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PREFACE

The scope of the International Book Series “Information Science and Computing” (IBS ISC) covers the area of
Informatics and Computer Science. It is aimed to support growing collaboration between scientists from all over
the world. IBS ISC is official publisher of the works of the members of the ITHEA International Scientific Society.

The official languages of the IBS ISC are English and Russian.

IBS ISC welcomes scientific papers and books connected with any information theory or its application.

IBS ISC rules for preparing the manuscripts are compulsory.

The rules for the papers and books for IBS ISC are given on www.foibg.com/ibsisc .

The camera-ready copyes of the papers should be received by ITHEA Submition System http://ita.ithea.org .
The camera-ready copyes of the books should be received by e-mail: info@foibg.com .

Responsibility for papers and books published in IBS ISC belongs to authors.

This issue contains a collection of papers in the field of research and development of applied information
devices,systems and networks as well as information technologies and theirs implementation.

Papers are peer reviewed and are selected from the several International Conferences, which were part of the
Joint International Events of Informatics "ITA 2009" — summer session, Varna, Bulgaria.

ITA 2009 has been organized by
ITHEA International Scientific Society
in collaboration with:

« Institute of Information Theories and Applications FOI ITHEA
International Journal “Information Theories and Applications”
International Journal "Information Technologies and Knowledge"
Association of Developers and Users of Intelligent Systems (Ukraine)
Association for Development of the Information Society (Bulgaria)
V.M.Glushkov Institute of Cybernetics of National Academy of Sciences of Ukraine
Institute of Mathematics and Informatics, BAS (Bulgaria)

Institute of Information Technologies, BAS (Bulgaria)
Institute of Mathematics of SD RAN (Russia)

Taras Shevchenko National University of Kiev (Ukraine)
Dorodnicyn Computing Centre of the Russian Academy of Sciences
Universidad Politecnica de Madrid (Spain)

BenGurion University (Israel)

Rzeszow University of Technology (Poland)

University of Calgary (Canada)

University of Hasselt (Belgium)

Kharkiv National University of Radio Electronics (Ukraine)
Astrakhan State Technical University (Russia)

Varna Free University “Chernorizets Hrabar” (Bulgaria)
National Laboratory of Computer Virology, BAS (Bulgaria)
Uzhgorod National University (Ukraine)
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The main ITA 2009 events were:

KDS
i.Tech
MeL
INFOS
CFDM
GIT
ISSI

XVth International Conference "Knowledge - Dialogue — Solution”

Seventh International Conference "Information Research and Applications”

Fourth International Conference "Modern (e-) Learning"

Second International Conference "Intelligent Information and Engineering Systems"
International Conference "Classification, Forecasting, Data Mining"

Seventh International Workshop on General Information Theory

Third International Summer School on Informatics

More information about ITA 2009 International Conferences is given at the www.ithea.org .

The great success of ITHEA International Journals, International Book Series and International Conferences
belongs to the whole of the ITHEA International Scientific Society.

We express our thanks to all authors, editors and collaborators who had developed and supported the
International Book Series "Information Science and Computing".

General Sponsor of IBS ISC is the Consortium FOI Bulgaria (www.foibg.com).

Sofia, June 2009 Kr. Markov, L.-F. de Mingo, Kr. Ivanova, . Mitov
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Systems

PORTABLE DEVICE "FLORATEST"
AS TOOL FOR ESTIMATING OF MEGALOPOLIS ECOLOGY STATE

Volodymyr Romanov, Igor Galelyuka, Volodymyr Fedak,
Volodymyr Grusha, Dmytro Artemenko, Oksana Galelyuka, Vitalii Velychko,
Krassimir Markov, Krassimira lvanova, llia Mitov

Abstract: Portable device "Floratest” for express-diagnostic of plant state, which is developed in the
V.M. Glushkov Institute of Cybernetics of National Academy of Sciences of Ukraine, is considered. Party of this
device is manufactured and transferred to organizations, worked in the agricultural sector, environmental
protection area, mineral fertilizer production etc. for working out of methodical tools. Using of the device for
estimating of megalopolis ecology state by means of evaluation of green plant state is described in the article.
Together with Megalopolis Ecomonitoring and Biodiversity Research Center of National Academy of Sciences of
Ukraine there were got results of experimental researches of influence detecting of heavy metals and harmful
substances on the trees and plants in Kiev.

Keywords: Kautsky effect, chlorophyll, chlorophyll fluorescence induction, fluorescence, fluorometer, portable
device, ecology.

ACM Classification Keywords: J.3 Life and Medical Sciences - Biology and Genetics, J.7 Computers in Other
Systems — Real Time, C.3 Special-Purpose and Application-Based Systems — Microprocessor/microcomputer
applications

Conference topic: Information Systems.

Conference: The paper is selected from Seventh International Conference on Information Research and Applications —
i.Tech 2009, Varna, Bulgaria, June-July 2009

Introduction

Photosynthetic processes are the processes which supply energy to the cells of plants. Chlorophyll is the main
pigment of the cells of plants. One of the main features of the molecular of chlorophyll is ability of fluorescence.
The intensity of chlorophyll fluorescence depends on photosynthetic activity. After irradiation of leaf the intensity
of chlorophyll fluorescent signal is increasing at first and then slowly reduces. This effect is called as effect of
Kautsky [Kautsky, 1931] or effect of chlorophyll fluorescent induction (CFI). The form of this curve is very
sensitive to adverse environment.

It gave possibility to develop in the V.M. Glushkov Institute of Cybernetics of NAS of Ukraine the portable device
"Floratest" [Fedack, 2005, Palagin, 2007], which lets to estimate in several seconds the plant state after drought,
frosts, pollution, herbicides etc. without plant damage. Like human cardiogram device builds CFl curve, which
characterizes photosynthesis process, which is the base of plant vital activity.
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Device "Floratest" description and application examples

Device and relevant diagnostic methods refer to the area of biological object researches by detecting their
biophysical properties, particularly native chlorophyll fluorescent induction. Device is defined as smart biosensor
with fragment plant as sensing element.

Express-diagnostic of plant state is carried out by functional features and is based on using of features of
separate specific sections of IFC curve, which refer to separate areas of photosynthesis chains as diagnostic
features. By IFC curve form it is easily to detect influence of one or another factor on the plant state.

Application areas of portable device "Floratest":
- express-estimating of plant vital activity after drought, frosts, sorts coupling, pesticide introduction;

- express-detection of optimal doses of chemical fertilizers and biological additives, what lets to optimize
amount of fertilizers and additives and reduce nitrates content in vegetables and fruits;

- express-detection of level of pollution of water, soil and air by pesticides, heavy metals and superpoison;
- economy of energetic and water resources during man-made watering;
- developing of precision agriculture technology for increasing the quality of agricultural products;
- using of the device in the insurance agriculture to get predicted results of future yield;
- automation of researches in the plant physiology field.
Appearance of portable device "Floratest" is shown on the fig. 1.

Functional diagram of the device is shown on the fig. 2. Data processing unit and displaying unit are built on the
base of microconverter ADuC812 and graphical display with resolution capability of 128*64 pixels. Microconverter
is system-on-chip for data acquisition and processing, which includes analog-digital and digital-analog converters,
reference supplies, temperature sensor, timers, power supply monitor, embedded industry standard 8052
microcontroller, external and internal data memory, program memory etc.

Interface |—
to PC

A Remote o A/D unit Processing and Graphic L.
optoelectronic — control unit monitor

U

acde | hotoms | | Do
'Fig. 1. Appearance of portable device. Fig. 2. Functional diagram of portable device "Floratest"

"Floratest"

Remote optical sensor is built as "reflection diagram" on the base of four light-emitting diodes and one
photodetector. "Reflection diagram" means that light-emitting diodes and photodetector are situated from the
same side of researched leaf. To research chlorophyll fluorescence in the red spectral region the filter is placed
on the input of photodetector. Emission intensity of light-emitting diodes and photodetector sensitivity can be
changed during measuring process. Integrated algorithm of device work is shown on the fig. 3.
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Fig. 3. Integrated algorithm of device work

Field condition Laboratory,

data acquisition center

Portable device

3
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| —
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converter, ’ :
-&f
memaory, :
display : |
i
|
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Fig. 4. Data acquiring, processing and transmitting system on the base of portable device with radio channel
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Today it is not enough to acquire and save measurement result in the portable device memory. It is urgent to
transmit measurement results from places of measurement to laboratories or centers of operative estimation of
condition and necessary decision making. For data transmitting from measuring channel to receiving point it is
proposed to use mobile communication by means of midget GSM-unit with GPS-subsystem, which is embedded
in the portable device, and GSM-modem, which is connected to computer or work station. During such
measurements the transmissions of a small amount of data are required, so it is reasonable to use GPRS
standard. Data acquiring, processing and transmitting system on the base of portable device with radio channel is
shown on the fig. 4.

Application of device "Floratest" for estimating of megalopolis ecology state

In 2008 together with Megalopolis Ecomonitoring and Biodiversity Research Center of National Academy of
Sciences of Ukraine experimental researches of portable device "Floratest" were carried out to detect influence of
heavy metals and harmful substances (e.g. lead, sodium, chlorine etc.) in leaf and soil on the plants state in Kiev.
Today long-term phytomonitoring methods are used. They consist of visual observations and chemical analysis of
soils and plant fragments and needs complicated equipments and lasts more than one week.

Long duration and complexity of

existing methods of heavy metals and

2,500 harmful substances detecting in alive
| plants and necessity to involve skilled

2,000 5 L
,_,"‘7¢ specialists to perform these researches

+

5 1500 ’___‘_*_\ / set necessary conditions to develop
< 1,000 o special diagnostic methods and tools
E for this aim. Preliminary researches
z 0,500

indicate that portable device "Floratest"

o000 = ' ' ; ; ' L can be used for detecting of heavy

¥ =2 F % _F & 4 % & 9 metals and harmful  substances

s o influence on state of plants by

measuring of CFl curve. The form of

CFl curve changes versus level of
harmful substances influence.

Fig. 5. Chlorine content in researched trees' leaf

Joint researches were carried out in

<ae | P Kiev green regions by means of

: 0,500 o
3 .,,0—0\‘/ ‘i\ common phytomonitoring methods and
=, e Vs portable device "Floratest”. After
£ 0300 \\/ processing of research result there
E 0200 were built dependences for searching
e 0,100 correlations between chlorine content in
ST — o o trees Ieaf, V\{hICh are got by common
1 2 3 a4 s & 3 B o 10 phytomonitoring methods (fig. 5), and
Tree, number readouts of portable device "Floratest"

(fig. 6).

Fig. 6. Readouts of portable device "Floratest" for researched trees

Even one can see some dependence between chlorine content in trees' leaf and readouts of portable device
"Floratest" (stationary region of IFC curve) on figs. 5, 6. Calculations, made by mathematical methods, show
certain correlations between these values. Such researches were made for other harmful substances, such as
sodium, magnesium.

It is easily to concede that IFC curve form expresses not only contents of separate harmful substance, but
general state of tree versus influence level of harmful substances. It is possible to convert IFC curve in a
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description as a set of objects with features which values are integer numbers. The received description may be
used by the system for inductive finding of regularities - Confor [Gladun et al, 2008], which permits to find
common features of IFC curves for the trees which are under influence of equal oppresive factors. The found
regularities may be used for automatic selection of harmful substances using the form of IFC curve.

Using VLCAD for designing “Floratest”

Let remember, that only by paying attention to the design process of computer devices it will be possible to reach
a high level of competitiveness of scientific developments, what lets in the future to take up notable place on the
world market. It is easily to see, that most devices have the same structure, to be exact, they consist of sensor,
measuring channel, data processor, interface and additional subsystems. That's why process of designing could
be easily formalized. [Palagin et al, 2009]

Selection of typical functional solution

Block diagram of “Floratest” (typical functional solution)

List of microelectronic components and units of “Floratest”

Component 1, component 2, ..., component n-1, component n

< oy
1=
52

= o =

m e o

3w Type of 5

T S calculation 'Q

Data bases d L o
o Data a7
(libraries) S o
= o

Eo ~—

g
&

Results of preliminary calculation of “Floratest” parameters

Reliability, price, performance, precision ... etc.

Fig. 7. Designing of "Floratest" by means of virtual laboratory

To solve this problem within the bounds of international Ukrainian-Bulgarian project it is began developing of
virtual laboratory for computer-aided design for computer device designing (VLCAD) [Palagin et al, 2007]. The
VLCAD is being created on the virtual methods of design [Galelyuka, 2008]. For VLCAD creating it is used the
methodology of system integration [Palagin and Kurgaev, 2003] concerning base methods and tools, on which it
is created.
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In the process of designing of “Floratest” the VLCAD was used to:

- check possibility of creating of new modifications of "Floratest" on basis of developed sensors without
involving specialists in circuit technology and instrument engineering at the stage of EFT-project;

- avoid expensive actual tests on the stage of device creating by replacing with virtual methods of designing
and testing;

- calculate parameters (reliability, price etc.) of new device;
- prepare set of design documentations on designed device.
The sheme of using the virtual laboratory for designing of "Floratest” is shown on the fig. 7.

Conclusion

On basis of preliminary researches there were shown that using of portable device "Floratest" let to detect in
express mode the worsening of photosynthetic apparatus of plant by measuring fluorescence of native chlorophyll
on the early stages.

Satiation of ecological monitoring centers and institution of agrarian sector by such devices let to diagnose
general state of live plants and environment influence on them, acquire data about that, how plants survive
drought or frosts, and determine optimal dose of fertilizers or herbicides.

Using VLCAD the design process has been facilitated. The possibility to convert IFC curve in a description as a
set of objects with features which values are integer numbers allows implementing the intellectualized
components in the design process as well as in the real usage of the “Floratest”.

Acknowledgements

This work is partially financed by Bulgarian National Science Fund under the joint Bulgarian-Ukrainian project
D 002-331/19.12.2008 "Developing of Distributed Virtual Laboratories Based on Advanced Access Methods for
Smart Sensor System Design" as well as Ukrainian Ministry of Education under the joint Ukrainian-Bulgarian
project No: 145/ 23.02.2009 with the same name.

Bibliography

[Kautsky, 1931] Kautsky H., Hirsch A. Neue Versuche zur Kohlenstoffassimilation // Natur wissenenschaften. — 1931. - 19. -
S. 964.

[Fedack, 2005] Fedack V., Kytaev O., Klochan P., Romanov V., Voytovych |. Portable Chronofluorometer for Express-
Diagnostics of Photosynthesis // Proceeding of the Third IEEE Workshop on "Intelligent Data Acquisition and Advanced
Computing Systems: Technology and Applications”, IDAACS'2005. — Sofia, Bulgaria. — 2005, September 5-7. - P. 287-
288.

[Palagin, 2007] Palagin O., Romanov V., Starodub M., Brayko Yu., Galelyuka I., Imamutdinova R., Sarahan Ye. Portable
Devices for Express-Diagnostics of Photosynthesis, Viral Infections and Mycotocsicosis // Proceeding of the IV
International scientific-practical conference "Urgent question and organizational-lawful aspects of Ukraine-China
collaboration in the high technologies field" — Kiev, Ukraine. — 2007, 10 october. — P. 135-138.

[Gladun et al, 2008] V. Gladun, V. Velichko, Y. Ivaskiv. Selfstructurized Systems. International Journal "Information Theories
& Applications". FOI ITHEA, Sofia. - Volume 15 - 2008, Number 1. -pp. 5-13.

[Palagin et al, 2009] Palagin O., Romanov V., Markov K., Velychko V., Stanchev P., Galelyuka I., Ivanova K., Mitov I.
Developing of Distributed Virtual Laboratories for Smart Sensor System Design Based on Multi-dimensional Access
Method. In Int. Book Series ISC book No:8: "Classification, Forecasting, Data Mining", FOI ITHEA, Sofia, 2009,
pp. 155-161.



International Book Series "Information Science and Computing" 15

Authors' Information

Volodymyr Romanov - Head of department of V.M. Glushkov’s Institute of Cybernetics of National Academy of
Sciences of Ukraine, Doctor of technical sciences, professor; Prospect Akademika Glushkova, 40, Kiev-187,
03680, Ukraine; e-mail: dept230@insyq.kiev.ua, VRomanov@i.ua

Igor Galelyuka - Research fellow of V.M. Glushkov’s Institute of Cybernetics of National Academy of Sciences of
Ukraine; Candidate of technical science; Prospect Akademika Glushkova 40, Kiev-187, 03680, Ukraine;

e-mail: galib@gala.net; National University of Life and Environmental Sciences of Ukraine, Heroyiv Oborony str.,
15, Kyiv, 03041, Ukraine

Volodymyr Fedak — Research fellow of V.M. Glushkov’s Institute of Cybernetics of National Academy of
Sciences of Ukraine, Prospect Akademika Glushkova 40, Kiev—187, 03680, Ukraine

Volodymyr Grusha — Research fellow of V.M. Glushkov’s Institute of Cybernetics of National Academy of
Sciences of Ukraine, Prospect Akademika Glushkova 40, Kiev—187, 03680, Ukraine

Dmytro Artemenko - software engineer of V.M. Glushkov’s Institute of Cybernetics of National Academy of
Sciences of Ukraine; Prospect Akademika Glushkova 40, Kiev—187, 03680, Ukraine

Oksana Galelyuka — Research fellow of Institute of encyclopedic researches of National Academy of Sciences of
Ukraine; Tereschenkivska str., 3, Kiev, 01004, Ukraine

Vitalii Velychko — Doctoral Candidate; V.M.Glushkov Institute of Cybernetics of NAS of Ukraine,

Prosp. Akad. Glushkov, 40, Kiev-03680, Ukraine; e-mail: glad@aduis.kiev.ua

Krassimir Markov — Assoc. Professor; Institute of Mathematics and Informatics, BAS,

Acad. G.Bontchev St., bl.8, Sofia-1113, Bulgaria; e-mail: markov@foibg.com

Krassimira Ivanova — Researcher; Institute of Mathematics and Informatics, BAS, Acad. G.Bonthev St., bl.8,
Sofia-1113, Bulgaria; e-mail: kivanova@math.bas.bg

llia Mitov — PhD Student of the Institute of Mathematics and Informatics, BAS, Acad. G.Bontchev St., bl.8, Sofia-
1113, Bulgaria; e-mail: mitov@foibg.com




16 11 - Intelligent Engineering

THE SENSOR WEB TESTBED FOR FLOOD MONITORING AND PREDICTION

Nataliia Kussul, Andrii Shelestov, Sergii Skakun

Abstract: In this paper we provide an overview of emerging Sensor Web paradigm and show several practical
issues of using Sensor Web technologies for real-world tasks. Issues under study include sensor description
using SensorML and database performance for serving observations data. This paper also shows an approach
for integrating standard Sensor Observation Service with Globus Toolkit Grid platform.
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Sensor Web Paradigm

The Sensor Web is an emerging paradigm and technology stack for integration of heterogeneous sensors into
common informational infrastructure [Mand! et al., 2006; Moe et al., 2008]. The basic functionality required from
such infrastructure is remote data access with filtering capabilities, sensors discovery and triggering of events by
sensors conditions.

The Sensor Web is governed by a set of standards developed by the Open Geospatial Consortium [Botts et al.,
2007]. At present, the following standards are available and approved by consortium:

— OGC Observations & Measurements (http://www.opengeospatial.org/standards/om) — Common terms and
definition for Sensor Web domain;

— Sensor Model Language (http://www.opengeospatial.org/standards/sensorml) — XML-based language for
describing different kinds of sensors;

— Transducer Model Language (http://www.opengeospatial.org/standards/tml) - XML-based language for
describing the response characteristics of a transducer;

— Sensor Observations Service (http://www.opengeospatial.org/standards/sos) — an interface for providing
remote access to sensors data;

— Sensor Planning Service (http://www.opengeospatial.org/standards/sps) — an interface for submitting tasks to
SEeNnsors.

There are also standards drafts that are available from Sensor Web working group but not yet approved as official
OpenGIS standards:

— Sensor Alert Service — service for triggering different kinds of events basing of sensors data;

— Web Notification Services - notification framework for sensor events.

Sensor Web paradigm assumes that sensors could belong to different organizations with different access policies
or, in broader sense, to different administrative domains. However, existing standards stack does not provide any

means for enforcing data access policies leaving it to underlying technologies. One possible way for handling
informational security issues in Sensor Web is presented in the next subsections.



International Book Series "Information Science and Computing" 17

Sensor Web Flood Use Case

One of the most challenging problems for the Sensor Web technology implementation is a global ecological
monitoring in the framework of the Global Earth Observation System of Systems (GEOSS). Decision makers in
an emergency response situation (e.g. floods, droughts) need to have a rapid access to the existing data sets, the
ability to request and process data including the specific of emergency, and tools to rapidly integrate the various
information sources into a basis for decisions. In this paper we consider the problem of flood monitoring using
satellite remote sensing data, in-situ data and results of simulations.

The flood monitoring and prediction scenario presented here is being implemented within the GEOSS AIP
(Architecture Implementation Pilot, http://www.ogcnetwork.net/Alpilot). It uses precipitation data from the Global
Forecasting System (GFS) model and NASA's Tropical Rainfall Measuring Mission (TRMM,
http://trmm.gsfc.nasa.gov) to identify the potential flooded areas. Once the areas have been identified, we can
request satellite data for the specific territory for flood assessment. These data can be both optical (like EO-1,
MODIS, SPOT etc) and microwave (Envisat, ERS-2, ALOS, Radarsat-1 efc).

The problem of floods monitoring by itself consumes data from many heterogeneous data sources such as
remote sensing satellites (we are using data of ASAR, MODIS and MERIS sensors), in-situ observations (water
levels, temperature, humidity, etc). Floods prediction is adding the complexity of physical simulation to the task.

The Sensor Web perspective of this test case is depicted in Fig. 11. It shows collaboration of different OpenGIS
specifications of Sensor Web. The data from different sources (numerical models, remote sensing, in-situ
observations) is accessed through Sensor Observation Service (SOS). Aggregator site is running Sensor Alert
Service to notify interested organization of possible flood event using different communication mean. Aggregator
site is also sending orders to satellite receiving facilities using Sensor Planning Service (SPS) to get satellite
imagery only available by preliminary order.
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Figure 1. Sensor Web testbed for flood monitoring and prediction

SensorML Description of NWP Model

Sensor Modeling Language (SensorML) is the cornerstone of all Sensor Web services. It provides a
comprehensive description of sensor parameters and capabilities as well as sensor calibration lineage, measure
errors characteristics, response curves and other information about sensor. SensorML can be used for describing
different kind of sensors:

o Stationary or dynamic;

e Remote or in-situ;
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o Physical measurements or simulations.

Modelling and simulation are very important parts of environmental monitoring. The importance of different
models in the process of solving of real-world tasks was demonstrated in the previous part of this paper. Sensor
Web infrastructure should be able to integrate modelling data and provide remote data access for the as well as
other Sensor Web features like discovery, sending orders, etc.

