2 2  ( t  s ),


x3  2 3  ( t  s );s )  J ix j ( x1  2 1 ( t  s ),x2  2 2 ( t  s ),x3  2 3 ( t  s );s ) 

(2.12)

d 1d 2 d 3 ds  H ix j ,i  1,3, j  1,3.

Then, on the basis of (2.4), (2.11) and (2.12), and their private derivatives on xi, we find
3

 xi   ( H j  H ix j  H j  H jxi )   i ( x1 , x2 ,x3 ,t ),i  1,3. ,
j 1

(2.13)
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The right party of system (2.13) also is known, as they are defined with taking into
account the function H i , (i  1,3) . From this it follows that i ,(i

 1,3) , are known

too. Hence, from system (1.13) differentiating 1 equation on x1, 2 equations on х2, 3
equations on х3, and summarising, we will receive
3

   0 , 0    ixi ,

(2.14)

i 1

and it is unequivocal solved C 2 (T ) . The decision of this equation is represented
in a kind:



ds ds ds
1
 0 ( s1 ,s2 ,s3 ,t ) 1 2 3 ,

4 R3
r

(2.15)

The equation (2.15) is the third equation of system (2.5). Therefore, from the received
results, taking into account (2.7), follows:

1
1
1
P    Q 

2
4
i.e. functions

i , ,

 F ( s ,s
0

R

3

1

2

,s3 ,t )

ds1 ds2 ds3
,
r

(2.16)

are defined from systems (2.11), (2.15), (2.16) where (2.16) is

the equation of type of Bernulli.

Limitation of functions

i in G2 (T ) .
2

Results (2.11) with a condition (а1: (2.1)) are received in G (T ) where smoothness
of functions

i in G2 (T ) , is required only on xi as the derivative of 1st order in time has

uncertaihty in t=0. At that:
T0
T0

1 3
k
f
:
sup
D
f
(
x
,x
,x
,s
)
ds


,(
i

1,3;k

0,1,2,3
);
sup
 i
 f il j ( x1 
i
1
2
3
1


t  s j 1
R3 0
R3 0


2 1  ( t  s ),x2  2 2 ( t  s ),x3  2 3 ( t  s );s ) ds   2 ;l j  x j  2 j ( t  s ),
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T0
1

2
 ( s ) f i ( x1 ,x2 ,x3 ,s ) ds ) 2   3 ; J xi  J i :
( i  1,3; j  1,3 );( sup

R3 0

T0
T0
 T0
1
2
1
k
2
sup
D
J
(
x
,x
,x
,s
)
ds


;(
sup

(
s
)
J
(
x
,x
,x
,s
)
ds
)


;
sup
i
1 2
3
4
i
1
2
3
5

 t  s  (2.17)
 R3 0
R3 0
R3 0
 3
T0


J
(
x

2


(
t

s
),x

2


(
t

s
),x

2


(
t

s
);s
)
ds


;

il
1
1
2
2
3
3
6
0 ( t )dt  q1 ,

j
 j 1
T0
1
  ( t ) dt  q0 ; i0 : sup D ki0  7 ,i  1,3;   max  i ;  0   ( 3  q0  2  2  q1 ).
1 i 7
t
R3
 0

At estimations of limitation of function

i in G2 (T ) it will be shown that kind expression

degenerates:
T


0
1 1
1 1
(  ( t ) dt )2  (  ( t ) dt ) 2  M 0   ,
t
t
0
0

(2.18)

1

that under a condition:

( t )  ( t m 1* ( t ))2 ,m  1, (2.18) is of Lorentz condition.

Really, estimating (2.11), we have:

i

C( T )

 3  , (  1   4  7  3  ),i  1,3. ,

(2.19)

Similarly, estimating private derivatives with 1st to 3rd order, inclusively, and consideri:
3

k
  C 3,0 ( T )   i C 3,0 ( T ) ; i C 3,0 ( T )   D i

i 1
0 k 3

3
 k   ,(   0,1,2,3;i  1,3 ),

i
i


i 1

C( T )

;k  0 : D0i  i ;k  0 : D ki 

 k i
,
x11 x2 2 x33

we will receive:

i

C 3 ,0

 N1 ,0  N1  const,i  1,3; N 1  60  . ,

(2.20)

2

Therefore we will prove limitation of functions it ,i  1,3 in L ( 0,T0 ) . On that purpose,
differentiating (2.11) on t for t>0, further, estimating and squared with multiplication
2

on ( t ) , and, then integrating (0,T0), i.e. estimating in sense L ( 0,T0 ) , we will
receive

146

Varia Informatica 2013

it

L2

  ( 3  q0  2  2  q1 )  0 ,i  1,3. ,

(2.21)

2

Hence , considering norm G (T ) taking into account (2.20), (2.21) and (4), we have



G2 ( T )

 3[N 1   0 ]  M * . ,

(2.22)

Uniqueness is obvious, as a method by contradiction from (2.11) uniqueness of the decision
follows

( 1 , 2 ,3 )  G2 ( T ) . Then taking into account (2.11), (2.15), (2.16) and the

system (2.5) has the unique decision. Hence, the problem (1) - (3) has the unique decision
2

in G ( T ) .
Further, considering private derivatives of 1st order

 xi 


{ H i },i  1,3,
xi

(2.23)

and summarising (2.23) with taking into account (2), we have
0

1

3

t

  exp[  ( 

2
1

  22   32 )]{  F0 [x1  2 1 ( t  s ),x2  2 2 ( t  s ), x3  2 3 ( t  s );s ] 

0 R3

  J [x1  2 1 ( t  s ),x2  2 2 ( t  s ), x3  2 3 ( t  s );s ] }d 1 d 2 d 3 ds  0,

as:

 J   F0 . Means, the system (1.11) satisfies to the equation (2). The theorem is

proved.
A limiting case of very small viscosity.
It is known that limit transition to very small viscosity should be executed not
in the equations of Navier-Stokes, but in the decision of these equations by approach of
factor of viscosity to zero [4]. The limiting case which we will consider in this paragraph
concerns results of the theorem 1.1. Then the decision of system (1) is representing
in the form of (2.11) with conditions (2), (3), (2.8).
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For incompressible currents without a friction [4]:
Stokes become simpler, as there are no members:

 0

the equations of Navier-

i . Therefore the problem (1) - (3) is

led to a kind

1 3
1
it  (   j2 )xi  fi  Pxi ,i  1,3,
2 j 1


(2.24)

i ( x1 ,x2 ,x3 ,t ) |t 0  0i ( x1 ,x2 ,x3 ),i  1,3,

(2.25)

div  0,  ( 1 ,2 ,3 ); rot  0.

(2.26)

The system (2.24) with conditions (2.25), (2.26), has the strict decision [4] preservation
of all convective members at performance of a condition of Stokes.
Really, for incompressible currents without a friction, the vector of speed is represented
as a gradient of potential  and this potential satisfies to the equation of Laplas. Therefore
for potential currents the member in the equation (1), depending on viscosity, identically
3,1
disappears. At that the system (2.24) has the smooth unique decision [2] in C ( T ) :
3

k
  C 3 ,1 ( T )   i C 3 ,1 ( T )  N0 ; i C 3 ,1 ( T )   D i C( T )  it C( T ) ,
i 1
0  k 3


k
3
 i
 k  0 : D0   ;k  0 : D k 
;
k

i ,( i  0,1,2,3;i  1,3 ),

i
i
i

x11 x2 2 x33
i 1


(2.27)

and is harmonious functions.
The specified method §1 can be used in particular and for the decision
of a problem (2.24) - (2.26) as a test example.
Really, on a basis «algorithm puassonization systems» from system (2.24),
follows

 J   F0 , J 
and

3
1
1
P  Q, F0   f ixi ,

2
i 1

(2.28)
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1
ds1ds2 ds3

,
 J  4  F0 ( s1 ,s2 ,s3 ;t )
r
R3


 J  1  F0 ( x1   1 ,x2   2 ,x3   3 ;t )d 1d 2d 3  J ,i  1,3.
i
 xi 4 R3 i
(  12   2 2   32 )3

As J - the decision of the equation (2.28), with the account: J x 
i

(2.29)

1
1
Pxi  Qxi from

2

(2.24) we will receive

it  fi  J xi ,i  1,3.

(2.30)

From system (2.30) on the basis of (2.25), follows
t

i  i0 ( x1 , x2 , x3 )   ( fi ( x1 , x2 , x3 , )  J xi ( x1 , x2 , x3 , ))d ,i  1,3 . (2.31)
0

Hence, considering: J  1 P  1 Q, from (2.29), we have:



2

1
1
1
P  Q

2
4

 F ( s ,s
0

R3

1

2

,s3 ,t )

ds1 ds2 ds3
,
r

(2.32)

(2.32) there is an equation of type Bernulli similar with (2.15).
From the received results follows that the system (2.31) satisfies to a condition
(2.26), and it means that the found decisions i ,i  1,3 satisties to the equation
of Laplas, i.e. are harmonious functions. As it has been prooved.
2

To estimate affinity of decisions (2.11), (2.31) in sense G ( T ) , when   0 ,
conditions are required is:
1.

i0  C 3 ( R 3 ) : D k ( i0  i0 )   1  ; D k [i0 ( x1  2 1  t ,x2  2 2  t ,x3  2 3 t ) 

i0 ( x1 ,x2 ,x3 ) ]   1  (  1   2   3 ),( x1 ,x2 ,x3 )  R 3 ,i  1,3;
T0

2.

( x1 ,x2 ,x3 ,t )  T ; fi , fi ,J i ,J i :  { D k [fi ( x1 ,x2 ,x3 , )  f i ( x1 ,x2 ,x3 , )]  D k [ J i ( x1 ,x2 ,x3 , ) 
0

(2.33)
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 J i ( x1 ,x2 , x3 , ) ] }d   2 2  ,( x1 ,x2 ,x3 , )  T ;

T0

1



3

  exp( ( 

2
1

+ 22 + 32 )){ D k [f i ( x1 

0 R3

2 1 ( t  s ),x2  2 2 ( t  s ),x3  2 3  ( t  s );s )  fi ( x1 , x2 ,x3 ;s ) ] }d 1d 2 d 3 ds 
T0

1

  3  ,i  1,3;(  ( s ){ D k [f i  f i ]  D k [J i  J i ] }2 ds ) 2   4 3  ;
0

1

3

T0

  exp( ( 
0 R

2
1

+ 22 + 32 )) 

3


 f i ( x1  2 1 ( t  s ),x2  2 2  ( t  s ), x3  2 3 ( t  s ); s ) d 1d 2 d 3 ds   5  ,
t
T0

1



3

  exp( ( 

2
1

+ 22 + 32 )){ D k [J i ( x1  2 1 ( t  s ),x2  2 2 ( t  s ),x3 

0 R3

2 3 ( t  s ); s )  J i ( x1 ,x2 ,x3 ;s ) ] }d 1d 2 d 3ds   6  ,i  1,3;
T0

1



3

  exp( ( 

2
1

+ 22 + 32 ))

0 R3

(2.34)


J i ( x1  2 1 ( t  s ),x2  2 2 ( t  s ),x3 
t

2 3 ( t  s ); s ) d 1d 2 d 3ds   7  ,0   i  const , i    ,i  1,3.

The theorem
If conditions of the theorem 9.2 and (2.17), (2.33), (2.34) are satisfied, an admissible
error between decisions of system (2.11), (2.31) in G2 ( T ), when    , will be an
order  (  ).
The proof.
2

To prove to affinity of decisions (2.11) and (2.31) in G ( T ) , at first we will prove

C 3,0 ( T ) . At that obviously that estimations relatively

to affinity of decisions

i  i

C 3 ,0 ( T )

will be an order (  ) .

Really estimating (2.11), (2.31), we have

i  i 

1



3

 exp( (
R

3

2
1

  22   32 ))[ i0 ( x1  2 1 t ,x2  2 2 t ,x3  2 3 t ) 
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t

1

i0 ( x1 ,x2 ,x3 )  i0 ( x1 ,x2 ,x3 )  i0 ( x1 ,x2 ,x3 ) ]d 1d 2 d 3 



3

  exp( ( 
0 R

2
1

  22   32 )) 

3

[ fi ( x1  2 1 ( t  s ),x2  2 2  ( t  s ),x3  2 3  ( t  s ); s )  f i ( x1 ,x2 ,x3 ; s ) 
 fi ( x1 ,x2 ,x3 ;s )  fi ( x1 ,x2 ,x3 ; s )  J i ( x1  2 1  ( t  s ),x2  2 2 ( t  s ),x3 
2 3  ( t  s );s )  J i ( x1 ,x2 ,x3 ;s )  J i ( x1 ,x2 ,x3 ; s )  J i ( x1 ,x2 ,x3 ; s ) ]d 1d 2 d 3 ds  C0  ,i  1,3,

here: C 3,1 (T )  i ,i  1,3 are defined out of the system (2.31):
t

i  i0 ( x1 ,x2 , x3 )   ( fi ( x1 , x2 ,x3 , )  J i ( x1 ,x2 ,x3 , ))d 
0

i0 ( x1 ,x2 ,x3 )d1d 2 d 3 

3

 exp( ( 

2
1

  22   32 )) 

R3

t

1



1

3

  exp( (

2
1

  22   32 ))  fi ( x1 ,x2 ,x3 ,s )  Ji ( x1 ,x2 ,x3 ,s ) 

3

0R

d1d 2 d 3ds  Hi ,( J xi  Ji ),( i  1,3 ).

Hence, we will receive

i  i

C( T )

 C0  ,i  1,3.

(2.35)

Similarly, we will receive also estimations concerning expressions where private derivative
functions i and i to the third order, inclusive, contain i

i  i

C 3 ,0 ( T )

Further, to estimate  i   i

it  it

L2 ( T )

i i.e.

 C1  ,0  C1  const ,i  1,3,   .

D 2 ( T )

(2.36)

,i  1,3, it is necessary to receive estimations

,i  1,3 . For this purpose, considering a derivative (2.11) on t for t>0 and

it  f i ( x1 , x2 ,x3 ,t )  J i ( x1 , x2 , x3 ,t ),

(2.37)

2

and estimating in L ( 0,T0 ) , we have:
T0

it  it

L2 ( T

2

R3

1 1
  ( sup   ( t ) {
t 3
R3 0
T0

  ( sup   ( t ){
0

1

0

T0

R3

2

 ( sup   ( t )[ f i ( x1 ,x2 ,x3 ,t )  fi ( x1 ,x2 ,x3 ,t )  J i ( x1 ,x2 ,x3 ,t )  J i ( x1 ,x2 ,x3 ,t ) ]dt ) 2 
)

1

3

1

3

 exp( ( 

2
1

  22   32 ))  j i0l j ( l1 ,l2 ,l3 ) d 1d 2 d 3 )}2 dt ) 2 
j 1

R3

T0

  exp( (
0 R3

2
1

  22   32 ))

1
t s

3



j

( fil j ( l1 ,l2 ,l3 ,s )  J il j ( l1 ,l2 ,l3 ,s ) ) 

j 1

1

d 1d 2 d 3 ds )}2 dt ) 2  C2  ,0  C2  const.

(2.38)
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Then taking into account (2.36), (2.38), we have:

i  i

D 2 ( T )

 ( C1  C2 )   C3  ,i  1,3.

(2.39)

2

Therefore estimating in sense of norm G ( T ) , we will receive:

 

G2 ( T )

 3C3  ;  ( 1 ,2 ,3 ),  ( 1 ,2 ,3 ).

(2.40)

From here it is visible that if    the admissible error of an estimation will be
an order  (  ) in G2 ( T ) . As it has been prooved.

9.3.

THE

DECISION OF A PROBLEM OF

NAVIER-STOKES WITH

A CONDITION

(А2)
Here we investigate a case (А2) when

i , (i  1, 3) containing convective members

of a problem of Navier-Stokes. The results §1 are not applicable. Therefore, for
the decision of a problem (1)-(3) we offer following algorithms.
Solution of a problem Navier- Stokes with average viscosity: 0   

0 .

Let conditions (2), (3) are satisfied and:
3
3

0
i ( x1 ,x2 ,x3 ,0 )  i0 ( x1 ,x2 ,x3 )  Vi (  ),( i  1,3 ),    i xi ,( R   i  const ),   i  0,
i 1
i 1

2


3
);Vi (  ,0 )  Vi 0 (  ),( k   12   22   32 ,i  1,3 ),
i ( x1 ,x2 ,x3 ,t )  Vi (  ,t )  (  kt ) exp( 
4k

t

 P ( n ) (  ,t )
 0,( n  0,1 ); divv  0,( divv0  0,v  ( 1 ,2 ,3 ),v0  ( 10 ,20 ,30 )) :
 
 


152

Varia Informatica 2013

 3
2
2 3
3
3
  i (  kt ) exp(  4k  t )  (  kt ) exp(  4k t )  i  0,
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 i 1
2
3
 3
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2
3 2
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kt
)
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(

)
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)
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(

)  0;
 i

j
4k t
4k  t
4k 2  2t 2
4k t
i 1
 i 1
3
3
3
 3
0
  iVi (  ,t )  0,(   iVi  0,   iVi 2 (  ,t )  0,   iVi 3 (  ,t )  0 );
 i 1
i 1
i 1
i 1

2
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,x
,t
)


P
(

,t
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(
x
,x
,x
,t
)

V
(

,t
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(
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)
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(

)
 xi 1 2 3
i 
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1 2
3
it
4k t 2
4k t

 3
2
2
2
 kt exp( 
);ix j ( x1 ,x2 ,x3 ,t )   jVi (  ,t )  (  kt )3  j
exp( 
);

4k t
4k t
4k t
 2

2
2
).
ix 2 ( x1 ,x2 ,x3 ,t )   2j Vi 2 (  ,t )  (  kt )3  2j 2 2 2 exp( 
4k  t
4k t
 j

(3.1)

(3.2)

Then on the basis of functions Vi (  ,t ),( i  1,3 ) , system (1) it is equivalent will be
transformed to a kind:

3
2
2
2
(  k )3 t  exp( 
)  Z(  ,t )[Vi (  ,t )  (  kt )3
exp( 
)] 
 LVi  Vit (  ,t ) 
2
4k t
4k  t
4k t


1
 fi (  ,t )   i P (  ,t )  k Vi 2 ,( i  1,3 ),


3
3

0
 Z(  ,t )    iVi (  ,t );Z(  ,0 )  Z 0 (  )    iVi (  ),Z  0.
i 1
i 1


(3.3)

In the specified systems unknown persons contain Vi ,Z i ,( i  1,3 ),P .
The remark
Under regular in

D  {( , t ) :   R,0  t  T0 } the decision we understand

the decision Vi ( , t ),(i  1,3) the equation (1) in D , which has a continuous derivative
on

 to the third order inclusive and continuous derivative on t.
From system (3.3), considering conditions (3.2), divf  0 and having entered

«algorithm puassonization systems», i.e. differentiating the equations of system (3.3)
accordingly on

 and, then summarising, we have the equation:
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1
1 3
P 2  F0 (  ,t ), (   i f i (  ,t )  F0 (  ,t )),

k i 1
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(3.4)

therefore, we will receive

1
 P   (    )F0 (  ,t )d ,





3
3
3
 1 P   F (  ,t )d ;0   1 P   
F
(

,t
)d

,(
 i  0 ).



i
i 
0
 0
 
 
i 1
i 1
i 1



(3.5)

Really
3

3





   ( LV )(  ,t )    [
i

i

i 1

f (  ,t ) 

i i

i 1

1 2
 i P (  ,t )  k  iVi 2 ],( i  1,3 ),
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3
 3
3
2
2
(  k )3 t
exp( 
)  Z(  ,t )  i (Vi 2 (  ,t )  (  kt )3 
 (  iVi (  ,t ))t   i
2
4k t
4k t
i 1
 i 1

2
2
3
3


1
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(

))


f
(

,t
)

kP
(

,t
)

k

 iVi 3 ,( i  1,3 );Z  (  ,t )  0.
2


i i
 4k 2  2t 2
4k  t
 
i 1
 1

Then we have the following (3.4).
The theorem
If functions Vi ,Zi ,i  1,3 are system decisions


3
2
2
2
Vit (  ,t ) 
(  k )3 t  exp( 
)  Z(  ,t )(Vi (  ,t )  (  kt )3
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2
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t
3

Z(
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)

Z
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 i i ),

0
0  (  ,s )ds  (  ,t ),(   0,   
i 1
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3
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 (  ,t )(  (  kt )3
exp( 
)) 
(  k )3 t  exp( 
)  F(  ,t ),
4k  t
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i
i
i
0
 i
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that:

(3.6)
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1



2
0
 exp(  )Vi (   2  t )dt 
R

t

exp( 
 
0 R

2

)

1



t

 exp( 

2

) i (   2  ( t  s );s )d ds 

0 R


(   2  s;t  s )Vi (   2  s ;t  s )d ds  DV
i i ,( i  1,3;  k  ).
s

(3.7)

The proof.
Really, from system (2.3) we will receive
3

Z
(

,t
)

 i i (  ,t )   (  ,t );Z(  ,0 )  Z0 (  ),

 t

i 1

3
3
3
(2.2) :  V 2  0,  V  0,  V  Z (  ,t ),



i i
i i
i it
t

i 1
i 1
i 1

(3.8)

or we will receive
t

Z(  ,t )  Z 0 (  )    (  ,s )ds   (  ,t ).