At the bare minimum, SensorML description should contain general information about sensor (time and
geographical extents, contact persons, etc) and lists of inputs and outputs. SensorML input could be either
physical phenomena or some external measured value. The first case applies to physical measuring devices and
second — to models and simulations.

We have tried to describe weather modelling process using WRF [Kussul et al., 2009] numerical model in terms
of SensorML. There are nearly 50 inputs and 20 outputs for basic WRF configuration. It's obvious that information
density of inputs and outputs descriptions in SensorML is quite low and each of them requires quite significant
amount of XML code to be properly described. The problem lies in very verbose description of multidimensional
data. Three- and four- dimensional data arrays are very common in environmental modelling but SensorML
provides poor experience regarding them.

Authors have raised this problem during thematic meeting and hope that next revision of SensorML will include
some elements for simpler description of multidimensional data.

Sensor Observation Service Implementation

In order to provide access to hydrometeorological observations over the regions of interest we have deployed
Sensor Observation Service implementation on the site of Space Research Institute of NASU-NSAU. We have
studied two possible implementations of SOS for particular task of serving temperature sensors data.
Implementations under study were:

e  UMN Mapserver v5 (http://mapserver.gis.umn.edu/)

o 52North SOS (http://52north.org/)

The advantages and disadvantages of these solutions can be summarized in the following table.

UMN Mapserver v5 52North SOS

-

1. Very good and reliable abstraction for different 1. SOS implementation is stable and complete

i data sources (raster files, spatial databases, 2, Platform-independent (Java-based)
‘% WFS, etc) 3. A part of wider Sensor Web implementations
§ 2. Simple application model (CGI executable) stack (SPS, SAS)
< 3. Wide set of features beside SOS 4. Open software

4. Open software 5. Source code is clean and easily reusable

1. SOS support is declared but far from being 1. No data abstraction: the only data source is
‘é’.,’ working implementation relational database of specific structure
‘E 2. Poor documentation on SOS topic 2. Database structure is far from optimal (strings
% 3. Strange plans for future development  as primary keys, missed indexes, etc)
-‘é’ (in particular, automatic SensorML generation) 3. Complex application model (Java web

application)

The best experience received was with 52North SOS server. Its main disadvantage is complex relational
database scheme. However it was possible to adapt existing database structure to the one, required by 52North
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using a number of SQL views and synthetic tables. The details of database adaptation are given in the next
section.

We have used 52North implementation for building a testbed SOS server providing data of temperature sensors
over Ukraine and South Africa regions. The server is available by URL http://web.ikd.kiev.ua:8080/52nsos/sos.

SOS output comes as XML document in special scheme, specified by SOS reference document. The standard is
describing two possible forms of results, namely “Measurement” and “Observation”. The first form is more
suitable to the situations when the service is returning small amounts of heterogeneous data. The second form is
most suitable for long time series of homogeneous data. The table below provides an example of SOS output in

these two forms and clearly shows the difference.
Measurement

<om:Measurement gml:id="0255136">
<om:samplingTime>
<Timelnstant xsi:type="gml:TimelnstantType">
<timePosition>
2005-04-14T04:00:00+04
</timePosition>
<[Timelnstant>
<lom:samplingTime>
<om:procedure xlink:href=
"urn:ogc:object:feature:Sensor:WMO:33506"/>
<om:observedProperty xlink:href=
"urn:ogc:def:phenomenon:0GC:temperature"/>
<om:featureOfinterest>
<sa:Station gml:id="33506">
<name>WMO033506</name>
<sa:sampledFeature xlink:href=""/>
<sa:position>
<Point>
<pos srsName="urn:crs:epsg:4326">
34.55 49.6
</pos>
</Point>
<Isa:position>
</sa:Station>
</om:featureOfinterest>
<om:result uom="celsius">10.9</om:result>
</om:Measurement>

Observation

<om:result>
2005-03-14T721:00:00+03,33506,-5@@
2005-03-15T00:00:00+03,33506,-5.2@@
2005-03-15T03:00:00+03,33506,-5.5@@
2005-03-15T06:00:00+03,33506,-4.6@@
2005-03-15T09:00:00+03,33506,-2.2@@
2005-03-15T12:00:00+03,33506,1.7@@
2005-03-15T15:00:00+03,33506,1.7@@
2005-03-15T18:00:00+03,33506,2.4@@
2005-03-15T21:00:00+03,33506,-0.7@@
2005-03-16T00:00:00+03,33506,-1.4@@
2005-03-16T03:00:00+03,33506,-1.1@@
2005-03-16T06:00:00+03,33506,-1.1@@
2005-03-16T09:00:00+03,33506,-1.3@@
2005-03-16T12:00:00+03,33506,0.5@@
2005-03-16T15:00:00+03,33506,1.7@@
2005-03-16T18:00:00+03,33506,1.5@@
</om:result>

Database Issues

The database of hydrometerological information of Space Research Institute of NASU-NSAU contains nearly 1.5
millions of records with observations started at year 2005 to the present moment. The data is stored in
PostgreSQL database with PostGIS spatial extensions. Most of the data records are contained in single table



20 11 - Intelligent Engineering

‘observations’ with indexes built over fields with observation time and station identifier. Tables of such volume
requires some special handling so the index for time field was clusterized thus reordering data on the disks and
reducing the need for I/O operations. Clusterization of time index reduced typical queries times from 8000 ms to
250 ms.

To adapt this database to the requirements of 52North we have created a number of auxiliary tables with
reference values related to SOS (such as phenomena names, sensor names, regions parameters, etc) and a set
of views that transforms underlying database structure into 52North scheme. 52North’s database scheme uses
string primary keys for auxiliary tables instead of synthetic numerical and is far from optimal in sense of
performance. It doesn’t have strong impact on performance with record counts in these tables less than one
hundred but will surely cause problems in large-scale SOS-enabled data warehouses.

The typical SQL query from 52North service is quite complex (see listing below). An average response time for
such query (assuming one month time period) is about 250 ms with PostgreSQL running in virtual environment on
4 CPUs server with 8GB of RAM and 5 SCSI 10k rpm disks in RAID5 array. Increasing of query depth results in
linear increasing of response time with estimate speed of 50 ms per month (see Fig. 2).
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Fig. 2. Dependency between depth of query and response time

Sensor Web SOS Gridification

Sensor Web services like SOS, SPS and SAS, can benefit from the integration with the Grid platform [Foster,
2002; Fusco et al., 2007; Shelestov et al., 2006] like Globus Toolkit (htpp://www.globus.org). Many Sensor Web
features can take advantage of the Grid platform services, namely:

— Sensors discovery could be performed through the combination of Index Service and Trigger Service;

— High-level access to XML description of the sensors and services could be made through queries to the Index
Service;

— Grid platform provides a convenient way for the implementation of notifications and event triggering using
corresponding platform components [Humphrey et al., 2005];

— Reliable File Transfer (RFT) service [Allcock et al. 2005] provides reliable data transfer for large volumes of
data;

— Globus Security Infrastructure [Welch et al., 2003] provides enforcement of data and services access policies
in a very flexible way allowing implementation of desired security policy.

We have developed a testbed SOS Service using Globus Toolkit as a platform. Currently, this service works as a
proxy franslating and redirecting user requests to the standard HTTP SOS server (see Fig. 12). The current
version uses client-side libraries for interacting with the SOS provided by the 52North in their OX-Framework. The
next version will also include in-service implementation of SOS-server functionality.
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Fig. 3. Grid-based SOS service implementation

Grid service implementing SOS provides the interface specified in the SOS reference document. The key
difference between the standard interfaces and Grid-based implementations of the SOS lies in the encoding of
service requests. The standard implementation uses custom serialization for the requests and responses, and the
Grid-based implementation uses standard SOAP encoding.

To get advantage of the most Globus features, the SOS service should export service capabilities and sensor
descriptions as WSRF resource properties (Foster 2005). Traditionally, the implementation of such properties
requires translation between XML Schema and Java code. However, the XML Schema of the SOS and related
standards, in particular GML (Humphrey et al. 2005), is a very complex one, and there are no available program
tools able to generate Java classes from it. We have solved this problem by storing service capabilities and
sensor descriptions data as DOM Element objects and using custom serialization for this class provided by the
Axis framework that is used by the Globus Toolkit. Using this approach, we can not access particular elements of
the XML document in object-oriented style. However, the SOS Grid service is acting as proxy between user and
SOS implementation, so it does not need to modify XML directly. With resource properties defined in this way, we
can access it using standard Globus API or command line utilities.

Conclusions

Despite of immaturity of Sensor Web technology stack it can provide good experience in serving heterogeneous
data of in-situ observations. SOS implementation for serving geospatial raster data that is important for remote
sensing data are yet to be implemented. SensorML descriptions of complex environmental models are too
verbose. To allow wide use of models in Sensor Web environment some changes should be made in SensorML
to shorten descriptions of multidimensional inputs and outputs. Integration with Globus Toolkit Grid platform
allows Sensor Web service to take advantage of robust information management features of Grids as well as
mature mechanisms for data access policy enforcement.
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MODELING OF TRANSCUTANEOUS ENERGY TRANSFER SYSTEM
FOR AN IMPLANTABLE GASTROINTESTINAL STIMULATION DEVICE

Joanna Liu C. Wu, Damian |. Kachlakev, Martin P. Mintchev

Abstract: This study models a transcutaneous energy transmission system which can supply DC power to an
implanted device without an external battery. The goals of the study are to: (1) develop a model to describe the
transcutaneous energy transmission system; and (2) use the developed model to design a transcutaneous
energy transmission system for an implantable gastrointestinal neurostimulator. The complete trancutaneous
energy system includes a power amplifier, a highly inductive coupling structure, and an ac-to-dc rectifying circuit
in the receiver. Power amplification is based on the single-ended class E amplifier concept. The power
amplification stage is self-oscillating, and the oscillation frequency is influenced by the coupling of the coils. The
highly inductive coupling structure employs the stage tuning concept. Design methods and detailed analysis are
provided. The proposed model is verified through the implementation of the design.

Keywords: computer modeling, neurostimulation, gastrointestinal disorders

Conference: The paper is selected from Seventh International Conference on Information Research and Applications -
i.Tech 2009, Varna, Bulgaria, June-July 2009

1. Introduction

1.1. Gastrointestinal Stimulation

In the recent years, more and more scientific groups are interested in applying functional electrical stimulation to
restore impaired motility in the gastrointestinal tract [1-11]. There are four distinct methods for Gl electrical
stimulation. The first method is to entrain slow wave activity in both animals [4] and humans [3] by “pacing” the
organ at a frequency slightly higher than the intrinsic slow wave frequency, and approach similar to cardiac
pacing. The second method applies current stimulation at 4-40 times the intrinsic slow wave frequency and has
been reported to have some antiemetic effect. The most recent stimulation technique is known as neural
gastrointestinal electrical stimulation (NGES) [12, 13]. This approach involves voltage stimulation at 50 Hz
delivered through matched pairs of electrodes implanted in the smooth muscle of the stomach wall. The effect of
this approach has been shown by accelerated microprocessor-controlled gastric emptying of both solids [10] and
liquids [11] in the stomach, as well as by increased colonic transit in both acute and chronic canine models.

The success in the implementation of an NGES system is intimately and directly related to the development of a
fully implantable but externally controllable multichannel device. Powering such implanted device becomes a
principle challenge. There are four widely accepted techniques for powering an implanted device: (1)
Conventional wire cord (focusing on the biocompatibility of the shielding materials), (2) stand-alone implantable
battery, (3) radio frequency (RF, transcutaneous inductive) link technologies, and (4) a combination of (2) and (3)
using implantable stand-alone rechargeable batteries.

1.2. Aim of the Present Study

The purpose of this feasibility study is to design a transcutaneous power transfer system for a neurostimulator
design aiming at restoring impaired gastrointestinal motility. The first mention of powering an implanted device
through a transcutaneous inductive coupling link was in 1934 [5]. The practical attempts appeared in the late
1970s [13]. There are two distinct paradigms for designing such a system. One paradigm is known as a loosely
coupled link [14] which has a low degree of coupling between the transmitting and the receiving coils, while the
other one is highly coupled inductive link, which has a relatively high degree of coupling between the coils. The
highly coupled inductive link assumes transmitting and receiving coils of approximately the same size [15] and is
the design aim of this project.
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2. Methods

In the present study, the design of a highly coupled inductive link was considered.

2.1. Design Requirements

The voltage to be delivered to the implanted device would be in the range of 10 to 20 V DC for implanted
stimulator current drawing between 0 and 50 mA [22]. The minimum and maximum equivalent loads are 200 Q
and 100 kQ respectively [20]. The design requirements are presented in Table 1.

Design Requirement Value
Minimum load voltage, Viaq 10V
Maximum load current, liaq 50 mA
Minimum value of load, Radmin 200Q
Maximum value of load, Risadmax 100 KQ
Power delivered to Ripad 500 mW

Table 1: Highly coupled inductive link design requirement

2.2. Design Procedure
The design procedure of a stagger-tuned inductive link is outlined in [15] and is briefly described below.

It has been demonstrated already that the minimum variation of gain of the inductive link occurs at 1.6 MHz. In
the following procedure, it is assumed that the inductive link operates at an operating frequency of f, = 1.6 MHz
and the DC supply of the link is 9V.

2.2.1. Spiral Coil Design

In this project, the transmitter and receiver coils are both spiral coils and approximately of the same size. The
methods used in calculating the self-inductance of such coils and the mutual inductance between the two coils
have been previously reported [23, 13]. The calculation of the self-inductance of the spiral coils is based on the
assumption that the spiral coils can be modeled as coaxial circular loops of wire.

I Calculation of the self-inductance of a spiral coil
The self-inductance of a single loop of wire can be calculated by:
8a
L(a,w)=palln| —|-2 1

(W uo( & J ()
where a is the radius of the single loop, w is the radius of the wire, and , is the magnetic permeability of the free
space.
The mutual inductance of two spiral coils whose axes are parallel can be presented by:

M(a,b,p.d) ;um/%{[%—kj]((k)—%E(k)} 2)

2
where f = L
(a+b)%+q?

and where a and b are the radii of the two loops, d is the distance between the two loops, p is the axial
misalignment, and K and E are the complete elliptic integrals of the first and second kind, respectively.
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The self-inductance of such a coil is approximately equal to the summation of self-inductances of single loops,
and with wire-radius w, the overall self-inductance is represented by:

N, N.N,
L.= ZIL(ai’W)+ zl ZlM(ai,a 2p=0,d=0)1-5, ) (3)
1= =l j=

where §;; = 1fori=j, and ;; = 0 otherwise.
II. Calculation of mutual inductance between two spiral coils
The mutual inductance between primary and secondary coils can be calculated by:

N.N,
M =22 M(ayb; p.d) )

i=1 j=1

However, Eq. (4) is valid for the case with axial misalignment only. To calculate the exact mutual inductance

between two coils with simultaneous axial and angular misalignments, an approximation is provided as:

M(a,b,p,d) 5
Jeosa

where a is the angular misalignment. Once the calculation method of self-inductance of a spiral coil and mutual

inductance of two spiral coils is introduced, the parameters of transmitter and receiver coil orientations need to be
determined. The constraints of the design are listed in Table 2.

M(a,b,p,d,a)=

Coil Separation 0.5cm-2.0cm
Axial Misalignment Ocm-+1.0cm
Angular Misalignment 0°-20°
Diameter of transmitter and receiver coil 5cm

Table 2: Highly coupled inductive link coupling constraints

Matlab code was developed for calculating the self-inductances and the mutual inductance of the transmitter (L)
and the receiver (L) coils, based on the outlined constraints. The maximum and minimum coupling coefficients,
kmax and kmin, are then calculated according to Eq. (6) and (7), respectively.

= 6

K max /_LtLr (6)
- = — 7
femin VL:L, 4

Furthermore, in order to determine the optimal number of turns, the Matlab Design Tool was used to vary the
number of turns in the transmitter and receiver coils, and to compare the performance of the resulting links.
Increasing the number of turns in the two coils reduced the variation in the load voltage, and enhanced the overall
efficiency of the link. For this design, 10-turn spiral coils were chosen for the transmitter (n;) and the receiver (n;).
When the space between concentric turns of the coils was approximately 1.18 mm, the geometry of these coils
resulted in a self-inductance L, L= 4.07 pH, with coupling coefficients Knin= 0.26 and kmax = 0.82.

2.2.2. Choosing the Operating Frequency f,

In order to minimize the amount of magnetic field absorbed by the abdominal tissue, the frequency should be
chosen to be as low as possible, since the absorption increases exponentially with frequency [25]. However, the
power transfer capability of the inductive link improves with increasing operating frequency. In addition, it has
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been already demonstrated that at a frequency of approximately 1.60 MHz, the variation in the gain is minimized
[15]. Therefore, the frequency of f, = 1.6 MHz was chosen as an operating frequency of the link.

2.2.3. Choosing the Resonant Frequency of the Receiver, f;

The resonant frequency of the receiver was chosen such that ./ f,> 1. The trade off is that as £,/ f,increases, the
overall voltage output gain increases. In other words, if the overall gain is too small, the ratio of f;/ f, should be
moved away from unity. However, if the ratio of f;/ f, increases, the overall gain variation also increases. To
determine the optimal ratio of f./ f,, Matlab Design Tool was used to vary f./ f, and to compare the performance of
the resulting links. Figure 1 shows different performances of the links with different ratios of f./ f,. After examining
the magnitude and the variation of the load voltage for a set of values of f;/ f,, it became apparent that for f;/ f, =
1.2, the load voltage variation was minimized. This means the resonant frequency of the receiver was f,= 1.92
MHz. The value of the shunt capacitor C, can be calculated as follows:

(8)

Load Voltage(v)

1
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(c)
Figure 1: Load voltage over entire design space. (a) fr/fo=1.1. (b) fr/fo=1.2. (c)fr/fo=1.4.
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2.2.4. Choosing Resonant Frequency of Transmitter, f;
Next, the resonant frequency of transmitter, f;, is calculated by Eq. (9) [11].

In which

kopt:\/kminkmax (11)
oL 5 _
Qt_ Rt ! Qr

With the determined tuning ratio, f./ f,, the receiver resonant frequency was determined with Eq. (2.5.13), and the
transmitter resonant frequency was calculated as f; = 1.12 MHz. The tuning capacitor of the transmitter is

c=— (13)
o L,
Finally, Matlab Design Tool was used to determine the maximum and the minimum DC load voltages from the
highly inductive link in order to specify the tolerance for the voltage regulation and other components for the rest
of the transcutaneous energy transfer system. The plot of the maximum and the minimum load voltages for the
inductive link is presented in Figure 2.

R,
ol (12)

7
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Figure 2: The maximum and minimum load voltage for the highly coupled inductive link.

3. Results

3.1. Spiral Coil Characterization
In order to reduce the power losses in the transmission load, Litz wire was used to make the spiral coils. Both the
transmitter and the receiver coils were constructed using 270/46, 22 Gauge equivalent Litz wire (New England
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Electric Wire Corp., Lisbon, NH, USA). The number of turns in both coils was 10, and space between concentric
turns of the coils was approximately 1.18 mm. There are two methods employed to validate the coil models, as
described in Section 2.5.2.1. The first method is to use an LCR meter to extract the self-inductance and the
equivalent series resistance (ESR) values from the coils. The values extracted from RLC meter for frequencies of

120 Hz, 1 KHz, and 10 KHz are presented in Tables 3, 4, and 5 respectively.

Measured Self-inductance | Calculated Self-inductance Percent Difference ESR
(uH) (uH) (%) (mQ)
Transmitter coil 4.0 4.07 1.72 170
Receiver coil 4.05 4.07 0.49 170
Table 3: Self-inductance and ESR values extracted from RLC meter in 120 Hz
Measured Self-inductance Calculated Self-inductance Percent Difference ESR
(uH) (uH) (%) (mQ)
Transmitter coil 3.58 4.07 12.01 168
Receiver coil 3.77 4.07 7.37 168
Table 4: Self-inductance and ESR values extracted from RLC meter in 1 kHz
Measured Self-inductance Calculated Self-inductance Percent Difference ESR
(uH) (uH) (%) (mQ)
Transmitter coil 3.53 4.07 13.26 168
Receiver coil 3.71 4.07 8.85 168

Table 5: Self-inductance and ESR values extracted from RLC meter in 10 kHz

Measured values of self-inductance at a low frequency (120 Hz in this case) agreed with the calculated values,
while the percent difference between measured and calculated values increased with the increment of the
operating frequency. This means that the self-inductance value of a spiral coil changes when the operating
frequency changes. Alternatively, a testing circuit was implemented to extract these same values. In the circuit, R
was 10 Ohm and C was 1.78 nF. An HP 33120A function generator was used to drive the circuit. An Agilent
54621D oscilloscope measured the output voltage of the coils Vou. [If the resistance of the circuit was small, the

resonant frequency occurred atwL:%. Also, the resonant frequency occurred when the impedance

w
reaches maximum. The frequencies used for characterizing the circuit varied from 100 Hz to 3 MHz. Matlab
Design Tool was used to plot the output voltages of the coil at various frequencies (Figure 3).

Observing Figure 3, the resonant frequencies of the transmitter and the receiver coils were 1.9 MHz and 2.0 MHz,

1
27 ¥ C

respectively. According to L = , the self-inductance of the transmitter and the receiver coils can be

calculated.
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Output Gain vs. Operating Freguency - Transmitting Coil
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Figure3: Frequency response of spiral coils. (a) transmitter coil; and (b) receiver coils.

The values of the self-inductance of the coils are shown in Table 6.

Measured Self-inductance Calculated Self-inductance Percent Difference
from resonant circuit (uH) (UH) (%)
Transmitter coil 3.52 4.07 13.5
Receiver coil 3.50 4.07 14.0

Table 6: Self-inductance values extracted from parallel resonant circuit

Comparison between the data from Tables 3, 4, and 5 shows that there is a gap greater than 10% between the
measured and calculated values when frequency is higher than 1 kHz. The values in Table 6 were extracted
from the frequency response of the resonant circuit. The circuit was built on a breadboard. The breadboard
might affect the performance of the circuit. As a result, the difference between measured and calculated values
in the above tables is reasonable, since the value of calculated inductance is frequency independent and the
measured values of the self-inductance decrease with increasing the operating frequency. To obtain a more
accurate result at the operating frequency of 1.6 MHz, a network analyzer is recommended.
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3.2. Implementing the Highly Coupled Inductive Link

The implementation of the highly coupled inductive link is based on the coils characterized in the previous
section. First, the implementation of the transmitter begins with the calculation of the component values of class
E power amplifier according to the methodology described in Section 2.4. The values of the choke inductor, the
parallel capacitor, and the series capacitor are listed in Table 7 below.

Component name Value
Chock inductor, Lcpock 33 uH
Parallel capacitor, C, 12 nF
Series capacitor, C; 3.3nF

Table 7: Calculated values of the components in the transmitter

Second, the shunt capacitor and the filter capacitor in the receiver need to be determined. The value of the filter
capacitor Cr can be calculated according to the voltage rise time required by the stimulator unit described in [21].
The values of both components, C,and C; are presented in Table 8.

Component name Value
Filter capacitor, Cy 15 nF
Shunt capacitor, C 1.2nF

Table 8: Calculated values of component in the receiver

3.3. Highly Coupled Inductive Link Testing

The measurement of the DC output voltage with various load resistances was based on a coil separation of 1.8
cm with an axial misalignment of 0° and an angular misalignment of 0°. The values of the resistive load varied
from 100 Q to 3.3 kQ. The measured and calculated results are present on Figure 4.

Load voltage as a function of load resistance

I
alcultated
4 MHz

5 MHz H
=1

T
G
= 1
. 1

15 MHz

Load Valtage(v)

E‘D SSD 1DIDD 15IDD QD‘DD 25IDEI SDIDD 35IEID 4DIDD 45IDD 5000
Load Resistance(Chrn)

Figure 4: Measured and calculated values of the highly transcutaneous inductive link

with various load resistances.

Figure 4 depicts the difference between the measured maximum and minimum load voltages, which is minimized
when the operating frequency is 1.6 MHz. However, the difference between the calculated (ideal case) and
measured load voltages is maximized at the same frequency. It is observed that the maximum variation between
the measured maximum and minimum load voltages occurs at 1.4 MHz. To optimize the transcutaneous
inductive link, 1.5 MHz is chosen as the operating frequency for the link, instead of 1.6 MHz,.
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3.4. Power Transfer Efficiency

One may be interested in the overall power transfer efficiency n of a highly coupled transcutaneous inductive link.
Under a typical coupling condition, with a coil separation of 15 mm, and 5 mm of axial misalignment, the overall
DC power from the transmitter was delivered to a DC load ranging from 100Q to 3200Q,as presented in
Figure 5. The overall energy transfer efficiency of the transcutaneous energy transformer is presented in Figure 6.

Figure 5 reveals that the overall energy transfer efficiency is maximized at 33% when the DC load, Ryaq, is 100Q.
When Ryaqis 2009, the efficiency reaches 28%.
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Figure 5: Input power from the transmitter, Figure 6: Overall power transfer efficiency
calculated and measured power to the implanted load of the highly transcutaneous inductive link.

Conclusion

In this study a comprehensive design and testing of a transcutaneous energy transfer system for an implanted
system is provided, specifically targeted for gastrointestinal stimulation. The robust modeling of the
transcutaneous transformer has been validated through the design, implementation, and testing stages. The
measured results for the transformer are in a good agreement with the predicted values.
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COMPARISONG: AUDIO COMPARISON ENGINE

Georgi Dzhambazov

Abstract: In this paper we present CompariSong - a resolver of the query by humming task for a real
audio information system. It compares a database of popular songs with a hummed-by-user melody
and returns the closest matches. The proposed system performs audio indexing based on perceptual
characteristics of the songs rather than the hitherto applied approach that uses manual metadata like
text tags. We extract low-level audio features and transform them into a tangible indexing format. Then
searching mechanism is applied that is based on comparison between the shape of the time series of
extracted features. CompariSong is a step towards intelligent audio analysis as it uses a comparison
criteria derived from natural human hearing.

Key words: audio indexing, Query by Humming (QBH), audio features extraction, feature
transformation, data mining
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Presentation - Sound and Music Computing
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Introduction

Today digital audio information systems play a key role. Current information retrieval in the field is largely based
on manually entered textual metadata like artist, title or style and relies on search techniques like document
indexing. However these are not able to reflect the abstract perceptual information present in the audio signal
itself.

This work presents an engine CompariSong that addresses the query by humming (QBH) problem. It is the
scenario in which a user hums a query melody and searches for a closest match in a music database. The
System compares the hummed melody line with the main vocal line of each target piece. The comparison criteria
are based on the shape of time series of selected audio characteristics. These are first extracted from audio
entries and then analyzed and transformed in a tangible for comparison format.

Our database consists of audio files that are vocal-only counterparts to real polyphonic popular songs, e.g.
melodies with no background instruments.

The paper is organized as follows: we first describe what the components of the system are. Afterwards each
component is described in detail. Then implementation considerations are outlined followed by analysis of related
work. In the end we summarize the importance of the proposed system and point out some future work.

System Decomposition

The proposed system CompariSong consists of three logical parts that are depicted in figure 1. : Preprocessing,
Indexing and Comparison. Preprocessing is concerned with extracting the main voice party from each polyphonic
recording from the initial music database. The Indexing part is essentially analysis of the characteristics of the
audio entries and preparing them for comparison. Indexing itself consists of two parts: Feature extraction and
Quantization. The indexing phase is applied first to each song from the database and then to the query. The
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Comparison part conducts the search. It first calculates similarities between each entry from the database and the
query and then ranks them.

Preprncessz_ngl Indexlngl Comparlsonl
_I Feature extraction _l
Voice Filtering| [~~~ = - - - - = Similarity measuring
Ouantizationl

Figure 1. System Components

Preprocessing
Voice Filtering

Typical users querying the system would hum patterns from vocal melody, but not instrumental melodies.
Therefore we are interested in extracting the leading voice part from database entries and then working only with
it further. This is needed because in polyphonic audio multiple instrumental parts are mixed into a one-track
signal which dissolves information for the separate instruments and voices. Filtering leading melody directly from
pop music is prone to errors. Melody line is normally outlined by a dominating over the background instruments
lead singer. However, on feature extraction simply taking the tones with maximum feature value does not exclude
random notes from rhythm or back-vocals with high intensity that are weaving in the melody line.

The current work does not implement a vocal filtering phase. lIts application would result in unreliable results
since for this problem there is no universally effective algorithm devised so far. Instead we construct manually a
database of vocal-only counterparts to the real polyphonic popular songs in the original database.

Indexing
Feature Extraction

Audio features are typically divided to low-level and high-level. We will make use of low-level audio features:
once extracted from the audio signal, a low-level feature is ready to be used without any further processing.
Digital audio signal is a function of time and consists of sequence of samples [5 Steiglitz]. In order to retrieve
genuine information about some audio descriptor we use an extraction method that analyzes the signal on a per-
window basis. The windows are equal-sized intervals of samples of length less than a second. They are the
smallest logical audio units. Any audio feature is a parameter defined for a given time window and therefore is
also a function of time. After feature extraction we arrive at time series of scalar feature values with length equal
to the number of the windows in the analyzed song.

A judgement for the size of the window used could be argued. We adopt a 1/8 of a second window to reflect the
most common minimal musical unit - namely the length of a sixteenth note in moderate (120 bpm) tempo.

The following audio descriptors are taken into account in the current work.

Melody contour

Each audio signal has a wide spectrum of frequencies at a given moment. Only one of them however is important
for the audible pitch of the signal. This is the frequency of the tone with strongest audio power. Althogh not
always the case, it usually determines the pitch of the sounding tone. Therefore a strongest frequency is taken as
a good estimate for pitch of the tone. The sequence of the pitch characteristic defines the contour of the melody
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line. Figure 2 presents an example of a melody contour. Tones in the melody are presented by dark
parallelograms. On the vertical axis is pitch and on the horizontal time. A wider parallelogram means a longer
tone. A higher one indicates higher pitch.

Figure 2. Melody Contour for Yesterday by Beatles
Audio Power Contour
Relative Audio power describes the average intensity of the signal for a given time window. The varying intensity
and the pitch of a sung melody are closely related. Accents normally emphasize specific melody parts and outline

patterns. The contribution of relative power is undisputable due to the fact that even if users sing false they tend
to regenerate the accent sequence within a melody.

Quantization

After extracting features from the signal we arrive at feature values in the form of raw numeric time series. A
quantization to a discrete alphabet transforms the data into sequence of symbols {A, B, ...} and is proposed by [6
Stober]. Quantization consists in defining a lookup table that presents a set of bin values that divide the range of
a given feature distribution into equally-sized intervals. Such a table is presented in figure 3. Important parameter
is the size of the alphabet and the corresponding interval width. This is adjusted empirically for each feature.

lookup table
0-10 A,
11-20 B
21-30 C
31 - 40 ]
{11, 23, 7,14,10, 343 00| > {B,C,A,B,A, D}
Quantization

Figure 3. Quantization method

We introduce a fragmentation step at which the time series of feature values of a target song is divided into
fragments with size equal to the size of the query. Then discretization takes place locally for a fragment, but not
for the target as a whole. A local lookup table is constructed for each fragment individually. This includes taking
the local minimum value of the feature distribution as a starting bin value. Working in fragments slows down the
algorithm but is more precise. Additionally, it assures that a bias caused by a global minimal value that is an
outlier would be avoided.

The symbolic representation allows us to use a well-known similalrity measure algorithm. Other advantage of the
string format is that it reveals common patterns and shapes and makes the time series more legible [6 Stober].
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Furthermore, discretization to a common alphabet normalizes time series of target piece and query with respect
to absolute value of the series values.

Comparison
Similarity measuring

In this part the system compares the shape of the time series of each feature. Our engine aims at determining the
target song with closest shape of the observed audio descriptors. Comparison is essentially the process of
measuring the similarity between the string fingerprints. Figure 4 illustrates the shape of the parameter audio
power for a target and a query. On the horizontal axis are the time samples and on the vertical is the value of the
feature. The third diagram shows how the query is “slid” through the target until finding the best match.

Target: audio power
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Figure 4. Comparison of shape of time series for the audio power feature

For a target song each audio descriptor is compared individually. For each descriptor the same common distance
metric is defined — it computes a numeric distance from the query to a target song.

We apply a metric called shift edit distance that is based on the proposed by [1 Duda] continuous edit distance. It
is in turn based on the Levenstein distance metric which calculates the number of operations needed to alter a
string - symbol by symbol - so that in the end it equals another one [7]. The more operations, the more different
the strings are. Each alteration operation has a cost weight assigned, which is in theory a fixed discrete number
independent on the specific string symbols involved in the operation.

Continuous edit distance introduces non-discrete costs in order to tolerate melody tones with different but close
characteristics. We apply the following formula (1) for a replacement operation. Here X and Y are some symbols
of the alphabet and cost(X,Y) is the cost of replacing a symbol X with Y

dist(X,Y)
size of alphabet

cost(X,Y) = ; dist(X,Y) = |index(X) - index(Y)| (1)
Before any comparison is conducted the target is divided into fragments as explained in the Quantization part.
The shift edit distance takes place in windows starting at the first fragment and shifting at one position to the right
so that the pieces are overlapping. This way all possible parts of the target song are compared each in turn with
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the query. Figure 5 illustrates that process with target of length 8 symbols and query of length 5 symbols. Here 3
shifts and 4 comparisons are needed. Each square represents a window.

0 1 2 3
Target piece

Query piece at position 0

Query at position 1

Query at position 2

Query at position 3
Figure 5: Shift Edit Distance

The distance of the query to a fragment is the sum of all letter-by-letter costs. As final feature distance only the
recorded minimal fragment distance is considered as it is the closest match for the target song.

In order to define an overall feature distance we need to merge all feature distances into a quantitative metric that
is defined by the formula:

overall distance = > (weight*feature distance); > weights=1 (2)
Weights are assigned in order to emphasize some features. For the current work empirical weight adjustment

showed that the pitch is equally deterministic measure to the power level, which led to two equal weights of 0.5.
The final step comparison engine commences is ranking of the results according their assigned distance.

Implementation

An implemented version of the current work was developed using java programming language. It is a desktop
application with simple and intuitive GUI using the library Standard Widget Toolkit (SWT).

For extracting the features a reliable descriptor analyzer tool called jaudio [8] is applied. For the current
implementation we rest on the ,fundamental frequency via FFT maximum® as pitch estimator and the ,Root Mean
Square” (RMS) as an audio power estimator.

Related work

QBH research was first successfully conducted for databases that consist of MIDI entries in [2 Ghias]. However
as MIDI lacks the perceptual completeness of real-performance recordings they are less intuitive to a user.

In [6 Stober] and [3 Hung Ming] a QBH system for polyphonic melody is presented. He proposes quantization
based on the distribution of feature values for each song. This ensures that the alphabet is optimally utilized for
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each song. We however, take even more precise approach by taking into consideration fragments of the target
song.

In [4 Lin] a thorough hierarchy of different approaches for representation of time series of a given parameter is
listed.

Conclusion

In the current work we presented CompariSong: an audio comparison engine. it is a step towards intelligent audio
analysis as it uses a comparison criteria perceptual audio characteristics typical for natural human hearing.

Although it works with sung target database, that is manually annotated, we deem that a robust melody extraction
method could be easily integrated, which will allow the application of the engine to real audio databases directly.
This could be achieved for example through a vocal filter. Additionally, a web service could be integrated in order
to discover and load an exhaustive on-line target music collection. These would make the system practically
more applicable.
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Gulsen Soyhan, Sami Toksoz, Gokhan Coskun, Yalcin Topacoglu,
Burak Gokalp, Dundar Bayram

Abstract: In this study an Ecohouse application which uses sustainable and renewable energy sources with
efficiently and effectively was described. In this context, some information is given on renewable energies
especially about solar energy in Turkey and describes the importance for Ecohouse. For designing Ecohouse,
solar collector, solar and ground source heat pump systems and battery use was considered and described how
this system works and applies.
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1. Introduction

Today, energy provision has become one of the basic problems for humanity. Energy requirements increase in
parallel with technology developments. Development as a measure of the energy consumption increased the
demand for fossil fuel origin also increases with [1]. In Turkey and the world demand for fossil fuels will
increasingly have become inevitable to global warming impacts. Between 1980-1999, investigations judged that
until 2100 1.8 to 4.0°C increase in temperature is expected. As a source of primary energy use of renewable
energy resources are continuing efforts to spread [2].

The rapidly increases of population and growing energy needs of the industry's limited resources against is,
energy production and consumption of the gap between growing and available resources are not enough to the
environment and human health and prevent adverse effects such as cases in the future are dragging us into
pessimism. Global energy consumption expecting to two times more in 2035 three times more 2055 according to
1998. In response to meet these needs now is the fossil fuel reserves are depleted more quickly. Considering the
current conditions of energy use by even the most optimistic estimates of il reserves will be largely exhausted at
the latest in 2030 and can not meet the need is considered. It's expecting about 80-100 years coal reserves and
about 100-120 years natural gas will be exhaust [3].

Widely using the traditional energy resources, housing, transportation and industrial sector makes the problem
even more complex. It's known that big part of Turkey’s energy is consumed in the industrial and housing,
housing for a large portion of energy used for heating. The difference opened further each passing day between
energy consumption and production. Energy consumption by sector statistics is given figure 1.
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Figure 1. Energy consumption by sector statistics
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It's possible to investigate energy sources to in three main headings. The first one is that after being removed
from the coal is consumed without any processing, such as natural gas and petroleum resources. They are called
as primary energy sources. Obtained from the transformation of primary energy sources are electricity, coke, coal
gas, etc. The resulting energy from them is known as secondary energy source. The root of the world energy is
solar energy. Third is not exhausted, not falling 'renewable’ energy is due. New and renewable energy sources
are stated as follows:

- Hydroelectric energy;

- Solar energy;

- Wind energy;

- Geothermal energy;

- Wave energy;

- Ocean thermal energy;

- Hydrogen energy;

- Bioenergy.

As seen in Figure 2, in 21st century, primary energy sources are expected to be consumed by the prediction,
natural gas, coal, fossil fuels like oil, will reduce the use and is expected to be finished even. In close future, it is
likely to price increase on fossil-based energy sources and the formation of a serious bottleneck in parallel.
However, wind, solar, water, air, etc. the use of renewable energy sources are likely to increase rapidly in recent
years [2]. Figure 2 shows expected to change for the use of primary energy resources in the year 2100

primary energy applications per year other renewable energy
2000 2010 2020 2030 2040 2050 [Edia 2100 sources

1,600 = solar heating snergy
140D i solar energy
: wind
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W nuclear amergy

natural gas

! coal
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Figure 2 Expected to change for the use of primary energy resources in the year 2100 [2].

2. Solar Energy as Renewable Energy Sources

Renewable energy resource "Nature's own conversion to renewable energy sources may be available the next
day the same as" is defined. Fuel oil, gas, coal, bio energy and wind all, is derived from solar energy. Due to the
unstable structure and spread of solar energy it's expensive to maintain power directly. But it's clear structure, in
terms of costs to provide an effective solution that should not be ignored. Place, massive (large) to have a
structure, the solar energy reaching the earth to swallow and stored almost half of energy on by earth. Soil; at
heating season, a source at higher temperatures and external air for summer cooling, a lower air temperature by
providing a relatively constant temperature all year remains [4]. Turkey, because of its geographical position in
terms of solar energy potential is lucky according to many countries. Solar energy potential of Turkey according to
months for the duration of insolation is given in Table 1. According to table Turkey's average annual total
insolation duration of 2640 hours (daily total of 7.2 hours), average total radiation intensity of 1311 kWh/m2.year
(daily total of 3.6 kWh/m2). In Turkey, the smallest and the largest annual average value of the total radiation of is
respectively 1350 kWh/m2.year in the Black Sea region and 1750 kWh/m2.year in the Southeast Anatolia
region [2].
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Table 1. Monthly Average Solar Energy Potential of Turkey [5].

MONTHS MONTHLY TOTAL SOLAR | INSOLATION | MONTHS MONTHLY TOTAL SOLAR | INSOLATION

ENERGY DURATION ENERGY DURATION

(Kcallcm2month) | (kWh/m2month) | (Hour/month) (Kcallcm2month) | (kWh/m2month) | (Hour/month)
JANUARY 4,45 51,75 103.0 AUGUST 13,62 158,40 343,0
FEBRUARY 5,44 63,27 115,0 SEPTEMBER 10,60 123,28 280,0
MARCH 8,31 96,65 165,0 OCTOBER 7,73 89,90 214,0
APRIL 10,51 122,23 197,0 NOVEMBER 5,23 60,82 157,0
MAY 13,23 153,86 273,0 DECEMBER 4,03 46,87 103,0
JUNE 14,51 168,75 325,0 TOTAL 112,74 1311 2640

JULY 15,08 175,38 365,0 AVERAGE 308,0 3,6 7,2
cal/cm2-day kWh/m2-day hour/day

3. Ecological House With Renewable Energy Sources (Ecohouse)

With Ecohouse design is aimed to develop housing assembly systems which can be easily installed in every
house. This work is a solution in terms of importance represents for energy production and consumption between
the deficit to grow, rapidly growing population and developing the industry's energy needs against limited
resources and be unable to renew existing resources to the environment and human health and prevent adverse
effects such as despite negativity to produce.

"Renewable energy sources with Eco-House Design" primary purpose of the study, housing in the heating-
cooling energy and electrical energy costs to the minimum level of support, outside of energy to reduce
dependence and environmentally friendly energy usage to increase, to spread and make it attractive.

In this context, the most important features of work:

+Using indigenous energy resources for reduction of dependence on foreign energy.

+Reducing carbon dioxide emissions to help protect the environment.

+ Related to the promotion of domestic manufacturing sector to contribute to increasing employment.
+ Received widespread and strong support from the public

3.1. The Steps at Ecohouse Design

To be able to meet electricity needs in the Ecohouse house Design solar batteries can be installed to the south
direction of the roof. Hot water needs are met from mounted solar collectors. To meet the need of home heating
and cooling land-source heat pump is intended to be mounted. Polyethylene welded pipes can be laid horizontal
or vertical resources at the home garden. If solar collectors can’t meet the needs of hot water, heat pumps are
provided to circuit into.

Household electrical appliances energy consumption will be measured by power and energy measuring devices.
Horizontal and inclined surfaces in the house from the roof of the average values of solar radiation and insulation
duration will be measured by using measuring devices called piranometre. Cost and efficiency in terms of single-
crystal silicon with different structure, multi-crystalline silicon and thin film amorphous silicon solar battery of the
solar system have produced will be compared with energy gain. Solar battery, invertors and charge regulator will
be selected by using obtained values. Electric energy production is insufficient to reveal the circumstances will be
taken from the network power. Kitchen and bathroom have needs hot water. The hot water demand system will
use solar hot water commutator. Solar energy system inadequate heating and cooling purposes in cases where
the heat pump will be installed soon. Heat pumps will be connected to the hot water tank.

Thermal heat loss and gain of the house are photos by camera and if it's necessary insulation will be done in the
region. Summer conditions and winter conditions in the cooling system that enables us to make heating
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mechanism can be installed in land-source heat pumps. The system to be designed for the house of heat loss
and gain will be calculated. Save for heat exchange with the six soil properties and soil analysis will be done to
determine soil. Source-side heat exchangers will be used in special polyethylene pipe. Installed by the air
channels, the space heating, air conditioning, fan-coil, radiator, etc. methods can be used.
With the efficiency of the survey the following questions must be questioned;

1. Total energy savings features of the house how to contribute?

2. Compared with the same size as a standard Turkish Construction how much energy is consumed?

3. For the development of energy efficiency savings to be tried What's the path?
3.2. Systems that used at Ecohouse Design

3.2.1. Solar batteries (photovoltaic cells)

Solar batteries (photovoltaic cells), surfaces in the sun light directly into electrical energy for the semi-conductor
materials. Surface square, rectangle, circle-shaped area formed by the solar battery usually around 100 ¢cm 2, the
thickness between 0,2-0,4 mm. Solar batteries based on work as photovoltaic principle, that falls on the light
when electric voltage is formed in the end. The source of the electrical energy of battery, solar is coming to the
surface. (Construction and operation of solar batteries) Solar energy, solar battery, depending on the structure of
between 5% and 20% with a yield can be converted into electrical energy. To increase the power output of solar
battery multi-connected series or parallel to each other is mounted on a surface, the structure of the solar battery
module or a photovoltaic module is called. Depending on the demand system is created of the power modules
connected in parallel or in series to each other until from few Watt to megawatts [2].

Most widely used material in the production of Solar battery are:

* Crystalline Silicon: Arsenite gallium (GaAs);

+ Amorphous Silicon Thin Films: Cadmium Telluride (CdTe), Copper Indium Diselenide (CulnSe2);
* Optical Intensive Cells.

= (fg_jm;, S ﬁ\q E— 2
Figure 3. Diagram of the connected photovoltaic Figure 4. Independent photovoltaic system
systems on the network from the network diagram

3.2.1.1 Implementation of Photovoltaic Systems to Buildings

Buildings can be applied in two ways photovoltaic panels. Previously been made or the roof of the building to the
front, ready to install with mounting kits. The new building, the panel also can be used as building materials.

3.2.1.2 Distribution of the Cost of Photovoltaic Systems That Connected to the Network

The following can be used to spread ideas:
- 50% - Photovoltaic panels;
- 15% - AC/DC converter;
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- 15% - Cables and various electrical equipment;
- 10% - Installation mounting kits;
- 10% - Installation labor.

Independent systems, as well as battery cost expenditures, and so the costs are engaged as below. Therefore,
the initial investment cost is higher than the system is connected to the network.