(3.9)

0

Further, considering the equations of system (3.3) and (3.9) from system (3.3) we will
receive (3.7) as it has been proved.
Let takes place (3.2) and

0
(  ,t )  D,  i ,i ,Vi :

T0

 1
sup   exp(  2 ) 

  [0 ,T0 ] 0 R

( i  1,3;k0  0,1,2,3 ), 


T

0
1
sup   exp(  2 )  i(kk ) (   2  ( t  s );s ) d ds  1 ,
 [0 ,T0 ] 0 R

1 (k)
 k (   2  s ;t  s ) d ds   2 ; sup Vi 0( k )   3 ,
R
s 
1
1
 max i ,(   k  ,0    0 ),d   2
 1,( 0   22 ).
1 i  3
k


(3.10)

Then Vi  C( D ) : Vi (  ,t ) C  ( 1  d )1 2   M 0 ,i  1,3.
Therefore the solution of this system we can find on the basis of Pikard’s method

Vi,n 1  DV
i i,n ,n  0,1,...,( i  1,3 ),
where: Vi,0 ,i  1,3 - initial estimates,

(3.11)
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(  ,t )  D,Vi : Vi  Vi ,0  r  const; Vi  Vi ,n 1  d n 1 Vi  Vi ,0  d n 1r,
(3.12)

d 1
0
0

V

H
,

(

,t
)

T
,(
i

1,3
),H

C(
D
).
Vi ,n 
i
i
i
n 
The theorem
Under conditions (2), (3), (3.2), (3.8), (3.10) problem Navier-Stokes has the unique
decision in C( D ).
Definition
The generalised decision a problems (1)-(3), (3.2) in area D we name any continuous

D equation decision (3.7), when 0    0 .
We will consider a stream with very small viscosity: 0 
If

conditions

(2),

(3),

(3.1)

and

(3.2)

are

  1.

satisfied,

that

on

the

basis

of functions Vi ( , t ),(i  1,3) , system (1) it is equivalent will be transformed to a kind
(3.3).
In the specified systems unknown persons contain Vi ,( i  1,3 ),P .
2

Let (V1(  ,t ),V2 (  ,t ),V3 (  ,t ))  G ( D ), thus takes place:
 P( n ) (  ,t )    0,( n  0,1); divv  0,( v  ( 1 ,2 ,3 ));i (  ,t )    0,(Vi (  ,t )    0 ), (2.13)


3
3
 3
 3
 iVi (  ,t )d    i (Vi (  ,t )  Vi 0 (  ,t ))    iVi (  ,t ),(  ,t )  D.
  iVi (  ,t )  0 : 0  



i 1
i 1
i 1
 i1


(3.13)

Then, considering unknown function Vi ,( i  1,3 ) :
Vit (  ,t ) 

3
2
1
(  k )3 t  exp( 
)  f i (  ,t )   i P (  ,t )  k Vi 2 (  ,t ),( i  1,3 ).
2
4k t


(3.14)
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i it

i 1
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3
3 3
2
2
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 i (  k )3 t
exp( 
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4k  t

i 1
i 1
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1
1 3
P 2 (  ,t )  F0 ,( F0    i fi (  ,t )).

k i 1

(3.15)

Hence, we will receive
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The theorem
Let functions Vi ,i  1,3 are system decisions

Vit (  ,t )  i (  ,t )  k Vi 2 ,( i  1,3 ).

(3.17)
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The theorem
If functions Vi ,P,i  1,3 are system decisions (3.15), (3.17),
2

(3.10) that (3.1) is the decision of system (1) in G ( D ) :

i  H i (  ,t )  (  kt )3 exp( 

2
),( i  1,3 ).
4k t

(3.20)
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The remark
For example:

2
3
)   (  ,t ),(   x1  x2  2x3 ;  1   2  1, 3  2,
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 3
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t

1
1
V 
exp(   2 )V 0 (   2  t )d 
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 R
 0R


The conclusion
From the received results follows that system Navier-Stokes (1) in the conditions of (2),
(3), (А1), (А2) can have the analytical unique is conditional-smooth decision. At least,
such decision answers to a mathematical question, and possibility to construct
the decision of a problem of Navier-Stokes (1)-(3) for an incompressible liquid with
viscosity.
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10
SDN: Researching Future Data Networks

Though it is always risky to predict the future, a lot of accumulated problems in data
networks indicate possible significant transformation of networking in the near future.
As an example: the wide use of virtualization technologies already have set new
requirements for network infrastructure. These requirements for the time being are
satisfied by traditional infrastructure and components: switches and routers. But
consideration of data flows between virtual nodes of the same hypervisor shows, that
flows go “deep underground”, inside the hypervisor OS, out of the network equipment.
Thus all traffic control methods: “proven by time” security filters, QoS policies are
bypassed while configured in external network infrastructure and should be at least
partially implemented in software, e.g. within hypervisor host.
Significant changes to expect in data networks include development of network
architectures with much more tight control from application layer in order to satisfy
network services requirements. Some vendors have already proposed approaches
like SONA (Service Oriented Network Architecture, CISCO) [1], but putting accent
on equipment intelligence: i.e. equipment discovers or is directly configured to support
application demands. On the contrary, it is reasonable to expect application-controlled
networks in the future, so-called “Software-defined networks” (SDN). By now, most
vendors still have proof-of-concept implementations. CISCO announced in June 2012
Open Network Environment approach with phased support on IOS, IOS-XR, and NXOS operating systems. Recently, NEC announced ProgrammableFlow – seems to be
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the first production-grade commercial implementation of SDN with a controller,
hardware and software/virtual switches [8].
SDN set up new challenges in design and implementation of network hardware,
network software controllers and network management protocols – interfaces between
network hardware and control systems. It may happen, that knowledge of today’s
network architecture design principles and configuration techniques will require
substantial revision, which would become a new challenge to the education in the field
of data networks.
This paper describes some important tendencies in data networks not to be
missed in related university courses and graduate work topics. Also it presents
considerations on organizing research in the field of future networks infrastructure.

10.1. PARADIGM SHIFT IN NETWORKING
Decades of data networks development made network devices separately configured
“black boxes”. Each vendor supply it’s devices with management solutions to control
equipment through various interfaces and protocols: CLI through TELNET/SSH,
HTTP(S), SNMP, CMIP, NETCONF. Although SNMP, CMIP support centralized
management, they were not designed to control devices in real-time and on packetlevel. Typical management implementation with these protocols is to configure devices
one time per many power-cycles. This leads to statically-configured network
infrastructure, with preconfigured by netadmin adaptation to various network events,
traffic types, etc. Nowadays network configuration complexity reaches critical level.
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Fig. 1. Ordinary network configured by network administrator
Source: own elaboration

10.2. COMPLEXITY OF MODERN NETWORK DEVICES CONFIGURATION
Configuration of modern switch or router is much more complex, then decades ago.
Along with ordinary IP settings, there are policy routing, fail-over and fault-tolerance
settings, SLA checks and scripts, QoS, STP, VLAN, ACL, IPS and more. Very often
there are inconsistence among them, for example between fault-tolerance and ACLs.
It is important to emphasize, that flow of user data spans several devices with
individual configurations. Depending on status of each device (malfunction, overload,
routing protocol converging, normal state) there are many, possibly unexpected by
network designer, scenarios of data forwarding. Straight-forward solution for this
problem is to move all complexity to central location – network controller, leaving
to network devices only forwarding tables and API to control them from controller. One
of such API – OpenFlow was proposed in Stanford University [2] in 2008.
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Fig. 2. OpenFlow-capable network and controller
Source: own elaboration

10.3. NETWORK VIRTUALIZATION
As mentioned in the beginning, virtualization in general and popularity of data centers
in particular, take away data flows from network devices to hypervisor’s OS. This
leads to software bridges/switches appearance and the task to improve their
performance in virtualization scenario. To list a few: open-sourced Open vSwitch
developed by Nicira Inc. [3] – now a part of Linux kernel; the standard Linux Ethernet
Bridge. OpenFlow is a possible central-control solution for them.

10.4. OPENFLOW AND SOFTWARE-DEFINED NETWORK
Essentially OpenFlow is based on self-titled protocol defined in specifications [4, 5, 7].
There were substantial changes from v.1.0 to v.1.1 and v.1.3. Most vendors
implemented v.1.0 in firmware, v.1.3 will take some years, and in v.1.1 still there is no
IPv6 support. Version 1.3.1 is released by ONF [7]. In (v.1.1) specification, data flow
is defined as 15-tuple: F{Ingress_port, Metadata, Ether_src, Ether_dst, Ether_type,
VLAN_id, VLAN_prio, MPLS_label, MPLS_class, IPv4_src, IPv4_dst, IPv4_proto,
IPv4_ToS, Port_src, Port_dst}. Data flows are registered by the controller and injected
into the network device flow table, where, along with a tuple F, for each flow entry
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there are packets/bytes counters and a set of instructions. Data flow entries can be
removed by controller or through time-outs on a switch, locally.
In general, OpenFlow network device works with multiple flow tables in a pipeline
mode, comparing the incoming packet with the records of each table and performing
the appropriate instructions in case of packet match (see flowchart at the Figure 3).