3.2.1.3 Advantages of Photovoltaic Systems

- Renewable energy;

- Old and new buildings for the installation of the

- Building integrated systems, decreasing the cost of roofing;

- Vary depending on country and state are provided by tax incentives and discounts through the short
repayment periods;

- Varies between 25 and 30 years of long life;

- Network of independent power production in that

- Country specific decreasing energy dependence on the outside;

- Panel of the very low maintenance and repair needs;

- Increased energy gain with solar tracking system;

- Continuous improvement technology.

3.2.1.4 Disadvantages of Photovoltaic Systems

- Photovoltaic cells manufacturing technology and systems in the deficit due to losses occurring in the obtained
efficiency remain low. This is a very high initial investment costs and long repayment periods that can cause;

- Due to lack of State Facilities promoting and infrastructure systems at the same speed everywhere common;

- Installation of the local environmental factors is very important. Setup with the location of buildings and
shading negatively affects the performance of the system;

- Installation is the geographic location directly affects the intensity of solar radiation. Therefore, the less the
amount of annual Name of countries, remains low earnings can be obtained;

- Independent system used to store electricity in batteries and the brevity of life need to be replaced with certain
period to improve operating costs [2].

3.2.2. Heat Pumps

Heat transition temperature always decreases in the direction is known to be another change; the transition
temperature of high temperature low temperature environment is the environment. This is a natural phenomenon,
can occur spontaneously. Reverse of this fact by itself can not perform. An environment of low temperature heat
from the transition to an environment of high temperatures but can be done with the use of heat pumps. The
cooling fluid flows in the cooling cycle. Different fluids has advantages and disadvantages among each other in
usage. The conversion is performed with the following elements: a compressor, condensation, throttle valve and
evaporator.

4. Simulation and the software

There are several methods in simulating the performance of eco-houses. Some of them are DOE-2 developed in
Lawrence Berkeley National Lab in US [6], BLAST developed in University of lllinois [7] and ESP-r developed in
University of Strathclyde, UK [8]. By using these codes, it is possible to model all of the design parameters
mentioned above [9]. Since they are developed with parameters applicable in US and north Europe, we are
working to develop software by using the data available in Turkey, Balkans and Mediterranean region.
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Conclusion

70% of energy from abroad, especially for renewable energy resources for our country to do the work in the
sector to foreign energy dependence is to reduce a large shareholder.

Turkey, the world's first solar energy efficiency is available in 4 countries. Average 7.2 hours per day, although
the sun to see Turkey in the use of alternative energy systems are not widespread. Common practice the use of
alternative energy Eco-houses realization contribution to the national resources will be revealed.

Fossil fuel changes to solar and natural energy in Ecohouse. Electricity from the solar energy, the energy
required for heating and cooling will be provided entirely from natural sources. Therefore, the dependency on
fossil fuels such as in housing will not. Reducing carbon dioxide emissions to help protect the environment and
the promotion of domestic production and contribute to increased employment in the relevant sectors will provide.
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A SOFTWARE SYSTEM FOR DETERMINATION OF FORMING LIMIT DIAGRAMS

Georgi Stoilov, Jordan Genov, Vasil Kavardzhikov, Jordan Kovachev

Abstract: Forming limit diagrams (FLD-s) deliver quantitative, graphical information concerning the ultimate
ductility material my display under various strain conditions and boundary criterion of material failure in a deep
drawing process. FLD-s are commonly obtained by usage of special samples — the so-called Nakazima’s bands.
This method is realized in general as a circle grid is printed on the sheet surface and its deformation is measured
after the forming. Different deformations transform the circles to ellipses, exhibiting a different eccentricity. A
Software system for quantitative determination the changes in lengths of both major and minor axes of ellipses, is
presented in this report. The grid deformed images are captured in computer memory by a digital camera,
equipped with a mechanical piece, allowing the camera optical axis to maintain orthogonal upon each local area
of specimen surface. An interactive way of operator-computer work is proposed for ellipses geometry analysis.
The two axes of each ellipse of interests are measured and data derived are presented graphically, and recorded
in a data base as well. Using this information the main deformations of samples are calculated after that.

Keywords: deep drawing, plastic deformations, forming limit diagrams.
ACM Classification Keywords: C.4 Performance of systems- Measurement techniques

Conference: The paper is selected from Seventh International Conference on Information Research and Applications —
i.Tech 2009, Varna, Bulgaria, June-July 2009

Introduction

The forming limit diagrams contain basic information necessary for design plastic forming technological
processes of sheet metals blanks. This information determines in a highest degree the effectiveness of respective
production. FLD-s provide data which lay in the ground of methods, defining technological transition number and
type, as well as the related to them expenses for both energy and instrumental equipment.

The forming stability loss depends on the plastic forming limit of sheet metal blanks, revealing in two fundamental
phenomena: - strain localization and unacceptable bifurcation of the deformed body form [Goloveev, 1974],
[Shevelev and Yakovlev, 1972].

The forming stability limit value is a function of the strain-stress state characteristics of each sheet forming
technology operation. At a most complicated deep drawing processes the stress state in different areas of
processed blank changes from two-dimensional tension in the bottom through one-dimensional stress at the wall
to tensile and compression at the flange [Material Factors]. Experimental investigations of deriving the limit form
change are directed to improvement of instrumental and measure equipment [Nikolov et al, 2006], [KaBbpmxukos
et al, 2008] and creation new tools for determining strain distribution in the deformed samples [Hadjikov et al,
1987], [gov], [gom]. Most complete information about the limit stable plastic forming of a sheet metal material as a
function of different strain state schemes can be delivered by forming limit diagrams [aluminium matter].

Forming limit diagrams

Forming limit diagrams contain graphical information upon the limit combination of linear logarithmic deformations
(er and ey) at specimens’ surface, limited by appearing of a localized strain. Keler and Bechofen in 1963 and
Goodwin in 1969 established an experimental relation between linear deformations (e; and e,) at special strain
conditions. This dependence demonstrates that at conditions of a two-dimensional tensile stress state and
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positive deformations (es >0 and e >0), the limit form change of a sheet metal blank is significantly larger than
this one obtained at one — dimensional tensile stress state (e2 = 0).

Samples possessing a special form (the so called “Nakazima’s bands) (fig.1) have to be used for FLD-s deriving.
Different relations of the width h to the length / of the samples zone of interest ensure different stress-strain state
B = es/er when these samples are subjected to a forming process. Before the beginning of the experiment a
coordinate grid, composed by equal circles with diameter 2mm + 5mm or squares (fig. 2) [Hedrick] is printed on
the specimen surface. During the specimens plastic deformation the initial circles transform to ellipses.

The purpose of this work is a software system to be created, assisting the measurements of different major and
minor axes lengths of the ellipses, caused by different strain degrees.

0

Fig. 1. Form and dimensions of Nakazima's bands
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Fig. 2. Coordinate grids composed by squares and by circles

A proportional loading is applied to the samples at which monotone strain conditions (e»xes = const) are
maintained. Forming limit curves (FLC-s), allowing the FLD-s to be derived, are obtained at different relations of
the limit combination e to e, of a sheet metal, after measurement coordinate grid deformations. An area is
defined under the forming limit curve as a result, at which the strains appearing at the concrete deep drawing
process, do not lead to sheet metal destroying — fig.3. [Hedrick].

The purpose of this work is a software system to be created, that can assist measurements of coordinate grid
deformations.

After the samples plastic strain the images of deformed circles (ellipses) are captured in computer memory by a
digital camera, equipped with a mechanical piece, allowing the camera optical axis to maintain orthogonal upon
each local area of specimen surface by an operator. The recognition of ellipses geometry is carried out when the
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computer and operator work in inter-active way and the main axes of each ellipse are presented in a vector form.
Using the obtained data base, the main local strains of the surface are calculated and presented graphically.

The measurements of ellipses axes start from the ellipse, localized at the near vicinity of the crack, which appears
when specimen failure has begun and the loading has been stopped — i.e. at the zone of local strain
concentration. Different deformations result in different ratio values of the minor and major ellipse axes that are
related to two orthogonal strain components (fig. 4):

main strains  €max = In(&) W Emin = In( i )i (1)
dO dO
relative strains  €max = In(*— 4 ) M €min = In( b—d, ). 2)
0 dO

Forming Limit Curve

Fig. 3. A forming limit diagram

minor./

our.4. The initial grid circle and resultant ellipse obtained after deformation.
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A software system for deriving of forming limit diagrams

Several methods for deriving of FLD-s are in usage at present. Performing the respective methods an operator
can measure ellipses axes using measurement strip, measuring magnifying glass or microscope [gom]. The grid
is scanned in direction orthogonal to the crack orientation and measurements are carried out. Software packages
for simulation tree-dimensional forming of metal sheet materials based on finite element method are commonly
used. Software ,DYNAFORM” is a power tool for simulation of such processes [DYNAFORM]. The information
obtained after FLD-s deriving can be add to the other material characteristics needed for numerical simulation of
the deep drawing process by ,DYNAFORM”.

Modern automated systems for measurement of ellipses axes, independently of their orientation in the space, use
two digital cameras observing the specimen surface through appropriate angles. Recently another optical strain
measurement system was developed, working also with two digital cameras [gom]. Instead of a costly grid
pattern, a stochastic spray structure of dark and bright spots is used, that is applied to sample surface by
spraying. Based on the assignment of every pixel in two images under different strain levels, this method uses
correlation technique to determine the displacement fields of a sheet surface [Stoilov et al, 2008]. After derivation
of the optical strain measurements, experimental data for determination of FLD-s are obtained. The methods
utilizing two numerical cameras are convenient for applying in routine design of deep drawing processes. But
relatively high price of the equipment needed for their implementation (including respective hardware and
software), embarrasses for the present the application of this systems on a mass scale.

The software system for measurement the geometrical parameters of ellipses of a deformed grid, presented in
this work, processes data acquired in the computer memory through a digital (CCD) camera. The optical sensor
consists of this camera and a mechanical piece (fig.5-a). This allows maintaining both the camera optical axis
orthogonal upon each local area of specimen surface and focus of the camera lens. The used sensor posses
resolution 1280%900 pixels, although a resolution 800x600 pixels is quite enough for obtaining good enough
uncertainty of this type of measurements. An operator scans the surface of interest by the optical sensor. By such
a way the optical sensor can be positioned precisely enough upon the sample surface (fig. 5-b) and a satisfied
accuracy in measurement of ellipses axis length is achieved. The operator measures if the quality of the
memorized ellipse image is high enough to be processed by the system with a maximum accuracy. The
procedure of image capturing at the concrete location of the sensor on the specimen surface can be repeated in
case it is necessary and the next step of the measurement algorithm is executed after that.

a b

Fig. 5. a - A view of the CCD camera, equipped by mechanical piece; b — The optical sensor in a process of
manual scanning.

Each ellipse image is approximated by a numerical curve. For fulfilling of this approximation the operator selects
an arbitrary, but big enough number of points laying on the respective ellipse image (fig.6). It is desirable the
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points to be chosen in an equidistant way over the whole ellipse image. That will contribute to minimization of
measurement uncertainty. The numerical solution of this approximation problem is not difficult and usage of a
standard software package leads to excellent results.

Fig.6. Approximation of an ellipse image

Simplicity of input data is needed for correct work by the used software package. When a Cartesian coordinate
system is used, two values of y, defining two different points of the approximated ellipse, localized symmetrically
upon the coordinate axis X correspond to each x value. Due to that a transformation of ellipse presentation from

Cartesian (eq. 3) to polar (eq. 4) coordinates is required.
2 2

X Y
4+ =1 3
a® b° )
where: aand & are the major and minor ellipse axes (fig. 6).
all—é*
=
1+ecos(@)

where: rand 8 are polar coordinates, and e is the eccentricity of the ellipse.
Equations (3) and (4) describe an ellipse, which coordinate system is centered at its own center.

The origin of a coordinate system, related to the camera frame, is chosen to be at one of frame’s corners. That is
why a translation which will ensure coincidence of ellipse centre to the frame’s coordinate system is required for
correct performance of the approximation algorithm. In general the main strain direction does not coincide to any
coordinate axes. This is taken in to consideration in equation 6 by a parameter @.

The ellipse center coordinates xo and y, are defined through the coordinates of a middle point, determined
respectively by the most left and most right ellipse points located horizontally, as well as the lower and higher
points, located at vertical direction. Those points are chosen by the operator and are fixed over the ellipse
image, shown on the computer screen (fig. 6). After the obtaining center coordinates x and yo they are eliminated
in equation (5), presenting ellipse, in a coordinate system, which is not located at its centre.

(x=x5) (=1,
= E ()
Equation (6) is used for performing the approximation.
a(l—e?)

"L ecos(6—¢)

(6)

where ¢ is the rotation angle of the ellipse.

Values of parameters a, e and ¢ are derived after the approximation procedure completing and parameter 6 is
quantitatively defined by equation 7.
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2
e= 1—(2j 0<b<a (7)

a

The major (a) and minor (b) ellipses axes lengths are retransformed again in Cartesian coordinates. After that
relative strains at the local specimen areas, revealed by ellipses are calculated using equation 2 and limit forming
curve of the respective Nakazima’'s sample is plotted. Elaborating experiments and measurements with all
Nakazima’s samples the complete forming limit diagram of studied metal sheet material can be obtained.

Experimental results

A Nakazima'’s specimen is presented in fig.7-a, at which two-dimensional tensile strain is realized through forming
process by a semispherical die. The load action has been stopped when a crack has appeared. Figure 7- b
reveals magnified image of a sample surface local area together with coordinate grid printed on the surface. The
chosen points over an ellipse as well as the approximated ellipse are also shown in this figure.

a b
Fig. 7. a— A Nakazima'’s specimen, deformed at forming process by a semispherical die;
b - magnified image of the sample surface local area

One-dimension tensile strain of a Nakazima’s sample with appropriate dimensions (fig. 8a) is obtained through
forming process by a flat die. The approximated image of an ellipse over the sample surface is presented in
fig. 8b.

a b

our. 8. a - A Nakazima’s specimen, deformed at forming process by a flat die;
b - magnified image of the sample surface local area.

Relation 8 = eyes , defining the limit forming determined experimentally by usage of the software system
described in this work and samples shown in figures 7 and 8, are revealed in fig. 9
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Fig. 9. Relations 8 = ex/e4, obtained experimentally for Nakazima’s samples
deformed by spherical (a) and flat (b) die.

Conclusion

A software system assisting the measurements of different major and minor axes lengths of the ellipses, caused
by different strain degrees of Nakazima's samples is presented in this work. In contrast to the performance of
such measurements through measurement strip, measuring magnifying glass or microscope the system uses an
optical sensor for capturing the ellipses images in the computer memory. An operator realizes manual scanning
of ellipses grid on the deformed sample surface. The information about ellipse geometry at each position of
scanning is processed by computer using the developed software algorithm. The created equipment and software
present a convenient tool for carrying out experiments in laboratory conditions, by which forming limit diagrams to
be obtained. They are suitable for training students on derivation of forming limit diagrams of sheet metal
materials, required for investigation and optimal design of deep drawing technological processes.
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KOCBEHHAA CTETAHOIPA®UA

Hagup Anuwos

AHHOmauus: Onucbisaemcsi opueUHanbHbili Memod wugpposaHus U OewilghposaHuss Ha OCHO8e Cnocoda,
Ha3blBaeMo20 KOCSEHHOU cmezaHozpacpuell. Paccmampusaemcs eapuaHm peanusayuu ycmpolicmea 0ns
hopMUpOBaHUSsI HepackpbigaeMbIx WuUgpos galinos u O0KyMeHmos, Ymo no3eonum obecnedums mpebyembil
YPOBEHb 3auiUmbl OM HeCaHKUUOHUPOBaHHO20 Aocmyna, peanu3oeams 3MEKMPOHHYH UUPOsyH Nodnuch, a
MaKXe HOBYIO MEXHOMO2UK OpeaHu3ayuu 6e3onacHocmu UHGOPMAaULUOHHbIX PECYPcos8 8 KOpnopamueHbIX
cemsix KoMNbIOMEPO8.

Kntoveable crnosa: Kpunmozpaghusi, KOMNbIOMepHas cmeaaHoepaghus, cmeaocucmema, 3awjuma UHgopmayuu,
cny4aliHble U ncesdocnyyaliHble Yucna, KOHmMeUHep, CEKPEMHBIU KITHu.

ACM Classification Keywords: D.4.6 Security and Protection

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

W3BecTHbl dsa HanpaeneHusi uccrie0o8aHull, CBA3AHHbIX C 3aLIMTOM KOMMLIOTEPHOW WHGOpMaLuM OT
HECaHKLOHMPOBAHHOTO MCMONb30BaHMS.

1. KomnbromepHasi kpunmoepadpus. HchopmaLms, nognexallas 3awure, WMgpyeTes ¢ NOMOLLbIO YNCMOBbIX
KMtoYern, npuyeM C  YBENUYEHWEM paspsgHOCTU  KMKYeW  BO3pacTaeT  BbIYUCAMTENbHAs  CMOXHOCTb
npeobpasoBanus. CyliecTByeT MHOXECTBO BapuaHTOB peanv3auuy KOMNbIOTEPHON KpunTorpadum, HO 0bLLy0
CXEMY TaKoro LUMpOBaHNS MOXHO NPeacTaBuUTh crieayowum obpasom (puc. 1).

Puc. 1. KoHuenuums koMnbloTepHON KpunTorpagum

2. KomnbromepHass cmezaHozpacpusi. [aHHble, noanexawue 3awuTe, CMELIMBAOTCS C
onpedeneHHbIM BMOOM MyNbTUMEOMIAHOW MHOpMauun (pedb, ayauo, BuAeo, M300paxeHne M T.M.) W
nepeaaroTcs 3aKOHHOMY Monb3oBaTeNo. Pa3paboTaHO MHOXECTBO BapuaHTOB peanusauui 3Toro metoga. lpu
aTom obLLas cxema cTeraHorpagmyeckoro npeobpasoBaHNs BoIMAANT crieayowmm obpasom (puc. 2).

v YY)

€«

Puc. 2. KoHuenuus KOMNbIOTEPHOM cTeraHorpadmm
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IMaBHbIil HEAOCTATOK YKA3aHHbIX METOLOB COCTOMT B TOM, YTO B KOHEYHOM WTOre 3alluiiaemas MHopMaLms
nepefaeTcst No kaHany B 3alMPOBAHHOM WM CMELLAHHOM BUAe, YTO MO3BONSIET KPUNTOAHANMTUKY NPOBECTH
COOTBETCTBYIOWNA aHanW3 Ans B3noma udpa wmnu BblAeNeHUst NOMesHblX faHHbiX. K Tomy xe npu
KOMMbKOTEPHOI CTeraHorpacun TPYAHO peann3oBaTh nepegady Gonblioro o6bema MHGOpMaLWK, a 3TO 04YeHb
BaXHO 151 COBPEMEHHbIX KOMIMbIOTEPHBIX CETEM.

MeTopa pelueHus NocTaBNeHHO 3a8auu

IMpu KoceeHHol cmezaHozpaghuu (npednazaembill Memod) nonesHas MHopMaLust BOOOLLE He nepeaaeTcs
no kavany. CyTb MeToAa 3aknoyaeTcs B cregylowem. Y OTnpaBuTens U nonyyartens UMeKTCs OLMHAKOBbIE
(halinbl, KOTOpble SBASIOTCA CEKPETHbIMU KMoyamu. BaiTbl MHGOpMaLMK, noanexallei awmte, 3aMeHsTCS
(no onpedenexHomy anzopummy) Gantamu cekpeTHoro caitna. HoBbli haiin Takoro ke pasmepa, Kak 1
ncxopHoe coobLyeHre, nepegaeTcs agpecaty M npu NonyyYeHun nogsepraetcs obpatHoMy npeobpas3oBaHuio:
ero 6anTbl 3aMeHs0TCs HanTamm CEKpeTHOro anna (3epkasnbHbil anzopumm).

O6Luas cxema KOCBEHHOM CTeraHorpacui BuIrnaauT criegytolum obpasom (puc. 3).

=

Puc. 3. KoHuenuus KocBeHHOM cTeraHorpadum

®opmarnbHble onpeaeneHns N3BECTHbIX COBPEMEHHDBIX CTErOCMCTEM NpuBeaeHs! B [1, 2].

1. CoBokynHocTb A =<C, M, D, E>, rae C — MHOXECTBO KOHTENHEPOB; M — MHOXECTBO CEKPETHBIX COOBLUEHNIA,
|CI2IM|; E: CxM —C, D: C —M - yHKUMN COKPbITUS W M3BNEYEHMS COODLLEHMs 13 KOHTEeHepa C, npuyem
D(E(c, m)) = m gns nobeix m € M w ¢ € C, npeactasnset cobomn 6eckioyeByto CTErOCMCTEMY.

2. CosokynHocte £ =<C, M, K, D, E>, rae C — MHOXECTBO KOHTEMHEPOB; M — MHOXECTBO CeKpeTHbIX
coobuennn, npuyem |CIZ|M|; K — MHOXeCTBO CekpeTHbIX kntoven; Ex. CxMxK —C, Dp CxK —M -
cTeraHorpadmyeckme npeobpasosaHus co ceoinctBoM Di(Ex(c, m, k), k) = m gna nbeix me M, ce Cn ke K,
npeacTasnseT coboit CTErOCMCTEMY C CEKPETHBIM KITHOUYOM.

3. CosokynHocte £ =<C, M, K, D, E>, rae C — MHOXECTBO KOHTEMHEPOB, M — MHOXECTBO CEKPETHbIX
coobueHmn, npuyem |Cl2|M|; K=(K1, K2) - MHOxXecTBO nap crerokntodeit; Ex. CxMxKy —C, D CxKy; —M -
cTeraHorpadgmyeckme npeobpa3oBaHus co cBOMUCTBOM Di(Ex(c, m, ki), ko) = m ans nmwobeix me M n ¢ € C,
npeacTasnseT coboi CTErocMCTeMy C OTKPbITHIM KIHOHOM.

[Ins KOCBEHHOI CTEroCUCTEMbI AAANM CRefyloLLee onpeaeneHye.

OnpedeneHue. CosokynHocTb (E =<C, @C, M, D, E>, rone C — MHOXeCTBO KOHTeliHepoB-knouen, @C —
MHOXeCTBO NapaMeTpPOB 3N1EMEHTOB MHOXeCTBa C (MHOXECTBO KOCBEHHbIX KOHTENHEPOB), M — MHOXECTBO
cekpeTHblX cooblenunit, Eg: CxM—@C, Dg: Cx@C —M - creraHorpaguyeckne npeobpas3oBaHns co
ceoncTBoM Dg(Eg(c, m),@c) = m ans nobeix m e M, ¢ € C n @c € @C, npeacrasnseT coboit KOC8eHHYH0
cmezaocucmemy.
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CornacHo aTomy onpegenexuio, MHoxecTBo C npeactaBnserT coboi CeKpeTHbIA (MMM NMYHBI) - KN,
“cnonbayemblid Ans WUpoBaHus 1 gelntpoBaHUs UCXOAHBIX COOBLLEHMI (CekpeTHbIX AaHHbIX). Kpome Toro,
Tpebosanue |C|2|M| He aBnseTCA CTPOTUM.

B oTtnuune oT knaccuyeckux HopMarbHbIX CTErOCUCTEM, A€ KPUNTOAHANUTUKY [OCTYMHO MHOXECTBO
KOHTEMHEPOB, KOCBEHHas CTerocuctema npedycMaTpuBaeT BO3MOXHOCTb [OCTyna NWWb K napameTpam
3NEMEHTOB KOHTeiHepa. Kpome TOro, ecnm B KnacCMYeckux CUCTEMaXx CKPbIThl (OT KpunToaHanuTtuka) nnbo
anroputMbl npeobpasosanus (Hanpumep, E: CxM —C, D: C —M), nubo knoun wudposaHmus, nnbo n 1o u
Apyroe, B nNpeasiaraeMon CUCTEME CEKPETHOM MHOpMaLMen SBSIETCA COLEPXKMMOE CaMOro KOHTEMHepa, 4To
nossonseT paspabatbiBaTb 4OCTATOMHO BbICOKOYCTONUMBLIE CUCTEMbI 3aLMThl MHGOPMALMOHHBIX PECYPCOB B
KOMMbIOTEPHBIX CUCTEMAX W CETSIX.

B kayecTBe napameTpoB JMEMEHTOB KOHTEHepa MOryT ObiTb UCMOMNb30BaHbI aapeca pasMeLLEHUS SIEMEHTOB,
WX L{BETOBbIE raMMbl, (DOPMaTbI, KOPPENALMOHHbIE NOKA3aTENM U T.N. [NS YNpOLLEHNS! AaNbHENLLIEro N3NOXEHMS
Bynem paccmatpuBaTh aapecHble napameTpbl NEMEHTOB koHTenHepa-kmioya C. CrieayeT WMETb B BUAY, YTO
He3aBWCUMO OT TOrO, Kak 3aflaHbl 3HAYeHWs MapaMeTPOB — MPSIMO UMW KOCBEHHO, OHU AOMXHbI afeKBaTHO
OTpaxaTb 3Ha4YeH!s 3ANEeMEHTOB MHOXecTBa M.

[MycTb 3apaH andaBnT ¢ KOHEYHBIM MHOXECTBOM OykB. Byaem cuutath, UTo KOHTerHep-knod C hopmupyeTcs u3
Oyks andpasuta. Pacnonoxevue Oyke andasuta B KOHTEWHepe AOMKHO ObiTb MPOM3BOMBLHLIM (HaNpUMeEp,
nceBgocyYaHbiM) ¢ BO3MOXHOCTBH MX MHOMOKpPaTHOrO BXOxAaeHusl. Kaxgon OykBe andpaButa CTaBMTCA B
COOTBETCTBME 3HAYEHWe aApecHoro npocTpaHcTBa. COBOKYMHOCTb 3HAYEHWA aApecHOro MPOCTPaHCTBA
COCTaBMNSIET MHOXECTBO @C (KOCBEHHbIN koHTenHep). KonuyecTBo BykB andaBuTa JOMKHO ObiTb TaKOBLIM, YTO
13 HX MOXHO COCTaBMTb Noboe cooblueHne M. Takum obpasom, cooblyeHns nogobHbl KOHTEMHEPY-KNouy C B
TOM CMbICIe, YTO OHU COCTAaBMSAIOTCS M3 OAWNHAKOBbIX OYKB C pasHbiM KONMYECTBOM WX MOBTOPEHWUA U Pa3HbIM
MeCTOPaCMONOXEHNEM.

Monoxum, 4To Heobxoanmo nepeaatb CekpeTHoe cooblueHre M no kaHany cBs3u. [Ing 3TOro Npou3BOMbHbIM
00pa3om BbibupaeTcsi nepBOHaYanbHEIN adpec pPacrnorokeHns Kakoro-nmbo anemeHTa (OyKBbl) B KOHTEMHEPE-
kntove. HaunHasa ¢ atoro agpeca (B ntobom HanpaBneHWM) OCyLLECTBNSIETCS NOMCK NEPBOro anemeHTa (Dyksbl)
coobuieHns B Maccue anemeHToB (BykB) KOHTEMHepa-kntova. Tak Kak KOHTeHep 0653aTenbHO COAEPKUT BCE
OykBbl angasuTa 1 kaxgas Oyka NOBTOPSETCS B MPOM3BONBHOM NOPSAKE B MAaCCUBE ANIEMEHTOB KOHTEAHEpa
MHOrOKpaTHO, TO MOWUCK 3aBepLumnTcs ycnelwHo. MepBas Gyka cOODLIEHNS 3aMEHSIeTCS aApecoM HaWaeHHOro
anemeHTa (OykBbl) KOHTeWHepa. [anee B MacCUMBE-KOHTEMHEpE OCYLLECTBMSETCS MOWCK BTOPOTO 3riemMeHTa
(BykBbI) COOBLLEHNS, KOTOPbIV 3aMeLLaeTCa aapecoM HalgeHHoro anemenTa (Oykebl). Mpouecc nosTopseTcs Ao
nornHoro (opMUpPOBaHUS MHOXecTBa agpecoB. CdopMuUpoBaHHOE TakuM 06pa3oM MHOXECTBO aApecHbIX
JaHHbIX npeacTaBnsieT coboil KOCBEHHBIN KOHTedHep @C, KOTOpbIA OTNpaBnsieTCsl agpecaty Mo OTKPbITOMY
kaHany. AmgpecaT WMeeT TaKOW e CeKpeTHbil MaccuB C (KOHTEMHep-kmiod), Kak y oTnpasutens. B
OTNPaBfIEeHHOM KOCBEHHOM KOHTE/HEpE TaKke CoAepkatcsi CcreraHorpadmyeckue 06pasbl  HayanbHOro
(CTapTOBOrO) 3HAYeHWs agpeca Nowcka, napameTpbl MacckBa COODLUEHWA, BPEMEHHOrO LWTamna 1 T.M., T.e.
anropuTM pacluMpOBKM COODLUEHWN SBRSETCA «3epKanbHbIM» OTODpaxeHWeM amnroputMa LUMEPOBKM: MO
3HAYEHWIO NEePBOTO 3reMEHTa KOCBEHHOTO KoHTelHepa @C B KOHTEHepe-kntode 0CyLLECTBISETCS NONUCK DykBbI
(anemeHTa), agpec KOTOpOro 3anucaH B nepeom anemeHte @C. Cogepxumoe HaloeHHOro agpeca 3amellaeT
NnepBbIA 3NEMEHT KOCBEHHOTO KoHTenHepa @C. [lanee ocyLwecTBNSETCA NOUCK BTOPOI BykBbI 1 T.4. B KOHEUHOM
utore 6ykebl MHOXecTBa @C byayT conagaTh ¢ OykBamu MHOxecTBa M.

PaccmoTpuM KOHKPETHbIA BapuaHT peanusauui anroputMa KOCBEHHOM cTeraHorpacum. B kayecTBe ncxogHoro
coobuueHns M Byaem Gpatb KOMMbOTEPHbIA (hann F gnnHon L 6ainTos. BbiGupaem anroputv NceBaocnyYaiHbIx
yncen go(R), oTBevatowmii TPeGOBAHUSM CTOMKOCTU FeHEPUPYEMbIX [aHHbIX (B HACTOSLLEE BPEMS y4YEHbIMM
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pa3paboTaHbl MHOXECTBO Takux anroputMoB [3]. Hanpumep, noBTOpsSieMOCTb anroputma, OnMcaHHoro B [4],

coctaBnsieT npumepHo 6000 AeCATUYHBIX 3HaKkoB). HasHayaem ctapToBoe uucnoi =i, ans (R). BeiGop

MOXHO OCyWecTBnATb Nbo Hayrag, nnbo ¢ MOMOLLBID MPOCTOro reHepatopa ChyyvalHbiX YMCen pas’oBoro
nonb3oBaHWs. B nepBoW Bepcun peann3oBaHHOTO anropuTMa KOCBEHHOM CTeraHorpaduu reHepaums
NCceBAOCyYalHbIX YMCEN BbINONHSETCS cnepytolmum obpasom. [eHepaTop ((A) , HaunHas co CTapTOBOM TOUKM

R =R, reHepupyet 2% cTpok. Kaxpas ctpoka coctouT u3 256 BainToB. B kaxaoi CTpoke coaepxartca Bce

ABOMYHble uncra ot 0 1o 255, pacnonoxeHHble CryyaiiHbiM 06pa3oM No 3akoHy reHepatopa (@ (A), koTopblit

rapaHTUpyeT reHepaumio HEeOAMHAKOBbIX YMCEN B KakmoW CTpoke. Kpome TOro, rapaHTMpyeTcsi OTCyTCTBUE
OAVMHAaKOBbIX CTPOK B BbIOpaHHOM ANWHE reHepupyemoro Maccua uucen. Takum oGpasom, (opmupyetcs
ABYMepHbIA MaccuB cryyaitHbix uucen C(i, j), rae i = 256, j = 4096 .

lMpouecc wundposanust daitna F 3aknovaetcst B cneaytoweM. C NoMOLLBbH NPOCTOrO CyyainHoro reHepartopa
BblbupaeTcs ctpoka j = @ B Maccuse C(i, j) (HOMep CTPOKU @ Takke NOANeXMT LWMGPOBaHNIO Ans OTNpaBKu

nonyyatento). Cogepxumoe nepeoro 6Gaita [1] daina F npefcrtaensietcs kak agpec Gaita @[1] B cTpoke
J =@ . Copepxumoe 6Gaiita [@[1]] 3anucbiBaeTcs B nepeblit GaiT dhaitna F, T.e. [1]:= [@[1]]. 3aTem

cogepxumoe BToporo 6Gaitta [2] chaitna F npeacTaBnsieTcs kak agpec Oaita @[2] B ctpoke j =@ 1.
Copepxumoe Ganta [@[2]] B cTpoke j =@ +1 3anucbiBaeTcs BO BTopoi Bant caina F, T.e. [2]:= [@[2]].

Mpouecc MOBTOPSIETCS [0 3aMelleHust rnocriegHero GailTa 3HayeHMeM MaccuBa CriyvaiHblX 4ucen no
BblOpaHHOMY afpecy. Takum e Crnocobom 3aMeLlalTcs 3HaYeHUs psiga CryXeBHbIX [aHHbIX, B TOM 4ucne

20
3HayeHve @ . B cnyyae, koraa L>2°, NpoLecc MOXeT NOBTOPATLCS MO Kpyry.

B peann3oBaHHOM [Ons 3agay peanbHOro BPEMEHWM BEpCWM anropuTMa KOCBEHHOWM cTeraHorpadum, Tak
Ha3bIBAEMOM «anropuTMe Ha neTy», HeT HeobXoaMMOCTM MOBTOPSTH MPOLECC MO KPyry, Tak Kak KOMUYeCTBO
reHepupyemblX HEMOBTOPSEMbIX YMCen HamMHOro Bonblue, Yem 06beM oTnpaBnseMblx Mtobbix (ainos no ceTy.
OTOT Xe anroputM MOXET BbITb MCMONb30BaH He TOMbKO AN15 3a4ay peanbHoro BPeMEHW, HO 1 Anst 0BbIYHbIX
Gr1oKOBbIX LUMPPYEMbIX AAHHbIX.

BesycnoBHo, Hay4Hoe 0GOCHOBaHWE KPUMTOYCTOMYMBOCTY anropuTMa KOCBEHHOI cTeraHorpadum TpebyeT elue
rnybokoro aHanmusa CO CTOPOHbI KPUMTOAHANMTUKOB [5], O4HAKO MPOBEAEHHbIE UCCIEAOBAHUS W NONYYEHHbIE
3KCMepUMEHTarbHbIE Pe3ynbTaTbl NO3BONSOT CYAUTb O €r0 BbICOKOI KPUNTOYCTONYNBOCTM.

[MpakTnyeckmne 0COBEHHOCTM peanu3aLnm KOCBEHHON CTEraHorpacum TakoBbl.

1. Mpobnema pacnpocmpaHreHus knwya (nepedaya koHmetHepa C). MNMockonbky aTa npobnema akTyanbHa Ans
BCEX METOAO0B W TEXHOMOMMIA KpUNTOrpadum ¢ Knovamu, MOXHO MCMONb30BaTh CaMble NEPeoBbIE anropUTMbl U
cnocobbl pacnpocTpaHeHns knoven. CylecTBEHHbIM SBMSETCS TOT (akT, YTo, B OTNMYME OT ApYrX METOLOB, B
JaHHOM cnyvae TpebyeTcsl pasoBasi rapaHTVst 4OCTABKM KIioYa, TaK Kak MOCNe rapaHTUPOBAHHOMO MOMyYeHMst
KNtoYa agpecaTtoM MOXHO Mpu NEPBOM Xe CeaHCce U3MEHUTb CoaepxumMoe KoHTelHepa C. lMoaTomy, Hanpumep,
COOEPXMMOE KOHTEMHEpA MOXHO nepefdaTtb C MOMOLUbIO OTKPbITHIX KMHOYEH, AnMHA KOTOpbIX 3aBefoMo
rapaHTUpyeT HEBO3MOXHOCTb JeLNdPOBKM COAEPKUMOro KoHTenHepa (2048, 4096). BesycrosHo, npu 3TOM
notpebyercs HaMHOro 6onbLue BPeMEHU A5 LWnPOBaHNA W AeLUMPPOBAHNS COREPKUMOTO KOHTEMHEPA, HO B
CBA3K C TEM, YTO COOTBETCTBYKOLYME BLIYUCIEHMS BLIMOMHAKTCA OWH pas3, TakoW cnocob sBnsieTcs
onpaBAaHHbIM.
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2. BeposmHocmb goccmaHognieHus codepxumozo koHmeliHepa C no ussecmHoMy KpunmoaHanumuky wugppy @C.
Mpexae Bcero cnegyeT obpaTuTb BHUMaHWE Ha TO, YTO [fMHA KMioya-koHTeiHepa C, MO CpaBHEHMIO C
W3BECTHbIMM  MeToAamy  LUMAPOBaHUS C  MCMOMb30BAHWEM  KIHOYEN,
HecpaBHuMO 6onbluas (|C|=|M|). MoaTomy BOCCTaHOBREHME KOHTENHEpaA Mo
3HAYeHWsIM  CTAHOBUTCS  HEBO3MOXHbIM. Hanpumep, B  nporpaMMHO
peann3oBaHHOM  BapWaHTe  LWGPOBaHUS  KOMMbIOTEPHbIX  hainos

1700
KOMMYECTBO BapuaHToB nepebopa pasHo 256! (okono 2 BapuaHTOoB).

Ha puc. 4 nokasaHo oTorpadmueckoe u3obpaxeHne BapuaHTa
peanu3aunvm  anroputMOB  KOMMbIOTEPHOW  CTeraHorpagmm Ha  6ase
MUKPOMPOLIECCOPHOro  ycTpoiicTBa-kmtoya ¢ USB-uHTepdercom.  Psap
MoamndmKaLnii 3TOro yCTpoicTBa nossonser peanu3oBaTb
CaHKUMOHMPOBAHHBIN  AOCTYN K  KOMMbtoTepam, chainam, a Takke Puc. 4. KocBeHHblit cTeraHorpad
oxpaHseMbIM obbekTam. Kpome Toro, BO3MOXHO LWNGhpOBaHME «Ha NETY» NOTOKOBOW MHOpMaLMK (peyb, ayauT,
BMAEO), YTO NO3BONUT 06ECneymnTb 3aLUUTy OT HEaBTOPU3OBAHHOTO AOCTYNA K TakUM pecypcam.

3aknioyeHue

B npennoxeHHOM HOBOM METOAE LN(hpPOBaHUS, HA3bIBAEMOM KOCBEHHOW CTeraHorpadmeit, MCXoaHbIA thain He
LnchpyeTes, @ BMECTO 3TOr0 NepesatoTcs no CEeTU NpU3Haku Wwudpyemoro gainna. BelumcnutensHas CrnoXHOCTb
anropuTMa MWHMMarnbHa, Tak Kak WidpoBaHue ¢alinoB NpeanonaraeT TONbKO 3aMelleHne DaiToB UCXOAHOMO
canna banTamm cneumanbHO OpraHu3oBaHHOrO (hanna-knova. Mpu aTom cnocobe WKUGPOBAHMS HUKAKAMM
MeToAamu U CPeACcTBaMU HeMb3s paclungpoBaTh NepexBaveHHbIN WGP, eCin Aaxe KpUNToaHanuTUKy yaacTes
NoNy4nTb NPeabIaYLMIA WP 1 NpeablayLLMA UCXOOHbIN TEKCT.
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Networks

ON A PROBLEM OF QOS CHARACTERISTICS INTERPRETATION
IN TRANSIT NETWORKS

Gleb Andrianov, Stoyan Poryazov, lvan Tsitovich

Abstract: The paper is on common approach to the problem of a subscriber choice for the making connection
through the telecommunication network. One opportunity is to make repeated calls; the second one is to choose
other provider. The problem of the traffic (and therefore, the income) lost induced by a low quality of service is
given in detail. Quality of service dependence of the number of repetitive calls is proposed and verified by real
network traffic measurements.
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Introduction

The main subject of this study is an influence of repeated calls on the value of a cost functional. The functional
gives an income from the traffic service. Therefore, the repeated calls influence on the choice of call route in the
given quality of service (QoS) and economical efficiency parameters. Now the efforts of scientists mainly put on
the packet switching traffic models. There is an opinion that the circuit switching theory is awfully studied and all
useful dependencies are investigated. But it is not true. Subscriber persistence and human factors may strongly
distort the quality of service indicators, and for the taking of this distortion into account we should consider the
service model in the network. Other opinion is that circuit-switching networks are past and packet-switching
networks are future. What can we say against it? At the OSI model higher levels we can get the circuit (virtual
circuit) switching network similar to a public switching telephone network. Systems in circuits switching mode
Subscriber behavior affects on the calls distribution in an informational flow. But also it affects on the traffic flows
in the network themselves. In the first case Poisson flow will be distorted by the fact that the independence of
events gets lost. If A-user gets any information about the network status or B-user status then he can make a
decision to make once more effort to reach B-user. In this case, bids for making a connection between A and B
are dependent in a short time interval because they are generated by one demand for an information transfer
from A to B. By this reason, they make alterations in both the call flaw distribution and the integral performance
indexes indicators. If all repeated attempts of A-user are unsuccessful then he has an opportunity to use an
alternative terminal, an access network, and even an other transit network. So, in a current state of the
telecommunication network subscriber has a wide range of choices. Besides reliability of connection
establishment (B-user availability) parameters such as the quality of speech transfer, the reliability of access
(service availability), the service cost, etc. can be influenced of the choice. Possibility of the choice leads to
redistribution of the call flaws on the network, and it must be taken into account in the network maintenance and
business planning.
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Therefore, it will be very useful to obtain more specific information about the services on virtual circuit-switching
network providing. In this paper, we give a short observation of possibilities and then refine the idea of QoS
parameters measurement with taking repeated calls into the consideration.

Call service in the common virtual circuit-switching network during the providing of

In accordance with the ITU-T terminology, the
network is divided into layers. Every layer shows
the purposes of the equipment in its boards.
This approach is also acceptable for a virtual
circuit-switching network. The most popular
example of such network is a simple
telecommunication  circuit-switching  network
which is divided into an international part
subnetwork and a national part subnetwork, the
national part subnetwork includes a local part
subnetwork and a transit part subnetwork [1].
This three-level hierarchy is related to the core
network. By analogy with packet transfer
networks we can give forth level — an access
network. The rest levels contain user terminals
and users themselves.

telecommunication service
International
Core Network
I

T~

National IP/MPLS Network
Core Network

The first layer is User (see picture 1), it should
be marked out as an independent layer because
just user makes the important decision on which

mobne fixed
terminal will be used. If QoS of one of the
available networks stops to satisfy the user then User
he can use other terminal and get other access

s
and other transit network. And the cheapest

network W|” be Chosen, |f in the same quality’ mobile phong fixed phone smart phone desktop notebook
tariffs of the access networks are better. \1

The next level is User Terminals. Earlier, when User
a mass user had single terminal, we could start
the picture from User Terminals. But now, user
has in a workplace typically at least three
terminals, which we should take in account both
in a tariff and a quality policy forming. They are a fixed terminal, a mobile terminal, and a personal computer,
connected to a telecom network. Hybrid terminal types are possible but they don’t change the matter.

Since the network examination is making on an example of a classical telecommunication network, it causes the
further layer detachment. The next layer is Access Network. There are more variants of interaction here than
between User and User Terminal. Typical combinations of Access Network sharing are xDSL (common telephony
and computer telephony), GPRS/EDGE/3G (mobile telephony and computer telephony). And a converse
interaction is possible. There is an opportunity to choose different Access Networks from one User Terminal.

Access Network leads us to Local Network. Depending on B-number prefix User can choose one of National
Operators. The choice of National Operator can also be made by default by the local operator itself. Let us give
some examples to illustrate the choice in a telecommunication network.

Pic. 1. Network layers interaction
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A subscriber from the fixed Local Network of
Russian Federation has some opportunities. If
he dials access code (prefix) of OJSC “MTT”
carrier (853 for national or 858 for international
communication) then he can get the long-
distance communication service from this
operator. If he dials other prefix then he gets
service from other transit network. At the same
time, the possibility to use computer platforms
and to go through IP/MPLS network exists too.
Moreover, the subscriber has opportunities of
choice on the terminal equipment level and on
the access network level. The existence of such
varied choice is very important for the subscriber
persistence  estimation. The  persistence
measured on the transit (National or
International) network part is lower when there is
an opportunity to use alternative ways.

Large number of choice opportunities in a
telecommunication network is shown on the
picture 2. For illustrating the User 1 possibilities
in his making choice we need to consider the B-
number structure in Russian Federation. If a user
made a decision to call via a TDM network then
he can dial the number from mobile phone or
from fixed phone. In case of long-distance
communication from mobile phone, the choice of
transit carrier will be made by mobile carrier at its
discretion. In case of national or international
communication from fixed phone, User 1 can
make a choice himself.

National
Operator 4

International
Core Network

National
Operator 1

I e B

:" Local —

I Operator 2

I i
2[ Sasa - —

___________ ] 853 ...

61

other region ||

I

I

National National |
Operator 2 Operator 3 I
I

I

e 5&:}::./' "\

858 .

Fixed Local
Operator 1

- |
851 ...,856 ...

Ly
L
L
Ly
Ly
Ly
Ly
Ly
Ly
Ly
Ly
region||

Pic. 2. User choice opportunities

So, the number consists of the prefix of access to long-distance telecommunication — 8, access code to the long-
distance communication operator (2 or 4 digits). Then, in case of an international communication, the sequence is
as follows: the international communication country code [2], the area/operator code and the subscriber number.
In case of national communication in Russian Federation, ABC/DEF (area/operator) code and then 7-digits
subscriber number go straight away after the long-distance telecommunication prefix “8” and the access code.

Total B-number structure is shown on the picture 3.