Fig. 3. Flowchart detailing packet flow through an OpenFlow switch
Source: [7]

OpenFlow only defines API to control network device. Typically controller [6]
implements control granularity at a flow level, as a compromise between scalability
and feasibility (it’s not feasible to track each packet even in a small network).
The functionality of network devices, and network as a whole, is fully specified by
the controller. Standard switch functionality and more complex security features are
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responsibility of software controller. Most of available controllers have an API that
makes network software-aware. While there is still no single standard on this API,
open standards development in this field unites several companies into Open
Networking Foundation (ONF) [7] user-driven organization. The SDN architecture
according ONF comprises 3 layers: forwarding (infrastructure), control and application
(Figure 4).

Fig. 4. Software-Defined Network Architecture
Source: [7]

Initial motivation for OpenFlow design in Stanford [2] was to provide researchers with
access to campus networks for conducting experiments on real traffic in “production
environment”. Indeed, network vendors usually supply “black boxes”, protecting their
know-how and proprietary technologies. OpenFlow support, occurring in the form
of special (only for researchers) firmware upgrade form equipment vendors, allows to
experiment with campus “production” network, while keeping vendor trade secrets
safe.
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Summarizing numerous problems of modern networks, it seems SDN solution will
lead to large-scale revision or even “paradigm shift” in networking in the near future.
This will affect education as well, because of new competences required.
Nevertheless, text-books for computer networks related courses still have not any
mention of SDN, OpenFlow, distributed virtual software switches, etc. [9]

10.5. IMPORTANT CHANGES IN NETWORKING AND TOPICS TO STUDY
Each important change of networking with introduction of SDN requires new topic
to be considered in lectures, labs and thesis researches:
1) There is a lot of new software required for control plane (see the Figure 4) and for
application plane: network applications should be rewritten to be SDN-capable.
2) SDN-controller software also can be a research topic.
3) Most of network equipment cannot be used in SDN, because control API is absent.
Some vendor already released or promised to release OpenFlow agents (mainly
v.1.0) as a firmware upgrade for the few latest models. There is a vast field for
research topics in SDN-network hardware design (e.g. OpenFlow switch and h/w
acceleration designs).
4) While controller software typically has user interface (HTTP or configuration files)
to setup rules for a network, of course, future SDN-capable network will be defined
from requirement descriptions (RD). Otherwise the complexity problem, outlined
above, and induced bugs would migrate to controller configuration. RDs,
corresponding RD language and compiler are inexhaustible subjects of research
and development.

10.6. ORGANIZING RESEARCH ENVIRONMENT
As mentioned earlier, the very OpenFlow approach was an effort to organize research
environment for students and researchers. Nevertheless, to study network equipment
related topics, the hardware is required. There is a lot of suitable hardware, SoC
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boards, but we choose NetFPGA project from Stanford University mainly because of
great community of students and researchers [11]. The board is made on Xilinx VirtexII Pro 50 FPGA, has four Broadcom PHY ports. It is a standard PCI card, but can be
used in a PCI-X slot. For OpenFlow studies we used Naous switch [12] with the
structure shoved in the Figure 5.

Fig. 5. Naous OpenFlow Switch structure
Source: [12]

We deployed NetFPGA computer in our production faculty network in such a way,
to intercept most of the faculty traffic for our experiments with hardware-assisted
IPS/IDS. Some ports were connected to: artificial traffic generator and to hypervisior
with OpenFlow capable switch, and to wireless segment with further upgrade
to OpenWRT firmware/OS: see the network diagram at the Figure 6.
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Net-FPGA
ОpenFlow

campus
network
controller,
NMS

WSs

faculty
network

hypervisor

Fig. 6. Faculty research environment
Source: own elaboration

10.7. VIRTUAL ENVIRONMENT FOR LABS
NetFPGA environment cannot be simultaneously used by several students, because
project is programmed into single Xilinx Virtex-II Pro FPGA. Also NetFPGA is a highcost environment not because of board price, but because of associated expenses
(Xilinx

development

software,

interconnection

infrastructure,

host

computer).

NetFPGA is best suited for a few research projects. To study SDN, OpenFlow
softswitches, controllers and run corresponding network performance tests at
laboratories, we use virtual Mininet environment. Mininet system was proposed [10]
in Stanford as a lightweight mean of rapid SDN prototyping. It utilizes process-based
virtualization (OS-level virtualization) based on Linux network namespaces. Mininet
environment can be installed on any Linux distribution and specifically oriented
on creating various topologies right from command-line.
Mininet can run in text-based console without X-Window, reducing requirements
for host computer and allowing remote labs via SSH. If run with “-x” switch in XWindow, it creates separate x-term processes corresponding to each of nodes and
controller.
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Fig. 7. Creating tree topology (4 levels, 81 host, 25 sec) in Mininet
Source: own elaboration using Mininet [10]

Fig. 8. Testing switches performances using IPERF in Mininet environment
Source: own elaboration using Mininet [10]
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Mininet support control through Python API, all Mininet classes and methods are
accessible. There are two supported switches: user space reference implementation,
and the OpenvSwitch kernel implementation. At the Figure 8 is a network performance
test run on both switches in a sequence. It shows, of course, better performance
of kernel-based OpenvSwitch (command-line switch “--switch ovsk”).

10.8. CONCLUSIONS
We present here new topics to be included into lectures and research work in the field
of data networks. Also we share experience of using NetFPGA-based testbed and
virtual environment for SDN studies.
At the time of writing, we have deployed one NetFPGA and interconnected it with
monitoring port of a core faculty switch and OpenvSwitch of XEN hypervisor. This
gives data flow for traffic research and opportunity for softswitch performance tests.
We are planning to extend OpenFlow-capable segment of faculty network to our
wireless subnet, by changing firmware of all faculty access points to OpenWRT.
NetFPGA project showed flexibility in sense of adapting to student’s HDLknowledge level: there is a strong community, open-sourced projects and three main
ways how to develop projects with different levels of complexity up to complete
reprogramming FPGA using Xilinx developer tools.

10.9. ACKNOWLEDGEMENTS
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170

Varia Informatica 2013

REFERENCES
[1]

Tiso J., Designing Cisco Network Service Architectures, (2011), Cisco Press,
698p.

[2]

McKeown N., Anderson T., Balakrishnan H., Parulkar G., Peterson L., Rexford
J., Shenker S., Turner J., (2008), OpenFlow: enabling innovation in campus
networks, ACM SIGCOMM Computer Communication Review, Vol. 38, Issue 2,
pp. 69-74.

[3]

Pfaff B., Pettit J., Koponen T., Amidon K., Casado M., Shenker S., (2009),
Extending networking into the virtualization layer, Proc. of 8th ACM Workshop
on Hot Topics in Networks, NY.

[4]

OpenFlow Switch Speciﬁcation, version1.0.0,

[5]

http://www.openflowswitch.org/documents/openflow-spec-v1.0.0.pdf, 2009.

[6]

OpenFlow Switch Specification, Version 1.1.0,

[7]

http://www.openflow.org/documents/openflow-spec-v1.1.0.pdf, 2011.

[8]

Gude N., Koponen T., Pettit J., Pfaff B., Casado M., McKeown N., Shenker S.,
(2008), NOX: towards an operating system for networks, ACM SIGCOMM
Computer Communication Review, Vol. 38, Issue 3, pp. 105-110.

[9]

Open Networking Foundation, OpenFlow Switch Specification 1.3.1,
https://www.opennetworking.org/images/stories/downloads/sdn-resources/onfspecifications/openflow/openflow-spec-v1.3.1.pdf, 2012.

[10]

NEC, ProgrammableFlow Networking, http://www.necam.com/SDN, 2013.

[11]

Tanenbaum A., Wetherall D.,(2010), Computer Networks, Prentice Hall, 960p.

[12]

Lantz B., Heller B., McKeown N., (2010), A network in a laptop: rapid
prototyping for software-defined networks, Proc. of the 9th ACM SIGCOMM
Workshop on Hot Topics in Networks, Monterey, pp. 1-6.

[13]

NetFPGA support website, http://netfpga.org , 2013.

[14]

Covington A., Naous J., Erickson D., Mckeown N., (2008), Implementing an
OpenFlow Switch on the NetFPGA platform, Proc. of the 4th ACM/IEEE
Symposium on Architectures for Networking and Communications Systems,
San Jose, USA, pp. 1-9.

11
Social Web Mining and Social Network Analysis –
a Case Study of Interests Lists
of Live Journal Communities

A number of globally deployed applications for explicit social interactions, such
as Twitter, Facebook, Instagram, LinkedIn and many others emerged within
the framework of Web 2.0.
These large-scale on-line and off-line social web-sites and network systems are
very popular among internet users and play an important role today. Such systems
are really a rich source of accompanying contextual information and provide a wide
range of challenges for research related to, for example, identifying common static
topological properties and dynamic properties of these social networks, which can
enhance applications in information retrieval, recommendation systems and so on.
This a reason for IT related students today to be introduced to concepts,
techniques and tools of Social Web Mining and Social Network Analysis, which have
a great influence in the fields of computer science, information systems, organization
science and much more.