P(AC)(ABC/DEF)abxX2X3X4Xs

I

preffix =8
Acess Code = 53, 58

Codes ABC/DEF = 495, 916

Pic. 3. B-number structure
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If it is making a national connection then the long-distance operator delivers the call to the requested region of
Russian Federation and terminates it to the Local Operator network, where User 2 telephone station is situated. If
it is necessary to direct the call to an international network then the transit operator (e.g. National Operator 2) can
choose the operator in the traffic terminated country or choose International Network for routing. It is important
that if we do not deliver the call by one operator (it named “first choice operator”) then the next operator can be
chosen etc. We need to take this fact into account while measuring on the transit network. As a result, one dialing
by User 1 the User 3 number can deliver several calls into the network of transit National Operator 5 from
international operators (see picture 2). So, we can obtain repeated calls (caused by equipment) between National
Operator 5 and Local Operator 3. The reason of these calls can be e.g. congestion in the Local Operator 3
network, and National Operator 2 tries to use all alternative routes of the international network to deliver the call.

An opportunity of the International Network choice is non-unique reason of the equipment to cased repeated
calls. Let us take up the transit operator network itself. Some switches of this network are connected every one to
each other and some are not. As a result, a call is going sometimes via two or three consecutive trunk groups of
the transit network. On every switch, an opportunity of the automatic choice of the route undoubtedly exists. ?The
number of alternatives is not more than three. But even so, we can observe several dozens of CDRs (Call Detail
Records) for unsuccessful repeated calls under the measurement in the transit network. At the same time, the
real initial call can be successful. PDD (Post Dial Delay) period [3] of this call is on several seconds longer than of
the normal one (this time is wasted for unsuccessful repetitions), and measured ASR (Answer Seizure Ratio) for
the sample of such calls is dozen times lower than the real one.

All the mentioned above should be taken into account when we choose a measurement point to obtain the
quantity dependence of the user-generated repeated calls number.

Clean Answer Seizure Ratio and quality of service parameters

For the traffic management tasks it is necessary to take into account QoS parameters. One of the most important
QoS parameters is ASR [4]. This parameter is defined as “On a route or a destination code basis, and during a
specified time interval, the ratio of the number of seizures that result in an answer signal, to the total number of
seizures” [8].

There are some repeated attempts among these call attempts. Let repeated call be the unsuccessful call that was
done after the previous one from the same A-number to the same B-number during short time interval
comparatively to the previous unsuccessful call. Unsuccessful call means that the result of this attempt does not
enlarge NER (Network Effectiveness Ratio) parameter. In other words, if QoS in the given direction became
perfect then the observed sample would not contain the repeated attempts.

Itis clear that since many QoS parameters are ratios of something to the number of all calls, all these parameters
are distorted with repeated calls. In this case it is useful to consider “clean” QoS parameters, e.g. “clean” ASR.
Let us name it CASR - Clean Answer Seizure Ratio.

Let £ be the mean number of repeated calls attempts per one initial call attempt (initial call attempt is “The first
attempt of a call demand that reaches a given point of the network” [8]) in the given direction. This number
depends on ASR in general. Therefore if the common number of arrived calls is # then the number of initial calls

nin IS nin =

k+1°

So, ASR =M-1OO, where n_ is the number of answered calls. And previously defined by us “clean” ASR,

ans
n

CASR = Hans. -100 amounts to
n

in

CASR = ASR-(k +1). (1)
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CASR parameter allows to calculate directly the income which is not got amount in full because of insufficient
QoS. Its amount according to E.420 ITU-T after the introduction of “clean” target ASR — CTASR (Clean Target
Answer Seizure Ratio) can be presented as %-100. The company receives less this percentage

of its income from the traffic on given direction if QoS is low on it.

Repeated calls and quality of service parameters

Let p be loss for the given direction which causes the repeated calls. Then mean repeated calls to initial ones

ratio [5, 6] is
p=_tr 2)
1-Hp

where H is the subscriber persistence.
We can not measure p in the network directly. For interpretation we were guided by the definition of successful

call from the network point of view according to ITU-T E.425 recommendation [7]. But this recommendation itself
has a complicated fate. At first, there was no NER parameter in it in 1992. Then in November, 1998, this
parameter is sharply defined through the definite set of CV (Cause Values) in SS7. And in one of the last versions
in March, 2002, they prefer already not to list definite CV constituent NER, but to say common words about the
dividing of all CV on user's and network’s one, or to put it more precisely about the impossibility of such exact
dividing.

In this paper, we assumed the set of CV for NER definition by the 1998’s version of E.425 and the value of
measured losses is equal to

_p DNER 3
=" 100 G

Not all calls that included in these losses bring about the subscriber starts to repeat calls. Thus measured losses
can be divided into two components: losses p that cause repeated calls and constant (relative to quality) losses

p. that don't cause repeated calls. Losses that cause repeated calls are applied to part of calls that already
suffered from losses that don’t cause repetitions. Therefore,
q=1-Q0-p.)1-p) (4)
and by expressing p through g and substituting in (2) we get
k(g) = (g-p)H

1-p.—(¢g-p)H

In formula (5), the repeated calls to initial ones ratio dependence of measured loss for given p. and H is

(5)

expressed.

Losses and repeated calls effect on network redimensioning in the overall telecommunication system with
channel switching are detailed considered in [9].

Persistence and constant loss measurement

In the OJSC “MTT" network, we measured the repeated calls to initial ones ratio dependence of losses. Indirect
result of this measurement is the finding of the subscriber persistence and those losses component which does
not case repeated calls. The volume of aggregation was generated by 1000 initial calls. A call was accepted as
the repeated call if it was an unsuccessful call that observed from the same A-number to the same B-number not
later than in 10 minutes after the previous one.
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Pic. 4. k(g) dependence for the Uzbekistan mobile (+99893*) destination

Measurement results for Uzbekistan mobile (+99893*) destination are shown in the picture 4. In this example, the
subscriber persistence estimation // = 0.8 and the losses component estimation p, = 0.5. The next example

for Yakutiya fixed (+7411*) destination gives H =0.64 and p, = 0.1 (see picture 5).

0.25

- . /
o
8
°©
©
° 0.15
8
c & experiment
=1 theory
3 *
Q
§ 0.1 /v
Q.
o
=
<

0.05

0 T T T T T ]
0.1 0.15 0.2 0.25 0.3 0.35 0.4
g - measured loss

Pic. 5. k(q) dependence for the Yakutiya fixed (+7411*) destination
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Conclusions

For any measurement in the telecommunication network, we should avoid those points of measurement where
the equipment initiated repeated calls exists. Man-initiated repeated calls should be taken into account if we want
to estimate the real QoS from the subscriber point of view. Modern telecommunication networks have so many
alternatives for a subscriber that this parameter estimation is hardly important to keep clients of service.

The repeated calls to initial ones ratio dependence of the network measured loss is expressed by equation (5).
This dependence is obtained theoretically and it is in accordance with the practice. The subscriber persistence
and the constant component of loss may differ for different destinations.

The dependence k(g) is nonlinear one. By this reason the measured QoS parameters are distorted by repeated

calls. The more losses are the more this distortion is. Taking the dependence form into consideration allowed us
to create the operator choice algorithm based on the QoS parameters “cleaned” of repeated calls for OJSC “MTT”
traffic management system.

Other important application of the results obtained is in network management and optimization: values of
k(g) and H are important input for network redimensioning and operative resource assignment.
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APPLICATION OF GSM NETWORKS TO CONTROL THE HARDWARE
OF SCIENTIFIC AND EDUCATIONAL LABORATORY COMPLEX
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Abstract: The presented paper describes a technique of remote access to the distributed information
measurement and control system on basis of GSM technologies. The mechanism of remote access is
implemented by means of mobile device and Siemens TC65 GSM terminal and includes developed software for
transferring packets of commands between the terminal and mobile device. The terminal is connected to the
distributed computer network of the laboratory complex via Atmel ATNGW 100 microprocessor board. The
application protocol of the distributed information measurement and control system is proposed for interaction of
mobile client and GSM server. Packets of the protocol are encapsulated in SMS messages. The access to
physical equipment is realized through the standard interface servers (PXI, CAMAC, and GPIB), the server
providing access to Ethernet devices, and the communication server, which integrates the equipment servers into
a uniform information system. The system is used for researches in optical spectroscopy and for education at the
Department of Physics and Engineering of Petrozavodsk State University.

Keywords: GSM networks, distributed information measurement and control system, GSM terminal, access
equipment server, distance learning.
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Introduction

Modern laboratory complexes usually represent distributed control systems for experiment, providing access to
their resources over the Internet. However, in order to improve accessibility of laboratory complexes and, at the
same time, enhance their protection against unauthorized access, it is reasonable to develop alternative concepts
of control for experiment. Moreover, the implementation of these concepts can serve as a standby or parallel form
of access to laboratory equipment, as well as the main form. In particular, it is possible to realize the remote
control for equipment through GSM networks. Usage of GSM devises provides communication between
experimenter, who can be located almost everywhere, and automated laboratory complex, even if it does not
have connection to the global computer network. Advantages of a such approach can be considered as an
opportunity to monitor the experimental setup, as well as significant savings of time and money, that would have
been spent by experimenters in case of direct service of equipment in the process of long term measurements.

At the Department of Physics and Engineering of Petrozavodsk State University the distributed information
measurement and control system to support scientific and educational process was created [[aBpunos et al,
2002] - [Kiprushkin et al, 2008]. This heterogeneous system includes client programs for direct control of
experiment, the communication (central) server — integrating part of the system, equipment access servers (the
CAMAC server, the GPIB server, the PXI server, the Ethernet devices server, the GDS-840 digital oscilloscope
server, etc), measuring and executive devices and, also, the database server. The system software was written in
Java. This system was designed to research the process of excitation in the atom-atom collisions [Kurskov et al,
2008], to conduct laboratory classes on the spectroscopy of beam and plasma installations, and to study the bus
interfaces for data acquisition in the course “Automated systems for research” and also in the course “The
organization of remote access to automated systems for information processing and management”.

Access to the system equipment has been provided via networks based on TCP/IP protocol stack.
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The aim of this work is to provide access to the distributed system via GSM networks. To achieve this aim we
created the GSM terminals server, which implements interaction with the communication server of the system.
Also we developed a special software for mobile phones. This software ensures rapid and effective formation of
command packets and forwards them to the system server by means of Short Messaging Service (SMS).

GSM Access to Laboratory Complex

To work with mobile devices (mobile phones, computers with GSM modems) the system was extended by the
Siemens TCB5 cellular terminal with support of a variety of technologies such as: GSM 850/900/1800/1900 MHz,
GPRS Class 12, standard industrial interfaces and Java software development (Java environment allows to run
applications directly on the microprocessor terminal). The terminal has a built-in TCP/IP protocol stack. The
security of transmission is ensured by using HTTPS and SSL data transmission protocols.

The scheme of the interaction between a mobile phone and the distributed information measurement and control

system is shown in Figure 1.
AY

(i)
((a) é < % ATNGW100
Mobile Phone Base Station

Siemens TC65
Terminal Ethernet

( 0

Communication
Server

Experimental Setup
Figure 1. The scheme of the interaction between a mobile phone and the distributed information
measurement and control system

Equipment
Servers

In order to manage the GSM terminal and to connect it to Ethernet environment the Atmel ATNGW 100
microprocessor card was used. This card is based on AT32AP7000 32-bit microcontroller with RISC architecture.

As a control device, it completely replaces the personal computer with the clock frequency 133 MHz and several
gigabytes of disk space. The Atmel ATNGW 100 board has a large set of interfaces (USB 2.0, RS-232, Ethernet,
etc) and also 62 general purpose /O ports. It runs Linux kernel based operating system.

The GSM terminal server for this board was written in Java. The main function of the server is to provide packet
exchange between a GSM client and the communication server of distributed system. The functionality of the
server also includes check of packets integrity, access control based on clients’ phone numbers, forming answers
in a readable format and sending them to clients, etc. In fact, it is a link between experimenter and the distributed
information measurement and control system. The server connects to the terminal via RS-232 interface.

Command packets, which are formed, for instance, by mobile phone, consist of instructions for equipment servers
of the distributed system. Response messages contain various information, e. g. current system state and results
of packet processing.

The terminal receives instructions from mobile devices via SMS messages, which can be typed on mobile phone
manually or with help of special software, including support of encryption. Further, the terminal informs the server
about received message (in a single frame or packet). The terminal server receives frames and transmits them to
the central server of the system. Thus, the terminal server plays a role of standard client of the automated
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system. Feedback is also performed by means of SMS messages. So the state of claims to the command
processing and the progress of experiment can be observed on the fly.

The terminal server (as any server with access to the system equipment) has a typical structure and the only
difference is a library of methods, which realize interaction with the GSM terminal. The server processes requests
sequentially. The server includes such classes as:

o GSMS is the main server class. It implements "listening to the network", connects to the communication
server, ensures terminal initialization and sets the terminal to waiting for message mode;

o CServerProtocol defines operation codes, error codes and other constants of the communication protocol;
o QueryToEServer describes "request frame to server" object and methods of access to this object;
o ReplyFromEServer defines "response frame" object and methods of access to this object;

o GSMLib includes library of methods of access to the terminal. These methods implement AT commands
delivery, as well as data receiving and data sending. I/O operations with COM port are implemented by
means of external methods, written in C ("native" methods in Java).

During testing of earlier versions of the server (for personal computer, not for the ATNGW 100 microprocessor
board) we discovered several deficiencies. Both the server and the client lack security. The possibility of
packages interception and substitution was not taken into account. Another issue concerns ineffective use of the
transmission medium.

For elimination of these disadvantages the software unit responsible for reception and transmission of messages
has been significantly updated and modified. In particular, now the content of SMS message is ciphered and
compressed with usage of progressive algorithm that allows to increase a quantity of the helpful compressed
information in a message with comprehensible duration of process of compression.

In the packet mode ([KunpywkuH et al, 2007] and [Kiprushkin, Korolev et al, 2008]) the short sequence of
integrated commands is transferred to the system, then the client is disconnected from the system. After the "start
packet" command the communication server saves all subsequent commands to the file until it receives the "end
of the package" command. Further, the server sequentially reads commands from the file and sends them to the
appropriate equipment servers for execution. On the completion of all commands, the client receives a notification
of the possibility of obtaining results. When equipment failure occurs the client, in accordance to the application
protocol of the system, will receive an error message. In case of a fatal error the package execution will be
stopped, and the client will get an appropriate message.

The developed software for a mobile phone forms packets of instructions for remote control of equipment. Each
package consists of a frame collection defined by the protocol of the distributed information measurement
system. The frame of the protocol for data exchange between a mobile device and the communication server
contains an address array, function code, data type, a key (it is intended for system administration) and data
[Gavrilov et al, 2002]. User interface enables sequential input of frames by selecting them from the list with further
saving them as a package. The "transfer ready" command initiates the encryption of the package and the process
of sending SMS message. The penultimate frame of the SMS message sets the value of time interval between
the messages informing the experimenter about the state of the experiment. The package reception is confirmed
by the communication server.

This special software was written in Java and intended for phones that support Java2ME platform.

Conclusion

The realized access method to resources of the distributed system has a special value for remote training and
performance of some laboratory works in the course of full-time education. When computer classes, buildings and
laboratories change their configuration and network security policy, the offered approach allows to bypass local
area networks and provides uninterruptible access to the system.
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Besides, the ATNGW 100 board allows to use computing system resources more rationally, increases period of
offline work of the terminal server (with help of uninterruptible power supply), and also reduces cost and sizes of
the GSM subsystem. This implementation of mobile segment of the system (perhaps with minor modifications)
can be interesting not only for the remote control of experiment, but also for solution of other applied tasks.
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BBeaeHue

CoBpeMeHHble CryTHUKOBbIE JaHHble NPeACTaBNstoT 0cobblil MHTEPEC ANS pPeLleHns pasHoobpasHbIX 3agay u3
obracten Hayku, CenbCKOrO XO3AWCTBA W Ap., B LENAX CHWXEHUS PUCKOB CTUXUIHLIX 6encTBUiA, OLEHKM
nocneacTBuin NPUPOLHLIX U TEXHOreHHbIX KaTtacTpod. [aHHble AWCTaHUMOHHOrO 3oHauposaHus (033) no
CPaBHEHMIO C [aHHbIMW HaseMHblX HabniogeHun obnagalT psaoM NpeuMylwlects, B T.M. CTOMMOCTb,
JOCTYMHOCTb, OMepaTUBHOCTb. [loaToMy Kpyr noTpebuteneit aspokocMuyeckon MHdopmauuu B YkpauHe W B
MWpE pacLLMpseTcs.

B YkpauHe [goctaToyHO GOnblUOe KONMYECTBO OpraHW3aluii 3aHUMaeTcs peLleHMeM  pasHooGpasHbIX
TEMaTUYeCKUX 3afay, CBA3aHHbIX C aHanu3oM fdaHHbix [33. Mo Mepe pelueHns nMogoGHbIX 3adady B Kaxmoin
opraHu3auMM  HakannuBaeTcsi  COOCTBEHHbI  apXWB  TEOMPOCTPAHCTBEHHbIX  AaHHbIX,  3((EKTUBHOE
MCMoNb30BaHe KOTOPOro HEBO3MOXHO 03 ero katanorusaui.

B YkpauHe paspabatbiBaeTcsa uHcopmaumorHas cuctema GEO-Ukraine [1], koTopas LOmkHa CTaTb YKPaUHCKM
CErMEeHTOM B MexayHapogHon cucteme cuctem Habnopenuin 3emnm GEOSS (www.earthobservations.org). B
pamkax cuctembl GEO-Ukraine (http://www.geoss-ukraine.org.ua) ogHOM W3 MPUOPUTETHBIX 3adady SIBMSieTCs
obbeanHeHre yxe CyLecTBytoLLmMX 6a3 reonpoCcTPaHCTBEHHbIX JaHHbIX. OgHAKO OHYU UMEIOT CIOKHYI0 CTPYKTYPY,
pasHble hopmaThl, YacTo BonbLIoN 06beM, He NO3BONSIOLMIA aKTUBHO MCMONb30BaTh AaHHble B ceTh Internet.
3anorom 3thPeKTMBHOTO UCNOMnb3oBaHUs daHHbIX [33 ABnsetcs WMHGpPacTpyKTypa XpaHeHws, noucka W
NpeaoCcTaBneHns 3TUX AaHHbIX HA OCHOBE UX CTPYKTYPUPOBAHHBIX ONUCAHUIA — METaJaHHbIX.

MeTagaHHble NpefocTaBnstoT HEOOXOAMMBI M JOCTATOYHbIA 06bEM MHGOpMaLMKU HeobXoauMbIn Ans TOro,
4TObbl MOHATL NPUPOAY U CyTb COAEPKaHUs OnucbiBaemoro Habopa AaHHbIX. B gaHHOe Bpems MeTagaHHble
SBMAIOTCA HEOTHEMIIEMON YacTbio MPW CO3MaHUM XPaHUMMLY, JaHHbIX U UX kaTanorusauun. CosgaHue Takoro
kaTanora MeTafaHHbIX YNpoLlaeT yrnpaBfeHWe, CO34aHWe 3anpocoB, MOMHOLEHHOE UCMOoMNb3oBaHWe |
MOHWMaHKe AaHHbIX. [ns yHUdMKaLMKM NpoLeccoB noucka U npefocTaBneHns MHGopMaLmn B paMmkax eguHOM
cucteMbl Heobxoauma cTaHgapTM3aumus Habopos 1 hopMaToB NPEAOCTABNEHNS METafaHHbIX, T.e. He06X0AMMO
pa3paboTtaTtb Npoub MeTafaHHbIX.
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CywecTByHLMe pelleHmns

Mpobrema co3gaHns kaTanoroB MeTafaHHbIX CTana akTyanbHOM B CBS3W C B3pbiBOOOPA3HbIM YBENNYEHMEM
06BbEMOB AaHHbIX, NOCTynawwwmx co cnytHukoB [33. Ha AaHHbIi MOMEHT kaTanory MeTafaHHbIX CO3AaHb
BELYLUMMN HALMOHANBHBIMU KOCMUYECKAMU areHTCTBaMM, MOCTaBLUMKaMM M AuCTpUbbIoTOpamMu AaHHbIx [33,
Hay4YHbIMM OpraHu3auusMu, paboTarLwmMK CO CYTHUKOBLIMI AaHHbIMW. Cpean CyLecTBYHOLMX 3apy6exHbIX
KaTarnoroB MeTafaHHbIX criefyeT ynoMsiHyTb O katanore AaHHbix [133 EBponenckoro KoCMUYECKOro areHTCTBa
(ESA)  (nhttp://earth.esa.int/resources/catalogues/) un  katanore NASA EOS Data  Gateway
(http://delenn.gsfc.nasa.gov/~imswww/pub/imswelcome/).

Katanor metagaHHbix ESA Multi-mission Catalogue Service no3sonsieT nonb3oBaTensM BbIMOMAHAT MOUCK
AaHHbIx 133, oTobpaxatb pesynbTaThl NOMCKA Ha KapTe, aHanu3npoBaTh M30DpaxeHNs Ans NpeaBapuUTENbHOrO
npocmoTpa. lMpy noucke UMEETCS BO3MOXHOCTb YKasbliBaTb HEOOXOAMMbI HAabop CMYTHWKOB M CEHCOPOB, a
Takke 3agaBaTb BPEMEHHbIE M MPOCTPAHCTBEHHbIE XapaKTEPUCTMKW CHUMKOB. [lopdepxvBaeTcs ABa Buaa
nonb3oBaTenei — aHOHUMHbIE W aBTOPU3NPOBaHHbIE. ABTOPU3MPOBAHHBLIM MOMb30BATENAM NPefoCTaBnseTCs
JononHuTeNbHas ycnyra 3akaseieaTh AaHHble [33 B pexume online. Katanor cosgaH ansg npenocTaBneHus
JaHHbIX Kak co cnyTHukoB ESA (ERS-1/2, Envisat), Tak n gpyrux muccuin (Landsat, PROBA, SPOT). [ins atoro
kaTanora CO3[4aHO HECKONMbKO WMHTEpEencoB nonb3oBatens, B 4actHoctu Web-uHtepdpeiic  EOLI-Web
(http://eoli.esa.int/servlets/template/welcome/entryPage2.vm), n HactonbHoe npunoxeHne EOLI-SA. Oba
NPUINOXeHUs Co3AaHbl Ha OCHOBE TeXHOMOorMmM Java.

Katanor EOS Data Gateway sBnsietcs pacnpeaeneHHon CMCTEMOM Noucka 1 3akasa faHHbIx 33 1 pesynbTaTos
nx obpaboTku. MHTepdeiic nonb3oBaTens katanora peanusoBaH B Buae ToHkoro Web-knuenta. Moacuctema
noucka no3eonsieT ykasbiBaTb HAbOPbI AaHHbIX, BPEMEHHBIE 1 MPOCTPAHCTBEHHbIE OrPaHNYEHNS ANS NPOAYKTOB
[33, a Takke HeKkoTOpble AOMONHWUTENbHbIE NapameTpbl. [onb3oBaTenb MOXET NpocMaTpuBaTb aTpubyThl
CHUMKOB, NpeaBapuTenbHble 1300paxeHns AaHHbIX, a Takke MeTauHopmaumo 0 Habopax gaHHbIX, CYTHUKaX
n ceHcopax. Katamnor npegoctaenseT goctyn k gaHHeiM NASA, B OCHOBHOM K AaHHbIM npubopoB Ha GopTy
cnyTHukoB Aqua v Terra. Cuctema nogaepxvBaeT aHOHUMHBIX (guests) U 3aperncTpupoBaHHbIX NOb30BaTENEN.
lMocnegHwe MeKOT BOSMOXHOCTb COXPaHATb NapameTpbl MOMCKOBLIX 3aNPOCOB U Pe3ynbTaToB MOWCKA, a Takke
MOBTOPHO MCMOMNL30BaTh PEMUCTPALIMOHHYI MHEPOPMALMIO NPU 3aKa3e AaHHbIX.

Cpeamn YKpauHCKMX KaTanoroB MeTafaHHbIX CredyeT YnoMsHyTb KaTanor MeTafaHHblX, co3daHHbin B MHIL,
«Mpupoga» u B LleHTpe asapokocmuueckux uccneposannii 3emnm (LAKW3). Kartanor THIL «MMpupogbi»
poctyneH B Internet no agpecy http://www.pryroda.gov.ua/pryroda/search_film.do n nossonseT ocyLlecTenaTb
MOMCK CMYTHUKOBBIX AAHHbIX, KOTOPbIMM pacnonaraeT opraHusauus. Katamor cosgaH ans obneryeHus noucka
[aHHbIX KNMEeHTaMu AN 3akasa NpOoAyKuuM 3Toi opraHusaumv. lMowckoBas cucTema katanora no3sonser
OCYLLECTBASATb NOWUCK AaHHbIX, YKa3blBasi KOHKPETHbIN CMYTHUK UM CEHCOP, BPEMEHHbIE W MPOCTPAHCTBEHHbIE
OrpaHuyeHus Ang CHuMKa. MeeTcs BO3MOXHOCTb NPOCMAaTpuUBaTb MECTOMOMOXEHUS CHUMKOB Ha KapTe U
n3obpaxeHnss CHUMKoOB Ans GbicTporo npocmotpa. Katanmor LIAKU3 Ha AaHHbI MOMEHT JOCTYMEH TOMbKO B
Intranet-ceT 3TOM OpraHM3auMM W NO3BONSET NPOBOAMTL MOMCK MO aTpubyTam CHUMKA (CMYTHWK, CeHcop),
BPEMEHHBIM W NPOCTPAHCTBEHHBIM NapameTpaM cHUMKa. OTOenbHO CyllecTByeT WHTePdenc BHECEHUS HOBbIX
MeTapaHHbIX. Katanor cospaH ans nogaepxku paboT BHYTpU camoi opraHusauuu. B YkpawHe [ocTaToyHO
OonblUOe YMCMO OpraHM3auUmMin 3aHUMaeTCsl TeMaTnyeckon 00paboTkoi AaHHbIX [33 M MMeeT HakoMMeHHbIN
apxvB [aHHbIX, KOTOPbIM 3a4acTylo He CTPYKTYpupoBaH. [ apgeKTMBHOMO MCMOMb30BaHUS CYLLECTBYHOLLMX
JaHHbix 133 Heobxoaumo co3faHue kaTtanmora MeTafaHHbiX 0 JaHHbix [33. Mogenu meTagaHHbIX AaHHbIX
kaTanoros ByayT pacCMOTPEHbI Jarnee.

OpraHu3aums MHPaCcTPYKTYPbl MPOCTPAHCTBEHHbIX AAHHBIX U UX XPaHEHWs onpeaenstoTcs craHaaptTamu. OHu
3a/1at0T A3blIK 11 NpaBWIa B3AUMOAENCTBIS YHACTHUKOB, 6€3 KOTOPbIX 3TO B3aMMOAENCTBINE HEBO3MOXHO.

B naHHoe Bpemsi pa3paboTaHO MHOXECTBO CTAHLAPTOB MO MPeACTaBNEHNI0 MPOCTPAHCTBEHHbIX AaHHbIX. Psg
MeXayHapOAHbIX OpraHW3aLuii 3aHUMaeTcs NpobremMoit cTaHaapTM3aLUMM MeTafaHHbIX reonpOCTPAHCTBEHHbBIX
AaHHbIX.
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Cpeay psifa MexayHapoaHbIX OpraHu3aLin 3aHUMaloLMXCs CTaHAAPTU3aLMEN reonpOCTPAaHCTBEHHbIX AaHHbIX 1
reoMHMOPMALMOHHBIX CUCTEM Heobxoaumo oTMeTUTb PefepanbHbli KOMUTET NO reorpaduyeckum AaHHbIM
FGDC (http:/iwww.fgdc.gov/) paspaboTaBLunid 0anH 13 NepBbIX CTaHAAPTOB ANst MeTadaHHbx Content Standard
for Digital Geospatial Metadata. 3ToT cTaHgapT ucnonb3oBancd npu  NOCTPOEHMM HauuoHanbHo
WHPACTPYKTYPbI rEONPOCTPAHCTBEHHBIX AaHHbIX cryx6om CLUA.

Opranuzaums Open GIS Consortium (OGC) ©Obina ocHoBaHa B 1994 rogy C uenblo «obecneveHms
cneumndmrKaLmin NPOCTPaHCTBEHHOTO UHTEPdelica, AOCTYNHBIX AN BCeoOLLEero ncnonb3oanusy. OCHOBHas LeNb
koHcopunyma OGC — cosgaHne TeXHOMormin obecneymnBatoLLmx Npo3pavHOCTb B3aMMOAENCTBUS MPOrPaMMHbIX
CPeacTB pasHblX MPOWM3BOAMTENEN, BO3MOXHOCTb KOHBEPTUPOBAHUS [AaHHbIX pasHbiX OpMaToB U WX
COBMECTHOTO MCMONb30BaHMsl, OTKPbITOCTb (DYHKLMOHANbHBIX WHTEPMENCOB M YHUDMKALMA ANS KOHEYHbIX
nornb3oBarenen (WWw.opengis.org).

Hanbonee obuienpuaHaHHbIM W UCMOMb3yeMbIM B BOMbLIMHCTBE MEXOYHAPOAHBIX M HALMOHANbHbBIX MpOeKTax
asnsetca craHgapt 1SO 19115 Geographic information — Metadata MexayHapogHo opraHusauyum no
craHpapTtuaummn ISO/TC 211 (www.isotc211.0rg). [laHHbI CTaHAAPT PEKOMEHAO0BAH K UCMOMb30BaHMIO B paMKax
mexpayHapoaHon cuctembl GEOSS u unnumatusbl INSPIRE (Infrastructure for Spatial Information in Europe —
WHdppacTpykTypa Anst NpoCTpaHCTBEHHOM MHGOpMaumn B EBpone), koTopas SBNsieTcs OCHOBOW Anst obmeHa
reonpoCTPaHCTBEHHLIMM AaHHLIMM B paMKax eBponerckon nporpammel GMES (www.gmes.info).

Crangapr ISO 19115

OcHoBHOW 3ajaven CcTaHgapTa SBRSETCA OnpedeneHMe MeTogonorMu (OpMUMpOBaHUS MeTadaHHbIX Ans
reorpadguyeckon MHcopmauun. B cTangapTe onpegeneHa TepMUHOMOrS, METOAONOMMs M YHUBEpCasbHbIN
Habop 3neMeHTOB MeTafaHHbIX, MOCPEACTBOM KOTOPbIX 3TV MeTafaHHbIE OMUCHIBAKOTCS.

[laHHbIN CTaHaapT onpeaenser:
- obsa3atenbHble (O) 1 ycnoHble (Y) nakeTbl METaAaHHbIX, UX CYLLHOCTY U 3NEMEHTbI;

— HeobXxoauMbI 1 AOCTaTOMHbIA Habop MeTagaHHbIX, Ans GOMbWWHCTBA CRyYaeB WX UCMOMb30BaHMS (MOMCK
JaHHbIX, OnpefeneHne COOTBETCTBMS [AaHHbIX, AOCTYN K AaHHbIM, nepedada AaHHbIX W UCMonb3oBaHue
UMchpoBbIX AAHHBIX);

- Heobsi3aTenbHble (H) aneMeHTbl MeTafaHHblX, MO3BONAIOWME pPaCMPWUTL CTAHAAPTHOE —OnKcaHue
reonpoCTPaHCTBEHHbIX JaHHbIX MPK HEOOXOAUMOCTH.

MeTagaHHble NpeacTaBnsTca coBokynHocTolo UML-nakeToB. Kaxablit nakeT UMEET CMbICIIOBOE HaMOSTHEHME U
XapakTepuayeT TOT MMM MHOW acnekT MeTafaHHblX. [JOCTOMHCTBOM 3TOrO CTaHAapTa SBMSETCS TO, YTO OH
npeacTaBneH Ha YHueepcanbHoM s3blke mogenupoBanus (UML), Tak kak UML-gnarpammbl  MoryT
MCnonb3oBaThCs ANA reHepauuu cxembl 6asbl AaHHbIX B MOAHOM COOTBETCTBMM C 3TUM CTaHgapToMm. B
craHgapTe onpepeneHo 14 UML-nakeToB, Kaxabli U3 KOTOPbIX COCTOUT U3 OOHOWM MM HECKOMbKUX CYLLHOCTEN
(puc. 1). CywHoctb (UML-knacc) dopmanbHO onucbiBaeT rpynnbl 06bEKToB, koTopble 06nafatoT OAMHAKOBbIM
HabopoMm xapakTepucTuk. Knaccel cogepKaT aneMeHTbl (aTpubyTbl), XapakTepuaytoLe KOHKPETHBIN 3K3EMNIISP
MeTafaHHbIX.

CraHgapToM oOnpedeneH KOHKPETHbIN Habop 9NMEeMEHTOB MeTafaHHbX, OHAKO [aneko He BCE M3 HUX
MCNONb3YIOTCA MPWU ONUCaHUU TOIM UMK WMHOM reorpadpuyeckor uHdopmauun. MNoaTomy akTyanbHoW 3afaven
ABNAETCA CO3A4aHMe NPONUNSA MeTafaHHbIX ANs PeLeHNst KOHKPETHOW 3agauu.

Mpocdunb MeTagaHHbIX SBNSIETCS KIOYEBbIM NOHATMEM reonpoCTPaHCTBEHHbIX CTaHaapToB ISO n onpepenset
cneumdmyecknit Habop aTpubyToB MeTafiaHHbIX, KOTOpble AOMKHbI ObiTb 3aMONHEHbI B ONMUCAHUW OIS TOrO,
yTOBbI AAHHOE ONMCaHWe YAOBMETBOPSNO AaHHOMY npodnnto. MpegycmaTpyBaeTes, YTo NPOdUIM MeTagaHHbIX
MOTYT CO3[aBaTbCs Kak OTAENbHbIMW OpraHM3auuMsiMi, Tak W KOMUTETamK, paboTalolWMMK B HanpaBreHun
rapMoHu3aLuu. B cTaHgapTe nonHOCTbI0 NponucaHa npoLesypa Co3Aanus npodunst MeTagaHHbIX.
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B kayecTBe OCHOBbI Ana opmupoBaHus npocuns onpeaeneH 6a3oBbii HAOOP 3MEMEHTOB MeTadaHHbIX
Ha3blBaEMbIN «SAPOM METafaHHbIX», HeoOXOAWMbIA ANs OCHOBHOMO AOKYMEHTUPOBAHMS reorpacuyeckmx
JaHHbIX. ONeMeHTbl «siapa MeTafaHHbIX» NPefoCcTaBNsoT MUHUMANbHbIA 06beM MHOpMaLmMK, HeOOX0aNMBIA
OIS TOHUMAHMS NPUPOAbI U COAEPKaHNA OMMCbIBAEMOro Habopa JaHHbIX:

— MHOPMaLMS 0 METAAAHHBIX;

— UHOpMaLYS O AAHHBIX;

— UHopMaLys 0 crocobe NonyYeHUs AaHHbIX;
— MHOPMaLYst O CUCTEME KOOPAMHAT;

— UHOpMaLWS O MPOUCXOXKAEHNN AAHHBIX.

JononHsis 6a30Bbi Habop MeTagaHHbIX ApyrMK 3nemeHTamu, obecneumBaeTcs Heobxogumasi CTeneHb
AeTanu3aLum B 3aBUCMMOCTM OT peLlaemoil 3aauu.
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Puc. 1. UML-nakeTbl MeTagaHHbIX

Co3paHue npoduns cTaHgapTa MeTagaHHbIX

Mpodhunb MeTagaHHbIX paspabaTtbiBaeTcs C y4eToM creumdukm npegMeTHoW obnactn B 3aBMCMMOCTU OT
peliaeMblx 3aday U NpeacTaBnseT coboi HEKyK «MPOeKuWto» CTaHdapTa Ha npeaMeTHyr obnacTb (puc. 2).
lMpodunb MeTagaHHbIX ANS YKPAaUHCKOro cermeHTa AomkeH BbiTb BrnskuM K MexayHapoaHbiM paspaboTkam B
aToOM 06nactM ¥ COOTBETCTBOBATb WHTepecaM YKkpawHbl B NULE OpraHu3auuit, KOTopble SBSKTCS
nomnb30BaTENAMM reonpOCTPAHCTBEHHbIX AaHHbIX.

B crangapte I1SO Ne19115 nponucaHbl crieaytoLyve npaeuna co3faqus npodmns:

1. MNepep co3gaHnem npoduns HeoGX0AMMO NPOBEPUTL 3aPErMCTPUPOBaHHbIE PO,

2. Mpodhunb cosgaeTcs B COOTBETCTBUM C NpaBunamMm Ans onpeaeneHns paclumpeHui.

3. B npochurne He M3MEHAKTCA UMEHa, ONpeaeneHns Unu TUMbl AaHHbIX 3IEMEHTOB METafaHHbIX.
4. Tpodunb JOMKEH coaepxaTb:

— 9NeMeHTbI AApa MeTafaHHbIX;

— BCe 0bs13aTeNbHble ANEMEHTbI MeTafaHHbIX BO BCex 00513aTeNbHbIX CEKLNSX;

— BC€ YCITOBHbIE 3NIEMEHTbI METa[aHHbIX BO BCEX 00s13aTeNbHbIX cekymsax, ecnm H860p AaHHbIX YOOBNETBOPAET
yCnoBuio, Heo6xo,qmmomy 4N BKNIOYEHUA 3NEMEHTOB MeTa[laHHbIX B COOTBETCTBYHOLLYHO CEKLINIO;
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— BCe 0Bs3aTenNbHble 3MeMeHTbl MeTaflaHHbIX BO BCEX YCMOBHbIX CEKLAX, eCrM Habop AaHHbIX YA0BNETBOPAET
3a[jaHHOMY YCTOBHIO;

— BC€ YCNOBHbIE 3NEMEHTbl MeTafaHHbIX BO BCEX YCMOBHbIX CEKLUAX, eCnu Ha6opa AaHHbIX YOOBNETBOPAET
yCnoBuio, Heo6xonmmomy ONA Hann4nMa AaNemMeHTOB MeTaAaHHbIX 1 CEKLINN.

5. B3auMmocBsian Mexay CyWHOCTSMM W nakeTamMu MeTafaHHbIX [OmkHbl ObiTb OMpeaeneHsl CTPOro B
COOTBETCTBUM CO CTAHAAPTOM.

6. Mpodunb gormkeH GbiTb 4OCTYNHBIM KaXaoMy NONb30BaTENHO, MOMyYatoLLEMY U UCTIONb3YIOLLEMY MeTaflaHHbIe
Cco3aaHHble B COOTBETCTBUM C 3TUM NpOureM.

MoneaosaTensckui
npoduns
Anpo METAAAHHBIX
MeTafaHHbIX
>
Pacwuperue
MonHblit Habop MeTagaHHbIX cTaHgapTa

METafaHHLIX

Puc. 2. MexaHn3mM co3gaHus nonb3oBaTesibCkoro Npomnng MeTagaHHbIX

Co3gaBaembil Npodmnb MeTagaHHbIX Anst MHdopmauuoHHon cuctembl GEO-Ukraine fgomkeH yuuTbiBaTbh
cywecrsytowme npocunu metaganHbix THML «Mpupoga» u LLAKWS. TMons, onucbiBatowme AaHHble 3TWX
LieHTPOB NPUCYTCTBYIOT B pa3pabaTbiBaeMoM npodue B COOTBETCTBUN CO CTAHAAPTOM.

B kaTanore metaganHbix IHIL «Mpupoaa» cogepxatcs cneaytolme atpubyTbl CHUMKOB:

CNYTHWK, AATYMK, METOA PErnucTpaLmun U3oBpaxeHnsl, NPOLEHT 00NaYHOCTM (1S ONTUYECKUX CHUMKOB), PETVOH
CHAMKa (B TEKCTOBOM BMAE), [aTa M BPeMsl CbeMkW, MHGOPMaLMs O CneKTparibHbIX KaHanax u3obpaxeHus,
MPOCTPAHCTBEHHOM paspelleHu, dopmate U pasMepe AaHHbIX, KOOPAMHATbI YINOB CHUMKA, U HEKOTOpbIE
Apyrve napameTpbl. [lononHuTenbHo cogepxutcs RGB-u3obpaxeHue CHUMKa Ans NpeaBapuUTenbHOMo
npocmMoTpa.

Katanor metaganHbix LIAKIA3 cogepxut 4 OCHOBHbIX MHGOPMALMOHHBIX rpynnbl pa3paboTaHHOro npoduns:
WHOpMaLMS 0 MeTadaHHbIX, MOAEHTUPUKALMOHHAS UHAOpMaLWs, cnocob pacnpocTpaHeHUst AaHHbIX, CCbIka
Ha Brnagenbla AaHHblX, MHGopMauus 06 MHCTpymeHTe. MHopmaums O MeTagaHHbIX B AaHHOM KaTanore
OpraHM3oBaHa Mo MepapxmMyeckoMy MPUHLMMY, Takke CO3haHbl CrOBapu, KOTOpble BKIHOYAOT BECh NEpeyeHb
[O0MYCTUMBIX 3HaYEHUI COOTBETCTBYIOLLMX aTpUbyTOB.

Heobxoammbim aTpnbyTOM MeTagaHHbIX SBnsieTcs MHAopmaumus 06 ypoBHe 006paboTKM KOCMUYECKMX CHUMKOB.
Komutetom CEOS onpeaeneHbl ypoHu obpaboTku gauHbix LO, L1A, L1B, L2, L3, L4. B pamkax atom
knaccudukaumm ypoBeHb 00pabOTKM CHUMKA BapbupyeTcs OT HeobpaboTaHHbIX [LaHHbIX TENeMEeTpun Co
cnyTHUKa (ypoBeHb LO) fo pesynbTaToB MOAenMpoBaHNs ¢ UCnonb3oBaHneM gaHHbix 133 (ypoeHb L4).

Obsi3aTenbHbIM - 3MEMEHTOM  NPovns  MeTafaHHbIX  JomkHA  ObiTb  MHAOpMauus 06  u3obpaxeHun
npegBapuTensbHoro npocmotpa. [pu 3ToM xenaTenbHO, 4TOObl 3TW W300paxeHus cogepkanu AaHHble
reorpacpmyeckon NpuUBS3KK, YTO NOIBONMT CO3AATb NOTHOMYHKLMOHANBHLIN MHTEPENC NONb30BaTENS KaTanora
MeTafaHHbIX.

Katanor meTagaHHbIX

Katanor metagaHHblX, paspabatbiBaeMblil B MHCTUTYTE KOCMWYECKUX WCCEeLOBaHMM, NpeacTaBnseT cobon
eanHoe XxpaHunuwe meTagaHHbix 0 AanHbix [33 cuctembl GEO-Ukraine. B 6yaywem katanor takke Oynet



International Book Series "Information Science and Computing" 75

NPeaoCTaBnaTb MHGOPMALMIO O AaHHBIX U3MEPEHUiA in-situ, pesynbTatax TemaTiyeckoit 06paboTku AaHHbIX 033
W pesynbTatax mogenupoBanus. CosgaHue Takoro katanora 6yget cnocobcTBoBaTh 0GBEAMHEHWIO YCUNWIA B
pamkax cuctembl GEO-Ukraine, co3gaBaemoii nog armpoit HaumoHanbHOro KOCMMYECKOrO areHTCTea YKpauHbl
KaK HaLMOHANbHBIA CEerMeHT MexayHapoaHon cuctembl GEOSS [2]. B yacTHoCTW KaTanor nosonuT ubexarsb
pybnmpoBaHus paHHbix B cucteme GEO-Ukraine, cywectBeHHO ynpocTutT 06pabotky AaHHbix [33,
pacnpefeneHHyto Mexay HEeCKOMbKAMM OpraHu3aumsmMi (B NepByro oYepesb aBTOMATUYECKYH), YNPOCTUT 3aka3
ycnyr Ha 06paboTky AaHHbIx [33.

B pesynbTate aHammsa notpebHocTei coobwectsa [33 B YkpauHe Obino BblgeneHO crieaytolme rpynnbl
nonb3oBaTenen katanora MeTagaHHbIX:

e npeacraeutenu coobuectea [133 B YkpauHe, Kenatowme nony4uTb AOCTyn K AaHHbIM [33;
e MpeAcTaBMTENM NOCTABLMKOB AaHHbIX [133 1 npoaykToB nx 06paboTky;
e  aBTOMATM3MPOBAHHbIE M MOTHOCTLI) aBTOMATUYECKME CUCTEMBI 0BPabOTKN AaHHBIX.
Vcxons 13 BblAeneHHbIX rpynn nofb3oBaTenei, onpeaeneHbl 0CHOBHbIE NPeLeeHTbI UCNONb30BaHUs KaTarora:
® VIHTEPAKTMBHbIN MOWUCK AAHHbIX;
e aBTOMATWUYECKUIA MOUCK LaHHbIX;
e BHECEHWe MeTadaHHbIX B CUCTEMY.

CoobuectBo GEO-Ukraine cocTouT U3 TepputopuarnbHO pacnpeeneHHbiX OpraHn3aLUmi, KoTopble 3aHUMatTCs
obpaboTkon AaHHbIx 33, LeHTpoB npuema aaHHbIx 133, 0bpaboTkoi U xpaHeHnem. B Takoit pacnpeneneHHo
cucTeMe CyLIecTBYIOT [Ba MOAXOAA OpraHW3auuu MeTafaHHbIX B €4MHOE XPaHWMULLE: LEeHTpanu3oBaHHbIi 1
JeLeHTpanm3oBaHHbIN.