11.1. SOCIAL NETWORK AND SOCIAL NETWORK ANALYSIS
Social network
A social network is a social structure made up of a set of social actors and a complex
set of the dyadic ties between these actors [1]. An actor is the atomic unit of analysis
in a social network and may be considered both an individual and an organization.
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Social

structure

determined

by

interactions

between

individuals,

groups,

organizations, or even entire societies.
The practical importance of the study of these social structures is that it could
be applied to identify local and global patterns, locate influential entities, and examine
network dynamics. The study is realized in social network analysis.
Theoretical frameworks for social networks analysis have been imported from
social psychology, sociology, statistics, and graph theory.
Different scientific perspectives in its approach to understanding networks
and social behavior are presented in [2].
Social Web
Social interaction has been facilitated by the web for nearly the entire duration of its
existence, as indicated by the continuing success of social software, which at its core
centers around connecting individuals virtually with others whom they already have
relationships with the physical world [3]. So, the term “Social web” can be considered
as a set of social relations that link people through the WWW. It includes
how websites and software are developed in order to facilitate social interactions.
Social interactions in the framework of the social web can be visualized
in the form of social graph.
Social network analysis
Methodical analysis of social networks is carried out with techniques of the social
network analysis (SNA) which views social relationships in terms of nodes and ties.
Nodes represent individual actors within the network and ties represent relationships
between the individuals (friendship, for example). This analysis produces two forms
of output, one visual and the other mathematical. The networks structure describing
such relations is often visualized in the form of diagram, where nodes are represented
as points and ties are represented as lines. Example of such a diagram is presented in
the Figure 1.
In larger networks, key nodes are more difficult to identify; therefore, the analysis
turns to the quantitative output of SNA.
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Fig. 1. Graph visualization in C-IKNOW Visualizer
Source: [4]

There is a wide range of the fields of application for SNA, including [5]:


Communities discovery and analysis in large scale online and offline social
networks;



Personalization for search and for social interaction;



Recommendations

for

product

purchase,

information

acquisition

and establishment of social relations;


Misbehavior detection in communities;



Pattern presentation for end-users and experts;



Evolution of patterns in the Web;



Evolution of communities in the Web;



Dynamics and evolution patterns of social networks, trend prediction;



Contextual social network analysis;
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Temporal analysis on social networks topologies;



Search algorithms on social networks;



Multi-agent based social network modeling and analysis;



Anomaly detection in social network evolution;



Role identification and relation analysis in social network.

Social network analysis software
To facilitate quantitative or qualitative analysis of social networks (through numerical
or visual representation) special social network analysis software is developed. SNA
software generates network features from raw network data formatted in an edges list,
adjacency lists, or adjacency matrices, and it is often combined with some attribute
data. Network analysis software generally consists of either packages based on GUIs,
or packages built for programming languages. Visualization of social networks is
important feature which assists understanding network data and represents the result
of the analysis. Visualization often also facilitates qualitative interpretation of network
data.
Annotated list of social network analysis software is available at [6]. Apart from
special SNA software many math, statistical and data mining software packages
(like STATISTICA, Matlab, RapidMiner, etc.) might be used for solving particular
SNA problems.
Interest graph
Many popular social Web networks are organized around an individual’s friends.
But one could construct an on-line representation of the specific and varied things
in which an individual is interested. This structure in the form of interest network
is called as “interest graph”. By investigating an interest graph, one can discover
previously untapped possibilities, for example create a business that will address
specific needs of a targeted group of consumers [7]. Visualization of interest graph
is a great way to discover various relations and interactions between user groups
and interests. Interest graph takes into account explicitly declared interests
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(e.g. “Interests” in a LinkedIn profile or "Likes" on Facebook) as well as implicit interest
inferred from user activities (clicks, comments, etc.).
Interest graphs can have a wide range of applications, for example:


audience analytics,



sentiment analysis,



advertising as another form of behavioral profiling and targeting based on
interests,



input to recommendation engines for different types of media,



and etc.

The difference between conventional and network data
The major difference between conventional social science data and network data
is that conventional data focuses on actors and attributes but network data focus
on actors and relations.
Conventional data consist of a rectangular array of measurements: the rows
of the array are the cases (subjects, observations, etc). The columns consist of scores
(quantitative or qualitative) on attributes (variables, measures, etc). A simple example
is shown as Table 1. Each cell of the array then describes the score of some actor
(row) on some attribute (column).
Network data consist of a square array of measurements. The rows of the array
are the cases (subjects, observations, etc). The columns of the array are the same
set of cases (variables, measures, etc). In each cell of the array describes
a relationship between the actors.

11.2. LIVEJOURNAL

COMMUNITIES AND THEIR INTERESTS ANALYSIS WITH

RAPIDMINER TOOL
In this section an example of simple social network analysis based on data
downloaded from a popular social networking platform, namely LiveJournal,
is provided. The analysis was implemented in RapidMiner environment.
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membernum

crdate

update

recnum

commsgetnum

1

1

19
February
2010

23 February
2010

1

0

0

0

24 May
2005

16 November
2010

6

13

0

1

1

8 January
2011

1 January
1900

0

0

learning_ru

38

89

92

6 July
2009

13 January
2011

43

98

13874267

yandex_school

7

49

33

22
23 September
September
2009
2007

18

55

52948813

envirotabs

0

1

1

3 October
2012

03 October
2012

1

0

18983444

infrance

0

0

0

7 March
2009

24 August
2012

19

0

14022736

realgame

0

0

0

13
October
2007

25 November
2007

2

6

9501531

ru_mediarev

4

0

1

13
February
2006

09 March 2006 14

0

nickname

intnum

watchnum

Table 1. Fragment of LiveJournal communities table

25451617

dizain_kvartir

0

7218590

mapping_com

0

33470058

muvikiizigr

20988151

Id

Source: own elaboration

LiveJournal as an example of social network
LiveJournal (LJ) is one of the prominent examples of social networks, where Internet
users can keep a blog, journal or diary [8]. Each journal entry has its own web page,
which includes the comments left by other users. In addition, each user has a journal
page, showing all of his recent journal entries and links to the comment pages.
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The "friends list" feature of LiveJournal expresses a strong social aspect in addition
to the blog services. Each user has a "User Info" (user profile) page, containing
a variety of data including contact information, biography, pictures, list of friends, list
of interests and communities and etc.
LiveJournal comminity
A LiveJournal community is in fact a journal where many users post entries about
a similar topic. Users who are interested in a particular subject can find already
existing or create a new community for this subject. After joining an interesting
community, one can post comments or entries to the community. Comminity also have
a profile page. An example of community profile is presented in the Figure 2.
“Interests” feature
LiveJournal community is a collective blog in which different users can post
messages. Users who are interested in a particular subject can find or create
a community for this subject.
The "interests" feature is a way to display what you like on a User (Community)
Profile; one can also search for people and communities who share common interests.
RapidMiner environment
RapidMiner is an open-source system for data mining. It is available as a stand-alone
application for data analysis and as a data mining engine for the integration into own
products [10].
RapidMiner provides data mining and machine learning procedures including:
data loading and transformation, data preprocessing and visualization, modelling,
evaluation, and deployment. It can be used for wide range of tasks: text mining,
multimedia mining, feature engineering, data stream mining, and others. RapidMiner
also provides a GUI to design an analytical pipeline in the form of "operator tree".
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Fig. 2. The profile page of the “ru_travel” LiveJournal community
Source: http://ru-travel.livejournal.com/profile

Clustering LiveJournal community interests
To research LiveJournal community interests, profile pages for russian communities
were downloaded from www.livejournal.com web-site and all relevant data were
extracted. General information about gathered data collection is provided below
in the Table 2.
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Table 2. General statistics for gathered LiveJournal data collection
Total number of
communities
downloaded
122148
Source: own elaboration

Number of
communities, having
interests list

Total number of unique
interests (provided in
communities profiles)

61454

435549

To discover common groups of interests using only information about their presence
in the interest list in communities profiles the clustering with k-means procedure was
chosen [11]. Example set for clustering in the form of square table was composed
from the top 100 interests which are the most frequent in community profiles
and about 21 thousand communities having at least 2 interests presented in their
profile. The rows of example set table were the communities IDs and the columns
corresponded to the top 100 interest. So each of interests was presented as a binary
vector, where the “true” value of table element meant that the corresponding interest
was presented in community profile. The number of clusters k was set to 10.

Fig. 3. Operator tree for clustering procedure in RapidMiner
Source: own elaboration using [10]
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The operator tree for clustering procedure is presented in the Figure 3. The
results discovered automatically by clustering in RapidMiner are presented in the
Table 3.
It should be noted that the clusters were formed automatically without any
semantic analysis but on the basis of interests usage analysis in communities profiles.

Table 3. List of clusters of interests discovered in RapidMiner
Cl #

Interest title

Cl # Interest title Cl #

Interest title

Cl #

Interest title

0

архитектура

1

Отдых

3

фото

7

творчество

0

графика

1

Друзья

4

любовь

7

образование

0

искусство

1

Music

4

радость

7

мода

0

дизайн

1

Дети

4

счастье

7

видео

0

история

1

Литература 4

психология

7

аксессуары

0

art

1

Стихи

4

жизнь

7

поэзия

1

танцы

1

Развитие

5

концерты

7

журналистика

1

выставки

1

Кафе

5

музыка

7

живопись

1

гитара

1

Водка

6

Москва

7

философия

1

здоровье

1

Помощь

6

Россия

7

футбол

1

ролевые игры

1

проза

6

путешествия

8

секс

1

природа

1

песни

6

туризм

8

дружба

1

стиль

1

свобода

6

СанктПетербург

8

девушки

1

культура

1

вечеринки

6

Питер

8

красота

1

rock

1

игры

7

photo

8

женщины

1

одежда

1

развлечени 7
я

книги

9

бизнес

1

компьютеры

1

общество

7

еда

9

деньги

1

фотографии

1

море

7

фотография

9

креатив

1

фильмы

1

подарки

7

спорт

9

СМИ

1

пиво

1

студенты

7

кино

9

маркетинг
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Cl #

Interest title

Cl # Interest title Cl #

1

семья

1

обучение

1

люди

2

1

клубы

1

рок

7

Interest title

Cl #

Interest title

джаз

9

работа

знакомства 7

наука

9

экономика

2

юмор

7

город

9

реклама

2

общение

7

театр

9

pr

9

политика

9

интернет

9

новости

Source: own elaboration

11.3. CONCLUSIONS
The study of the social structures could be applied to identify local and global patterns,
locate influential entities, and examine network dynamics. A social Web can
be considered as a set of social relations that link people through the WWW.
Many popular social Web networks are organized around an individual’s friends.
But one could construct an on-line representation of the specific and varied things
in which an individual is interested. This structure in the form of interests network
is called as “interest graph”.
Methodical analysis of social networks is carried out with techniques of the social
network analysis. Network analysis software generally consists of either packages
based on GUIs, or packages built for programming languages. As well, many math,
statistical and data mining software packages might be used for solving particular SNA
problems.
LiveJournal is one of the prominent examples of social networks, where users
(and communities) can express explicitly their interests in their personal profiles.
To research interests graph in this social network the open-source system for data
mining – the RapidMiner, could be engaged. The results of automatic clustering
of LiveJournal communities interests in RapidMiner environment demonstrate
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consistency with expert evaluations, so RapidMiner could be useful for mining large
collections of social networks data.
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12
Competences – Analyses of Educational
Process Quality on the Base
of Bologna Process Approach

12.1. MODEL OF THE COMMON EUROPEAN EDUCATIONAL SPACE
Common vector of Bologna process is directed on preservation of cultural riches
and the language variety of Europe based on a variety of national traditions,
and assistance to development of innovative potential of Europe both to its social
and economic progress by means of strengthening of cooperation between
the European higher educational institutions.
In documents of Bologna process the major tasks which decision should promote
formation of uniform space of higher education in Europe are considered. Namely:


Introduction of easily understood, comparable qualifications in the field of HE.



Transition to three-level system of the high educations (a bachelor degree –
a magistracy – doctoral studies).



Introduction of an estimation of labour input (rates, programs, loading) in terms of
test units and reflection of the curriculum in the appendix to the diploma, increase
of mobility of students, teachers and the administrative and managerial personnel.



Maintenance of necessary quality of higher education.



A mutual recognition of qualifications and corresponding documents in the field of
higher education.



Maintenance of autonomy of high schools.



Giving of "the European measurement” to HE (its orientation to the all-EU values).
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Increase of appeal, competitiveness of the European education.



Realization of a social role of higher education.



Maintenance of availability of higher education.



Development of training during all life.

In frameworks of Bologna process basic methodical mechanisms of maintenance
of comparability and comparability of diplomas and degrees of higher education are
generated. The basic from them are developed in project Tuning (Adjustment
of educational structures in Europe), in particular – techniques of development
of educational programs of first two cycles of the higher education focused on results
of training, maintenance of quality of programs and calculation of test units. Positions
of this project can be considered as the common external regulating and regulating
mechanism of realization of tasks of Bologna process regarding development and
realization of educational programs [1].
Programs of the bachelor existing in Europe allow the graduate to receive
simultaneously wide preparation in concrete professional area and to generate
at it skills constantly to fill up and update own knowledge, skills and the competence.
As is known, in different systems national systems of higher education duration
of such programs, on the average, leaves from 3 till 4 years, thus there are also more
short-term programs of practice-guided bachelors if they are really claimed by market.
The magistracy (1-2 years are usual) assumes deep specialization in concrete
professional area, frequently masters is guided by research and-or teaching work.
Thus it is necessary to emphasize, that already the degree of the bachelor
gives the finished higher education, and the graduate with the bachelor's degree
can apply for permanent appointments for which, according to legal base existing
at a national level, the finished higher education is stipulated.
The Kazakhstan national model of education fully complies with above-stated
requirements of Bologna process.
Overall objective of Bologna process – a transparency, comparability, "clearness"
of existing educational systems, an opportunity of comparison of diplomas of different
systems. The mechanism of maintenance of a transparency and comparability
becomes the contents of qualifications determined in terms of results of trai-
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ning, or competence. Such approach allows to determine, as far as the diploma, or
the qualification received in one country, is comparable to qualifying requirements of
other country.
Essentially

important

concepts

are

concepts

of

learning

outcomes,

competence and test units which definitions contain in various documents
of Bologna process, and also in reports of the European project “Adjustment
of educational structures in Europe” (Tuning), representing technology of maintenance
of compatibility of various national educational systems.
Test units are understood as a unit of measurements of expenditures of labour
of the students expressed in terms of nominal time, necessary for the student
for achievement of concrete results of training. Labour inputs/expenditures of labour
cover all kinds of educational activity necessary for achievement of results of training
(include lectures, practical tasks, information search, independent work, practice, etc.).
The European system of carry of test units (ECTS) is determined as system
of maintenance of a transparency of education systems and educational programs.
The system is based on the following arrangements: general work input of one
academic year – 60 ECTS, which are distributed on separate units to rates/modules
in conformity with the expenditures of work of students necessary for achievement
of results of training.
The competence is a dynamic combination of some parameters – knowledge
and their application, skills, attitudes(relations) and the responsibility, describing
results of development of the program / module of training.
Learning outcomes represent statements of that the student should reach, from
the point of view of development of knowledge and formation of understanding and
ability to show achieved upon termination of process of training. Results of training
differ from tasks of training by that they concern to achievements of the student,
instead of to work of the teacher. Results of training should be supported by the
corresponding criteria of an estimation used for measurement of results, achieved
by the student. Results of training and criteria of an estimation, thus, describe minimal
requirements to which there should correspond(meet) the student for reception of test
units at carrying out of an estimation.

186

Varia Informatica 2013

Thus, the model of the common European educational space includes a number
of models and technologies:


Model of the three-level of high educations.



Model of the European qualifying framework.



Model of competence.



Model of Learning outcomes.



Model of system of test units.



Technologies of adjustment of educational system.

12.2. THE EUROPEAN FRAMEWORK OF QUALIFICATIONS
In EU the European framework of qualifications is accepted. Its purpose – realization
of the concept of training during all life. The framework of qualifications is the basis
for comparison and a recognition in the different countries of results of education
(knowledge, rus. компетенций). The main idea realized in this approach, is those:
has no value, the person has received what formal training (quantity(amount) of the
hours which have been lead(which have been carried out) in educational audiences,
programs, rules, procedure), is important - what exactly it(he) is able to do(make)
a result and as far as it is good. Similar results can be reached(achieved) in the
different ways: being trained directly on a workplace or it is independent, taking part in
training programs of employers, etc.
For the European Framework of Qualifications 8 levels of qualifications have
been determined. Each level has the own description based on three concepts:
knowledge, skills and competence. Levels from 5 up to 8 concern to area of HE,
and concern to Bologna process the Given paradigm demands change
in approaches to educational standards: now a starting point for their development are
not curriculums, and professional standards (the requirement of labour activity).
Besides it is necessary to find ways to broadcast requirements of employers
to teachers, and also to help them to update educational standards and programs
according to changes of inquiries of real sector.
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12.3. SYSTEM OF COMPETENCES
In the project “Adjustment of educational structures in Europe” two types
of competence are allocated:


The common of the competence;



Subject competence (theoretical, practical and-or experimental knowledge
and the skills providing development of subject skills).

The common of the competence cover three types:


Tool competence which include cognitive competence (ability to understand
and use ideas and concept), methodical competence (ability to operate
environment - time, strategy of training to make of the decision or to solve
problems), technical competence (connected with use or management of
means, and also skills in area ICT), language the competence (oral both
written dialogue and knowledge of foreign language).



Interpersonal competence, concerning to ability of the person to express
own feelings, critically to estimate itself, others and surrounding validity, which
are subdivided on social (interpersonal skills, skills to work in a team, skills of
social interaction, social both ethical sights and belief) and communicative.



System competence, including skills and ability of system understanding
of the phenomena and processes and supposing a combination of knowledge,
understanding and ability of recognition of the whole on the basis of its parts
or elements, ability to plan change for perfection of systems and creations of
new systems. System the competence are based on tool and interpersonal
competence, that should be taken into account at designing sequence
of development of modules.

To the most important common comptetences are related:


Skills in the field of the analysis and synthesis.



Skill / ability to put knowledge into practice.



Base knowledge in area studying.



Skills in the field of management of the information.



Interpersonal skills.
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Skill to work independently.



Base skills in area ICT.



Skills to carry out scientific researches.

To formation of the common competence the great value now as they pawn a basis
for the further perfection and successful professional work of students in conditions of
development of the society based on knowledge is allocated very much. As show
researches, formation of the common competence can be carried out by two ways.
First, within the framework of the special modules intended for development of the
concrete common competence (for example, modules in area ICT, development of
style of scientific speech, etc.). And, second, development of the common
competence can be integrated into subject modules.
Subject competence include the competence, connected with use of knowledge
in the field of studying, on the basis of methods corresponding to these area and ways
of activity. Subject competence are closely connected to knowledge. Subject
theoretical and practical / experimental knowledge include the knowledge concerning
to the given discipline, approaches to the decision of problems, knowledge of a history
of the given subject and modern lines of its development, etc.
In the document “Adjustment of educational structures in Europe”, programs
of the first cycle include subject the competence which have more the common
character. As a whole upon termination of programs of the first cycle (bachelor)
the graduate should be capable:


To show acquaintance to bases and a history of discipline.



Precisely to inform the received base knowledge.



Contextualization and to interpret the new information.



To show understanding of the common structure of discipline and connections
between its elements.



To show understanding and use of methods of the critical analysis.



To use the methods peculiar to the given discipline.



To show understanding of quality of researches in the field of studying.



To show understanding of experimental methods and methods of supervision
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at check of scientific theories.
Descriptors

(subject

the

competence)

the

second

cycle

–

assume

magistracies (90-120 ECTS are usual), that owners of diplomas / degrees of the
given cycle are capable:


To show knowledge and the understanding, the based on and preternatural
and-or developing knowledge and the understanding, received on a level
of the bachelor which are a basis or an opportunity for original development
or application of ideas, frequently in a context of scientific researches.



To apply knowledge, understanding and ability to solve problems in new or
unfamiliar

situations

and

contexts

in

frameworks

of

wider

(or interdisciplinary) the areas connected to investigated area.


To integrate knowledge, to consult with complexities and to take out
judgments on the basis of the incomplete or limited information in view
of the ethical and social responsibility for applications of these
judgments and knowledge.



Precisely and clearly to inform the conclusions and knowledge and their
substantiation to experts and non-specialists.



To continue training it is independent.

Descriptors (subject the competence) the third cycle – doctoral studies assume,
that owners of diplomas / degrees of the given cycle are capable:


To show system understanding of area of studying, skill regarding skills and
the methods of research used in the given area.



To plan, develop, realize and correct complex process of scientific researches;



To bring the contribution own original researches in expansion of borders
of scientific area which can deserve the publication at a national or international level.



Critically to analyze, estimate and synthesize new and complex ideas.



To inform the knowledge and achievements to colleagues, scientific
community and the wide public.



To promote development of the society based on knowledge.
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12.4. LEARNING OUTCOMES AND CRITERIA OF AN ESTIMATION
At designing educational programs of all cycles by the basic requirement
the formulation of results of training is. Results of training allow to determine a place
of the program from the point of view of its academic role and the importance for
external consumers - employers and students. Use of results of training provides
the big flexibility of programs in comparison with traditional programs as assumes
an opportunity of various trajectories for achievement of the same results.
Learning outcomes represent statements of that the student should achieve,
from the point of view of development of knowledge and formation of understanding
and ability to show achieved upon termination of process of training.
Learning outcomes differ from tasks of training by that they concern
to achievements of the student, instead of to work of the teacher.
Learning outcomes should be supported by the corresponding criteria
of an estimation used for measurement of results, achieved by the student.
Learning outcomes and criteria of an estimation, thus, describe requirements
to which there should correspond the student for reception of test units at carrying out
of an estimation.
The formulation of learning outcomes is carried out in terms competence which
include the following aspects:


Knowledge and understanding (theoretical knowledge and their judgment).



Knowledge of how it is necessary to operate (practical application
of knowledge in concrete situations).



The knowledge of what should be (the values integrated into process
of a social context in which exists and operates the person).

Thus, the competence cover knowledge, application of knowledge, skills,
attitudes(relations) and the responsibility which grows from a level to a level.
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12.5. TECHNOLOGY OF INTEGRATION OF EDUCATIONAL PROCESS
Adjustment of educational process of any specialty in aspect of integration into
the common European educational space assumes use of all models of this space.
Therefore the technology of integration of educational process of a specialty
information systems in the European educational space will represent in essence
application of models and technologies of adjustment of Bologna process to concrete
educational process.
So, the model of the three-level high educations is accepted by an education
system of Kazakhstan. The model of the European qualifying framework in a general
plan is accepted, however there is a question on development of a national qualifying
framework within the framework of which requirements to professional standards
on each speciality should be developed. That, not less, within the framework
of existing educational processes is real development of professional structures
of specialities that will be realization of the European model competence.
The professional structure represents a set of functions of professional work
and competences, these functions necessary for realization, carrying to concrete area
of

professional

work.

Professional

standards

of

a

professional

structure

it is determined by representatives of branch and reflects changing needs of a society
and a social situation, as current, and on prospect.
In a basis of methodology of development of professional structures
the functional analysis including the description lays:


Areas of professional work in terms of functions.



Each function in terms of knowledge, skills, requirements to a level
of responsibility, independence and a non-standard of carried out actions.



Distributions of functions on skill levels.

For a speciality information systems us for a basis of a professional structure was
the professional structure submitted by the curriculum, developed and recommended
АСМ\2,3\ is taken.
Further,

development

of

educational

programs is necessary according

192

Varia Informatica 2013

to requirements of a professional structure by results of training and required
компетенциям, and with use of system of test units.
Thus, the technology of integration of educational process of a speciality
information systems in the European educational space includes the following
components:


Acceptance of three-level model of the high educations.



Acceptance of model of the European qualifying framework and development
of a national qualifying framework.



Acceptance of the common European model of the competence and its
projection to each speciality.



Development of a professional structure of a speciality.



Development of educational programs, since development of results
of training, with orientation to a professional structure of a speciality.

Results of adjustment of educational process of a speciality information systems
are submitted as disciplines syllabuses with use of model of learning outcomes. Thus
learning outcomes are formed on the basis of the professional structures based
on recommendations of curriculum АСМ on a speciality information systems and
recommendations of the organizations - base practics faculties.
It is necessary to note also, that in Al-Farabi KazNU at mekhanical-mathematical
faculty project TEMPUS ERAMIS “Creation of a network Europe – Russia –
the Central Asia on a magistracy of information technologies as second competence”
(2010-2013) with participation of 5 universities of the European Union (P.Mendes
France University, Grenoble, France; Savonia University of Applied Sciences, Finland;
the Berlin University of Applied Sciences, Germany; Lublin University of Technology,
Poland; University of Alicante, Spain), 3 universities of Kazakhstan (KazNU,
Karaganda Technical University, the Euroasian Innovative University, Pavlodar)
2 universities of Kyrghyzstan, (the Kyrghyz National University, the Kyrghyz National
Technical University), 4 universities of Russia (the Saratov University of Economy and
Social Sciences; the Astrakhan State University; the Kazan State Technical University;
the Voronezh State University), and also 3 enterprises (Kazakhstan, Kyrghyzstan,
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Russia) [4, 5].
Within the framework of the given project since September, 2011 educational
process of

educational

program

“Information technologies,

as the

second

competence” specialities Information systems for students with not previous higher
education is carried out. The given educational program completely is adjusted
on model of the common European space, reception of double diplomas also
is supposed. With this purpose within the framework of the given educational program
the group with training in English is created, that creates conditions for mobility
of students within the framework of the given program.

12.6. THE ANALYSIS OF QUALITY OF EDUCATIONAL PROCESS
Quality of educational process is determined by all components of educational
process, and also a control system of quality. Recommendations under the theory and
practice of quality management include circuit PDCA (planning, doing, check, action).
The careful control of quality management over all stages of circuit PDCA
is necessary.
If to consider educational process on a magistracy development and
the statement of the curriculum, its coordination with council of employers, its
conformity to a professional structure of a speciality, development syllabuses on each
discipline is rather important. In this plan under our project teamwork with partners
of the project is carried out. What possible problems at this stage: this conformity
of educational program to needs of professional practice.
At a stage of performance (doing) educational process selection of the teaching
case, process of the organization of educational process, preparation of all kinds
of the learning-methodical documentation for maintenance of lessons of students,
a coordination of schedules of lessons is important. Possible problems at this stage:
this quality of the learning-methodical documentation.
At a stage of the control (check) the control of performance of various kinds
of lessons (lectures, practical lessons, research work, practice), carrying out
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of examinations is made according to knowledge of students. The important problem
at this stage is the technology of an objective estimation of knowledge of students.
At a stage of performance of correction (action), managing influences with
the purpose of improvement of quality work on correction of materials, elements
of technology of the educational process is carried out(spent), allowing to improve
quality of educational process.
The conclusion. As a whole, in the given work the model of the common
European educational space is submitted, the technology of adjustment of educational
process in aspect of integration into the European educational space is considered.
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13
Construct 2 – the Environment for Creating
Cross-Platform Games

Mobile games have become very common, thus familiar to users of smartphones
or other modern mobile devices. At the moment the gaming market, designed for
operating systems such as Android or iOS, experiences a crisis of too many
applications. This problem affects retail and online shops to lesser extent, because
it is easier to find customers by offering many products. The problem more broadly
touches:


consumers who have more and more problems regarding searching product
catalogues and making right choices;



developers who need to extend marketing activities to make themselves more
visible themselves to attract potential users and at least return production costs.
The increasing cost of promotion of Android and iOS applications results increase

the investment risk. It also makes developers try to consider other solutions. One
of these is to choose new operating systems designed for mobile devices. Among
such operating systems one can find BlackBerry 10, Tizen and Mozilla OS. The main
advantage of deciding for such solution is the fact, that the mobile applications
markets for devices supporting those platforms only begins to develop. The second
one is the possibility of using HTML5 as a native technology for application development. Both factors cause more and more people, who are involved in application
creation, seriously consider those common network technologies and increasingly
research for potential working environment. HTML5 in conjunction with JavaScript
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gives a concise description of complex graphical transformations. However, game
development based on these technologies requires use of managing tool equipped
with a suitable layout.

13.1. RELATED WORKS
There are many papers discussing particular platforms and operating systems [1, 12,
13]. One can also find comparison works [2, 14] considering specific platforms, as well
as papers presenting platforms features [3, 10, 11]. There are also studies dedicated
to particular solutions such as cloud apps [15].
There is still a distinctive lack of papers discussing cross-platform tools. Some
elements might be found in [4, 9] but such approaches are concentrated on mobile
architectures. However, it is still hard to find papers discussing wider approaches.

13.2. MULTI-PLATFORM SUPPORTING TOOLS
Game developers need to take the variety of platforms and operating systems into
account. Especially the market of mobile operating systems dedicated for
smartphones, due to its fragmentation and volatility [4]. Most of the market share [16]
currently belongs to Google’s Android (about 65%) and Apple’s iOS (about 20%).
However, there are also other platforms such as Windows Phone, Blackberry
or Symbian which also should not be ignored by apps developers if they want to reach
a large potential audience. Mobile platforms signiﬁcantly differ from each other. The
problem escalates if desktop computer platforms are also considered. Building
of native solutions supporting all platforms separately can became an expensive and
time-consuming task [5]. That is why cross-platform supporting tools are getting more
and more popular. Such approaches address the challenge of multi-platform apps
development by enabling implementation for a range of platforms. Using such solution
helps to avoid repetition and increases productivity [4]. On the other hand, more
complicated projects may still need to produce native (dedicated to particular
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platforms) versions of apps. Furthermore, even simple apps often require developers
to consider specific advantages and functions of devices, especially smartphones.
Native applications development is performed using software development kit
(SDK) and frameworks dedicated to speciﬁc target platform. Applications for Android
are generally written in Java, use frameworks provided by Android, whereas iOS apps
are created in Objective-C and take advantage of Apple’s frameworks. Multi-platform
approach needs to consider specificity of different platforms. It should also ensure
the look and the feel of addressed platforms.
The problem might be also considered from the point of view of Web applications
users. Web applications rely on good web browser support (including browsers of mobile platforms) as well as on the Web technologies standardization [4]. Such approach
helps to develop applications optimized for both, standalone and mobile devices,
because websites are accessed by browsers of all platforms. Popular frameworks
supporting such solutions are: jQuery Mobile or Sencha Touch.
Viable option for building web-based, cross-platform applications is to use
solutions based on HTML5 standard. The quality and cost effectiveness constituted
are subject of discussions. For example [5] discussed HTML5 quality using ISO 9126
standard

considering

such

factors

like

functionality,

usability,

efficiency,

maintainability, reliability and portability.
HTML5 provides the stacks of new exciting features such as multimedia objects
handling. Furthermore, the HTML5 release is supported by additional new elements
such as several new JavaScript APIs [6]. Those changes (such as introduction
of canvas) have a great impact on the game development industry. Other innovative
features are [6, 7]: WebGL API supporting customisation of 3D objects with JavaScript
and WebSocket technology providing full-duplex bi-directional communication
channels in web browser and web servers over a single TCP socket.
Combining Canvas and WebSockets [8] enable to develop a multiplayer web
browser based games framework.
Disadvantages of traditional web-based solution are, however, its dependence
on different supporting levels of web browsers and limited support for hardware
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features such as camera or GPS sensor. It makes the application behave and look
different on different platforms.
To solve hardware problems one can take advantage of hybrid approaches –
a combination of Web technologies and native functionality. Such approach offers
PhoneGap provided by Adobe (originally created by Nitobi Software). Developers
using PhoneGap employ standard web technologies, but they can apply provided
JavaScript API supporting access to hardware features. PhoneGap offers additional
layer between the displayed page and the browser. The web page is packaged with
a speciﬁc engine which act as a bridge between JavaScript and native app's
functionality, instead being directly displayed by the browser. It hybrid model, because
one need to use PhoneGap engine dedicated to specific platform. Application build
with PhoneGap runs cross-platform [4].
Different approach is offered by Titanium Mobile (by Appcelerator). This tool
enables implementing the app's user interface programmatically instead of using
typical web standards as HTML and CSS. The app’s interface, logic and data is
written in JavaScript using the Titanium API and the Titanium’s engine is applied
to package the code. This approach enables to resembles the platform appearance
more accurately, because UI is built of native elements.
Today one can observe a flood of applications and libraries based on HTML5
technology dedicated to games development. Resources dedicated to this issue [17]
present lists containing more than 50 items meeting basic requirements. Usually,
however, these tools are created and developed by a single person. Only a small
number of the listed graphic engines may be characterised as software suitable
for commercial use. Even less software applications provide full functionality and
support the community and developers. In fact only two programs from the previously
mentioned list meet all the necessary qualities to be treated as high quality and
stability products. They are: Construct 2 [18] (Figure 1) and impactJS [19]. Only these
two programs have graphical user interfaces (GUIs) supporting easy-handling. They
also offer a set of tools and built-in functions which are ready-to-use components
enabling immediate start and are beginning to pursue more specialized and more
complex actions.
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Fig. 1. Promotional Banner for Construct 2 on Steam
Source: [18]

Testing the opportunities offered by the ImpactJS requires a prior purchase
of the program. This constitutes a serious entry barrier for many novice developers.
Developers of Construct 2 give the opportunity to try their technology for free. It is
possible to develop non-commercial projects using limited capabilities of the tool.
The slimmed-down free version of this program enables to browse, try and use
the wide range of functions, which is more than enough to create a modest
application.

13.3. THE HISTORY OF CONSTRUCT 2
Scirra Company was founded in 2011 by two brothers – Ashley and Thomas Gullen.
Currently the company employs only one additional person – Paulo Ricaro Reinehr.
For two years these three individuals have been engaged in development of Construct
2 programming tool. Upgrades for the program are released more or less weekly and
each of them contains at least a couple of modifications and improvements.
Besides the main developers, there is a large user community that takes a large
role in the process of developing and shaping the software. Modifications and patches
of the program developed by the community have significant contribution into
determination of new routes and finding new ways to use available resources.
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Construct 2 is based on open source engine- Construct Classic, created in 2007
and designed to build simple games dedicated for Microsoft Windows platform.
The engine is written in C# and takes advantage of, common for this language, readyto-use elements of the interface.

13.4. ASSESSMENT OF CONSTRUCT 2
The assessment of Construct 2 is performed using several criterions. They are:
Special features, Simplicity of Graphical User Interface, Functionality, Multiplatforming,
Community of constructors, and Defects, deficiencies and shortcomings.
Special features of Construct 2
The whole manner of Scirra flagship product creates the good first impression of high
product quality. It is proved by:
 Well designed user interface, which is very useful and does not contain
distracting and unnecessary elements.
 Extensive

documentation,

where

user

can

find

explanation

of

all

the implemented mechanisms, functions, variables, etc.. It also offers
examples of the specific technical solutions implementation. Currently
available documentation contains more than 65 articles describing key
features of the program and offers 300 tutorials describing the steps
of specific solutions development.
 The possibility to export projects on multiple platforms. Once designed,
application can moved to a different platform. The software supports internet
platforms such as Chrome Store and Kongregate or hardware platforms,
i.e. Android and iOS. Currently Construct 2 supports ten different platforms.
 Separation of front-end and back-end. The user does not have to be familiar
with programming techniques in order to take advantage of Construct 2.
However, to develop more sophisticated elements and functionalities one
needs to have knowledge and skills of programming and function developing.
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 Many additional features, prototypes and libraries implemented to facilitate
the work. They are: ready-to-use patterns of behaviour for objects, a library for
creating physical events (Box 2d), as well as the collection of ready to use
visual effects (scripts WebGL).
 The possibility of self-expanding of the functionality range. One, using
the JavaScript language and following the recommendations of the creators, is
able to create their own plug-ins, add-ons and effects that can be used for
their own purposes or shared among the community.
Additional advantages pleading for use of the main product of Scirra company
to implement projects based on HTML5 and JavaScript are:
 low price of the commercial license, as compared to other programs offering
similar functions;
 interesting educational offer for schools and colleges enabling to use
the software for free as part of classes held in these institutions;
 large and actively participating in the software development community which
has about 27,000 members.
Simplicity of Graphical User Interface
The creators’ usage of the technique developed by Microsoft to systematize
the options panel in the form of ribbons, known from Windows 7 and 8 applications, as
well as embedded containers or boxes with a set of controls, made it possible
to attach to the main part of the application window (Figure 2).
Another reason for the positive assessment of the implementation of the interface
is a reliable approach to the subject looks the same controls. In the case of the
window to create events (event-sheet), you can notice the minimalist design in data
presen-tation, featuring transparency and clarity.
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Fig. 2. Application window
Source: own work

Another thing that contributes to the ease of use of the program is the ability
to easily search for available resources and variables, thus finding specific parameters
and objects functions. One can also catalogue the objects and thus manipulate them
in groups.
High functionality
Due to large number of available mathematical functions and global objects, those that
describe the basic application parameters (e.g. counter of visible frames per second
(fps), or the time measured from the start of the application), Construct 2 lets users
into role of a real scripter.
Besides, it is possible to create extra shaders, using the WebGL library, which
are responsible for the way objects are displayed on screen. This gives the possibility
to transform the image without directly affecting objects on the stage itself (Figure 3).
By using WebGL, it becomes possible to transform a flat stage in pseudo-threedimensional space, or to create colour distortion.
In addition, built-in library functions allow to manipulate objects in terms
of specific behaviour control, the existence or terms of use of physical events.
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The latter is possible thanks to Box2D library implemented engine, founded in 2007,
which is a set of rules for the interpretation of possible physical phenomena of the real
world in the digital space [20].

Fig. 3. An example of use WebGL effects in Construct 2
Source: [16]

The process of testing the application is made easy by so-called preview mode,
which allows to generate a test application code almost instantly and run it in chosen
web browser.
Multiplatforming
Unlike to currently used working environments, Construct 2 makes it possible to create
applications for many platforms at once, which increases chances of reaching further
audience, thereby increasing sales profits. Whilst the default native technology
of projects is HTML5 with Javascript, there are many ways to save them in format
which is easier to run on phones and tablets.
Coding for the target platform is similar for all of them. First, the native code is
created – JavaScript and HTML5 – which is then followed by specific marker files
(Figure 4).
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Fig. 4. Export functions window
Source: own work

The second step is sending the prepared archive application data to an external
compiler (e.g. Cocoon2D [21] or PhoneGap [22] – Figure 5). The compilers are run
at the cloud, which means the process of modernization of the code does not overencumbered the developer’s machine. At the end of the transformation process,
the application is ready for testing. Assuming the most favourable prototype conditions
creation process, this operation takes 5 minutes.

Fig. 5. Online compiler window of PhoneGap
Source: [22]
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Community of constructors
People who trusted Scirra company and are using Construct 2 to express their
creativity, are a relatively large and active community. More than 27,000 users
participate in forum discussions, comment posts on the company's official blog and
also report problems or make suggestions for further improvements.
Most community members treat the use of Construct 2 as a form of a hobby.
They share achievements and results of the tests with fellow designers for the pure
desire of helping or simply to show off the tasks they have already completed.
The presented demos are often criticized and commented, which eventually is
the point of production process- an ideal model of testing the application. Contacts
between the users of Scirra website are mainly social and any advice or comments on
the project are not considered to be forms of business. That gives the community
an opportunity to focus only on the creative process.
Another element influencing the activity of the users, is implementation
of gamification elements within the official Scirra website dedicated for their
technologies. Each user’s activity is registered and added into statistics. Each user
earns points, which are key to the improvement of his rank. At the moment it is only
used for building popularity, but still allows assessment of most active and contributing
members. On those basics it is possible to assess the level of maturity and
commitment to each user pages.
Defects, deficiencies and shortcomings
Despite so many different advantages, Scirra company could not avoid some
shortcomings and errors that have not been corrected yet and that users have to cope
alone. Here are some examples of said shortcomings:
 No vectorisation – limited capacity for handling vectors and array structures,
which hinders efficient management of data in these forms and thus impedes
the development of more advanced applications;
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 Inability to verify the performance quality – at the moment there are no effective methods of measuring the applications’ performance, beside empirical
verification of code operation on the target output device or platform;
 Lack of insight into some of the processes of the application life – preview
of the key moments of applications’ life such as application loading time is not
available, which prevents startup processes preview and modification.
Another defect, directly caused by using HTML5 to build games, is low
application stability running on mobile devices. Paradoxically, most technologically
advanced devices use web browser engines that do not deal well with the object side
of the Construct 2 code. This is in part due to the HTML5 being still in the beta stage
and the final specification is scheduled for 2014 [23].

13.5. CONCLUSION
Construct 2 is designed for those who want to make games, but are not interested
in learning programming techniques – they prefer focusing on other aspects
of creativity. Software developed by Scirra well fulfils in this role, and the users
themselves do not complain about the direction of development.
Currently, it is the only product on market with such a large collection of built-in
tools to create games in HTML5, and additionally allows users to modify it with
plugins.
Because of the experimental state of the program and lack of stability and
warranted HTML5 good performance on all platforms, Construct 2 should be treated
as an investment with a high degree of risk.
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