Peanusauns peueHTpanu3oBaHHoro cnocoba W COOTBETCTBYIOLIEN apXWUTEKTYPbl EAMHOTO  XpaHUnuLia
MeTafaHHbIX MNoKasaHbl Ha puc.3. B pamkax [OeLEeHTPann30BaHHOTO MoAxoda MeTadaHHble XpaHsTes
HenocpeaCTBEHHO B OpraHM3auUusiX, KOTOpble XPaHAT 3TU AaHHble. B pamkax kaTamnora MeTagaHHbIX BedeTcs
peecTp TakuX LEHTPOB W CO3haHa pacnpepderneHHas nogcucTemMa noucka AadHblx. [ng  opraHusaumm
MOACMCTEMbI MOMCKA AaHHbIX ONMpedeneHa W CTaHOapTM3MpPOBaHa MOAENb MeTajaHHblX, B KaXAOM LEHTpe
00paboTkM OaHHbIX CO3AaHa NokanbHas NoacMcTeMa NMoucka AaHHbIX, a Takke cneuuduumupoBar UHTEpdenc k
MOWCKOBbIM CUCTEMaM [N KakOoro LUeHTpa. B ueHTpanbHOM noacucteMe noucka CO3daHbl aganTepsbl
NOACUCTEM NOWCKa ANA Kaxaoro ueHTpa o6paboTkn paHHbIX. Co3gaHue Tako CUCTEMbI CYLLECTBEHHO
obneryaet CTaHOapTM3aUMsl MOWCKOBbIX MOACUCTEM LEHTPOB 00paboTkM [daHHbIX. [Ang B3auMomeicTBus
BHELLHMX MOMb30BATENEN C KAaTanorom MeTafaHHbIX MOXeT ObITb CO3haH eanHbIi UHTEpPgenc, B YaCTHOCTM Ha
Web-TtexHonorusix. 1o Takoi cxeme yCTpoeH kaTanor MmetaganHbix EOS Data Gateway.

JlOCTONHCTBOM [1aHHOM CXeMbl SBRSIETCS BbICOKast CKOPOCTb OBHOBNEHNS METaAaHHbIX, MOCKONbKY OHU BHOCATCA
noKarnbHO KaxabiM LeHTpoM 06paboTku gaHHbIX. OgHako oHa obrafgaeTr CyLeCTBEHHbIMM HegocTaTkamu, a
NMEHHO:

e CKOPOCTb NOMCKA NMMUTMPOBAHA HaWUXyOWMMM NOKa3aTensM1 NapameTpoB CBA3M MeXaY LeHTpanbHOM
MOACKCTEMON MOUCKA U LieHTpaMu 0BpaboTki JaHHbIX, a Takke Hauxyaleid Mpou3BOAMUTENBHOCTbIO
MoACHCTEM NMoMCKa MeTafaHHbIX;

e OpraHuM3auuam, KOTOpble XenawoT ObITh npeacTaBnieHHbIMU B KaTtanore, HeO6X0ﬂI/IMO co3fgatb K
noagepxmBatb I/IH(*)OpMaLl'VIOHHyIO MHq:)paCprKTypy, B YaCTHoCTU obecneuynBaTb XpaHeHne
MeTafaHHbIX, MNOUCK N0 METaaHHbIM, obecneuynBatb HAaAEeXHOCTb NPeoCTaBeHNA YCNyr.
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WrHcbopMmaymoHHei noptan

GEO-Ukraine PeecTp ueHTpos
Monb3oeatent oBpaboTim
AaHHBIX
Web-unTepdeic
NoMs30EaTENsA Il

Mowck i
ABHHLIX * BUIYANW3ALNA
Mogcuctema

noncka

Z 1\

LienTp oBpaBoTkm LienTp oBpaboTim LlenTp oBpaboTkm
AaHHBIX NaHHbIX NaHHBIX
Web- Web- Web-
uHTEpdenc uHTepdeirc wHTEpdec
noncka noucka noucka

H
MeTagaHHeie MeTtagaHHsie MeTagaHHbie

[NaHHele NaHHbie m

Puc. 3. ,D,eLl'eHTpaJ'IVISOBaHHaFI CXema opraHu3aumn metagaHHbIX

B pamkax LeHTpanu3oBaHHO! CXeMbl MeTafaHHble 0060 BCEX AaHHbIX B CUCTEME XPaHSTCS B BblAENEHHOM
XpaHunuie. [JaHHas cxema NoAAepKMBAET HECKOMbKO TUNOB LIEHTPOB 06paboTky AaHHbIX (puc. 4):

e LIEHTPbI, NOAAEPXKMBAIOLLMX COBCTBEHHOE XpaHUNNLLE METalaHHbIX;

® LIeHTPbl NepBoro Tuna, KOTopbie AONONHUTENBHO obecneynBaroT NOUCKOBBIA MHTep(*)eIZC nonb3oBartena
K CO6CTBeHHOMy XpaHUnuily mMetadaHHbIX;

e LIEHTPbI, HE UMetoLLME COBCTBEHHOMO XpaHNUIMLLA MeTaaHHbIX.

,D,J'IFI paGOTbI C LieHTpamMu nepsoro 1 BTOPOro TUNoB OOITKEH ObITb onpepneneH npoTokon c6opa MeTafaHHbIX Ansa
Kaxaoro LueHtpa. HJ'IFI noaaepXkn LEHTPOB TPETbEero Tuna [OrmKeH ObITh Cco3aaH CI'IeLlI/IaJ'IMSI/IpOBaHHbIVI
VIHTepq)eVIC, npe,qHa3HaquHb|17| Ana BHECEHMA NONb30BaTENIbCKMX METaaHHbIX B KaTanor.

[aHHas cxema He 0bnafaeT HegocTaTkamy npeablayLueit bnarogaps BO3MOXHOCTM OOHOBNEHNS METAZaHHbIX B
pexuve offine W nopaepxku HECcKONMbkMX TUMOB LEHTPOB 06paboTkn AaHHbIX. B TO e Bpemsi vactoTa
0OHOBMEHMS CBEEHNN O AaHHBIX OrpaHU4EHa YacToTol cbopa MHopMaLmum C LEHTPOB 06paboTkM AaHHBIX.

Mo paHHOW CxeMe OpraHM30BaHbl OOMbLIMHCTBO MOUCKOBbLIX CUCTEM OBLUEr0 Ha3HAYeHWs, B 4aCTHOCTY
nouckoBsble cuctembl Google (www.google.com) 1 Yahoo (www.yahoo.com).

WrdopmaunorHsi@ nopran Katanor meTagaHHbix
GEO-Ukraine

MNoneacsarens MoacwcTema PeecTp uenTpos

paGoThM faHHbIX

nowcka
Web-unteppenc
nonexoearans
= MoCE. Mogcucrema &
Mhins « enyanmsaim o "
—
-—
Me'rfun::uux TR HER
UewxTtp obpaboTin
AaHHBIX
Wab- Llewtp obpaBotemn Llentp ofpaBortkm
P P ASHHBIX AaHHEIX
noucka
N MerananHsie
MeTagaHHbie A

Puc. 4. LleHTpan13oBaHHas cxema opraHu3aLmm MeTagaHHbIX
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Mpu cospaHum kaTanora MetagaHHbiX Ans cuctembl GEO-Ukraine Heobxogumo yuuTbiBaTh Ccriegytowime
0COBEHHOCTM YKPaMHCKUX OpraHu3aLuii, 3aHuMatoLmxcs 0bpaboTkoit gaHHbIx 33:

e pa3snM4HOE COCTOSHIE NHAOPMALIMOHHON MH(PACTPYKTYPbI B NOAOGHBIX OpraHn3aLusx;

e  CyLIECTBOBAHME OpraHW3auuil, [Ans KOTOPbIX CO34aHME COOTBETCTBYHLIEA MHKDPACTPYKTYpbI
HeLienecoobpa3sHo (Hanpumep, B cryyae HebonbLKMX 06bEMOB AaHHbIX);

e HegocTaTo4Hasi 06eCneYeHHOCTb MHOMX OpraHu3aLmin HeobxoaumbIM JocTynom B Internet.
YuntbiBasi 3T 0COBEHHOCTY W MPEUMYLLECTBA LIEHTPANN30BAHHOMO NOX0Aa K OpraHu3auun MeTagaHHbIX, Ans
peanusauum katanora metagaHHbix cuctembl GEO-Ukraine Obina BbibpaHa LieHTpan13oBaHHas cxema kartanora
MeTafaHHbIX.
B poknage OymyT paccMOTPeHbl pekoMeHmauuu Ans NPeACTaBMeHUs W XPaHEHWS MPOCTPaHCTBEHHbIX

MeTafaHHbIX, paspaboTaHHble B IHCTUTYTE kocMudeckux uccnepgosannii HAHY-HKAY Ha ocHose cTangapta ISO
19115.

Peanusauus katanora B cuctemMe GeoNetwork

MunoTHas Bepcust kaTarora MeTajaHHbIX peann3oBaHa C NOMOLWb nporpammHoro obecnevenns (M0)
GeoNetwork. GeoNetwork — 370 cB060AHO-pacnpocTpaHsemoe nporpammHoe obecneyeHne € OTKPbITHIM
nporpaMMHbLIM KOZLOM Ha s3blke Java u cooTeeTCTBYytoLee yenosuam nuueHsun GNU General Public License v2.
Paspabotumnkom cuctembl GeoNetwork sBnsetcs opraHusaumns FAO (Food and Agriculture Organization of the
United Nations).

Cpepay OCHOBHBbIX CBOMCTB AaHHOro 10 Heobxoanmo 0TMETUTb CreayloLyme:

o [lopaepxka pasHooBpasHbIx CTaHAAPTOB MeTaAaHHbIX, B Tom yucne ISO 19115 n 19139;

e BosmoxHocTb 3amaBath cobcteHHble npodouniu ISO 19115;

o Co3paHvie, penakTMpoBaH1e, UMMOPT 3IEMEHTOB METafaHHbIX;

e Bo3MOXHOCTb peanu3oBaTb MOWCK MeTafaHHbIX NO MHOMMM  KpUTEpUSM, B TOM 4ucne -
reonpoCTPaHCTBEHHbIM;

e BosmoxHoctb nogaepxkun OGC CSW kak B ponm KnueHTa, KOTOpbIi BbINONHSET c6op MHdopmauun 13
Apyrvx katanoros (harvesting), Tak n B ponu cepaepa, KOTOpbIii MOXET GbiTb ONMUCaH BbilLEyKa3aHHbIM
KaTarnorom;

o BO3MOXHOCTb NoKanuaauuu.

Puc. 5. Mowuckosbin nutepgenc MO

GeoNetwork MOXHO WHTErpupoBaTb C MHOTUMU 3NEMEHTAMU MH(OPMALMOHHOM WHPPACTPYKTYpbl, Kak C
cB06OAHOPACNPOCTPAHAEMbIMU, TaK U KOMMEPYECKUMN. [1N1s XxpaHeHWs MeTagaHHbIX MOryT BbiTb MCMOMNb30BaHbI
cnegytowme 6a3bl JaHHbIX:
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e McKoi (ncnonb3yeTcsa 4ns otnagkm);

e MySQL;
e PostgreSQL;
e Oracle.

B kauecTBe cepeepa npumnoXeHun, B KOTOPbIA MHTerpupyetcs Geonetwork, moryT BbicTynaTb €BOGOAHO
pacnpocTpaHsiemMble npoaykTbl Jetty n Tomcat, nu6o kommepyeckui IBM Websphere. Takas rubkocts nossonset
nHTerpupoeaTb Geonetwork B CyLLEeCTBYHOLLYH MHEOPMALMOHHY0 MHGPACTPYKTYPY.

Ha puc. 5 1 6 n3obpaxeHbl peanu3oBaHHble NHTepdenchbl Noucka MeTagaHHbIX U MHTepdenc peaakTMpoBaHus

AneMeHTa MeTaaHHbIX COOTBETCTBEHHO.

Puc. 6. UHTepdeic peaakTnpoBaHns

BbiBoabl

B paHHoi craTtbe npeanoxex KOHLI,eI'ITyaJ'IbeIﬁ nogxod K CO30aHUK0 CUCTEMbl KaTanorusauuu, C y4eTom
MWPOBOIO OrMbITa MNOCTPOEHNA TaKUX CUCTEM, a TAKXKE OnnucaHa ero peanusayua B CUCTeMe GeoNetwork.

Co3paBaemble KaTanorn AaHHbIX M MeTafaHHbIX MNaHUMPYeTCs WHTErpupoBaTb C MEpapXMYeCcKUM KaTanorom
MeTazaHHbIX cuctembl cuctem GEOSS.

Nutepatypa
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®PAKTAJIbHOE MOAENUPOBAHUE U MHOIOKPUTEPUATIbHASA
ONTUMU3ALUA KOMNbIOTEPHbIX CETEN

Apunb TumocheeB

AHHomauyusi:  Obcyx0aromess  npobrnembl  (hpakmanbHO20 MOOENUPOB8aHUs U MHO20KpUMepUasbHoU
onmuMU3ayuU, 803HUKAKWUe Npu NPOEKMUPOBaHUU U CUCMEMHOM aHaruse KomnsromepHbix cemel (KC).
Mpednazaembili nodxo0 ocHosaH Ha Memode NOCMPOEHUS MHOXEecmea HEeOOMUHUPYEMbIX (Haumydwux Ha
paccmampusaemMoM MHOXecmee) anbmepHamug U Memode NOCMPOEHUS 102UYECKUX (hYHKUUU nepemeHHOU
3HayHocmu no 6a3e OaHHbIX, co0epxawell UHGopMayur 06 anbmepHamueax, 8 Pou KOmopbIX 8biIcmynatom
munosble monosnoaudeckue cmpykmypsi KC.

Keywords: (paxkmaribHoe MoOenuposaHue, MHO20KpUMepuasHas onmumu3ayus, KoMNboMepHas cems.
ACM Classification Keywords: E.4 CODING AND INFORMATION THEORY

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBepeHue

B nocnegHue rogbl BaxHOe 3HaueHue npuobpeTatoT npobnembl  (hpaKTanbHOr0  MOAENMPOBAHWS 1
ONTUMW3aALMOHHOTO NpoekTUpoBaHus komnbtoTepHblx ceTein (KC) [1-3]. B Hactoswen pabote npepnaraetcs
peLLeHne aTux Npobnem Ha OCHOBE HEYETKUX MOZEnen NOCTPOEHUS MHOXECTBA HEAOMUHUPYEMbIX (HaUmyYLLmMX
Ha paccMaTpuMBaeMOM MHOXECTBE) anbTepHaTMB 1 MeTOAAa NOCTPOEHUS NIOTMYECKoi hyHKLMM No 6a3e AaHHbIX,
copepxallen uHgopmaumo 06 anbTepHaTMBax, B PONM KOTOPbIX BLICTYMalT TWMOBbLIE TOMOMNOTMYECKMe
ctpyktypbl KC. Uccnenyemble KC xapaktepusyloTcs KOHEYHbIM YMCIIOM MPU3HAKOB (KPUTEPUEB) W TUMOBLIMU
TOMOMOrMAMU Y3110B M KaHaIIoB CBA3M.

OnpepenM oLEHOYHYI0 (hYHKLMIO anbTepHaTUBHbIX Tononoriyeckux cxem KC B Buge otobpaxeHus
fi:X >R, i=12.m. (1)
OyHkummn (1) dopManuayloT oueHKy anbTepHaTuBHbIX Tononoruic  KC no HekoTopomy npusHaky (KpUTepuio).

HasoBeM 3Ty (hyHKUMIO (hyHKLME nonesHocTu. [ng koHeuHoro uucna npusHakos n KC nonyyum cuctemy u3 m
(YHKUMA nonesHocTy Buga (1).

Mogenu nonckoBomn ontTummusaumum hpaktanbHbix Tononorui KC

lMocTaHoBKa 3a4aym 1 MOAENb MOMCKA HaUNYYLIMX anbTEPHATUB MO KOHEYHOMY HAabOPy NPU3HAKOB MPU HEYETKOM
ncxogHom uMHcopmauuu onucabl B [3-5]. B atux pabotax TpebyeTcs HalTM MHOXECTBO O0OBLEKTOB
(anbTepHaTuB, (HpakTanos), ONTUMAmNbHbIX MO MaKCUManbHO BO3MOXHOMY KOMMYECTBY W3 N KpUTEpUEB
(Npu3HakoB). Mpn 3TOM, €Cnn cneyunantHo He BBOASTCS KOIGMULMEHTbI OTHOCUTENBHOW BaXXHOCTW KPUTEPUEB,

TO CHMTAETCA, YTO BCE KpUTEPUM PaBHO3HAYHbBI N BAXXHOCTb noboro n3 n KpUTEPUEB PaBHa n_l.

Pe3ynbTaToM pelleHns 3agayn noucka SBMSIETCA NOMyYeHUE HEYETKOro MHOXECTBA OOBLEKTOB (MHOXECTBA
HEAOMUHMPYEMbIX anbTepHATUB) M UX MHTErpasnbHbIX OLEHOK. Kaxaas M3 aTUX OLEHOK NOKa3blBaeT, HAaCKOMbKo
nccnegyemblii 06bekt  (Hanpumep, Tomonorust KC) He ynydwaem (onTumManeH) Mo OTHOLIEHWIO K APYrvM
obbektam. VIHbIMK CnoBamm, BCSKOE YIyylleHWe Kakoro-nubo o6bekTa no HEKOTOPOMY KPUTEPUID MPUBOAWT K
€ro yXyaLeHnto xoTs Obl M0 OAHOMY 13 OCTaBLUMXCS 1 — 1 KPUTEPHEB.

Opyrum 3chheKTMBHEIM METOOOM MOZENMPOBaHUST CBOMCTB 0ObekToB B cnabo dopmannsyembix obnacTsix
3HaHWA SBMSETCS METOA ONUCaHWst 0ObLEKTOB NMPY MOMOLLM NEPEMEHHO3HAYHBIX JIOTUYECKUX NpeanKkaTos [2-6].
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OTOT noaxop NO3BONSIET HE TONBKO BOCMPOM3BECTY Pe3ynbTaThl, NOMYYEHHbIE NMPY NOMOLLY annapaTa HEeYeTKIX
MHOXECTB, HO 1 0606LLMTb W PAcNPOCTPAHNUTL UX HA 3aAa4M pacro3HaBaHis 06pa3oB, ANArHOCTUKM COCTOSHUIA U
7.N. Tlpn 3TOM 3HAYEHME NOTMYECKON MEPEMEHHON MOXHO NOHMMATb HE TONbKO Kak B3aMMHOOAHO3HAYHOE
oTOOpaXeHne 3HaueHuit yHKLMKM MONE3HOCTW, HO W Kak OMUCAHWE anbTepHaTUB WM COCTOSIHUA OGBEKTOB,
BOOGLLE rOBOPSI, HE CBSA3AHHOE C MOHATUEM CTENEHU NONE3HOCT!.

Takasi MHTEpnpeTauns 3HAYEHM NOTUYECKMX MPEeanKkaToB MO3BOMSET PaccMaTpuBaTb 3HAYEHWE NOTUYECKOM
(YHKUMM KaK OMMCAHME COBOKYMHOCTW aBTOMATHbIX COCTOSIHMIA CUCTEMbI, BKIHOYAKWMX PaccMaTpuBaeMoe
MHOXECTBO arnbTepHaTUB UM 06BEKTOB. Hanpumep, LBETa: «CUHUAY, «3€NeHbIN» 1 «KpacHbIN» B paMKax Takoro
nogxoga OyayT BblpaxaTb NWLWb COCTOSHUE, B KOTOPOM HaxoaWTCs OOBLEKT MO XapakTepucTuke «uBeT». Mpu
9TOM He YTBEPXOAETCS, YTO «KPACHbI» CaMblil NIyULLWA LIBET, @ «CUHUIA» UNK «3eMeHbliy SBRSIOTCS caMbiMu
XyALUMM.

Takum obpa3om, npepnaraemasi noruyeckas MOLENb OMUCaHWS anbTepHaTUB UnM OOBLEKTOB B TEpPMMHAX
NepeMeHHO3HaYHbIX NpeaukaToB sBRseTCs 6onee yHMBEpCANnbHOM, YeM HeveTkas Mogenb. 3HauveHue
COOTBETCTBYIOLLEN  FMOTMYECKOM  (DYHKUMM  MPU  KOHEYHOW  WHTepnpeTauun  SBMSETCS  aBTOMAaToM,
XapakTepusytowmum Hanbonee nopxopsiime (6nmskue K 3anpoLUEHHO) COBOKYMHOCTU COCTOSIHUIA 0ObekTbl. C
APYron CTOpOHbI, (hOpMann3oBaTb COBOKYMHOCTb COCTOSIHUIA paccMaTpuBaeMblx OOBEKTOB NO KaxaoMy M3 n
KpUTEPUEB-TIPEANKATOB HAMHOIO MPOLLE, YEM OLEHWTL (HanpuMep, NpM NOMOLLM SKCNEpTa), KaKoe W3 yKasaHHbIX
COCTOSIHUI ABASETCS HANIYYLLMM, @ KAaKOe — HanXyaLIMM.

2. ®pakTanbHbI aHanU3 U MHOroKpuUTepuanbHas ontumusaums KC

Pa3BuTie coBpeMeHHbIX MHEOPMALIMOHHBIX 1 TENEKOMMYHWUKALMOHHBIX TEXHOMOMIA NPUBOANT K HEOBXOAMMOCTY
(hpaKTanbHoOro MOAENMPOBaHNS 1 MHOTOKpUTEPUansHOM ontummsaummn KC [1,3,5].

KC TpaguLUMOHHO ONMCbIBAETCS HEOPUEHTUPOBAHHLIM rpaciom 6e3 netenb M kpaTHbIx pebep, y3nam KoToporo
COOTBETCTBYIOT CeTeBble KOMMbOTEpbl, a pebpam — kaHanbl cBa3n [6]. pu CpaBHUTENLHOM aHanuse W
MHOroKpuTepuanbHoil oueHke KC BaxHYt0 ponb urpaeT ux TOnonornyeckas CTpykTypa, T.e. TONONOMMS y3rnos u
KaHanoB CBA3M, U KpUTEpPUM (MPU3HAKK), OTpaxaroLLme Haubonee BaxHble acnekTbl PyHKLMoHMpoBaHua KC.

Hanbonee cywecTBeHHbIMY KpuTepusiMi (npusHakamm) adcrektneHocTn KC sBnstoTes
— HaieKHOCTb;
— CTONMOCTb;
— NpOnycKHas cnocoBHOCTb.
BasosbimMu Tononormamu KC Byaem HasblBaTb COBOKYMHOCTb CEAYHOLLMX MATU TUNOBBIX TOMOMNOTUIA:
— NOSTHOSIYENCTas TOMOMOTUS;
— KOnbLieBas TOMonorus;
— TOnonorus «3Besaay;
— NWHelAHas Tononorus;
— CMeLLaHHas Tonomnorus.

3agaya COCTOMT B HaXOXOEHWM OMTMMAnbHOW TOMOMOrMYECcKOM CTPYKTYpbl mpoektupyemon KC ¢ yyeTom
OMWCaHHbIX BhILLE KPUTEPUEB (MPU3HAKOB).

MHorokpuTepuanbHblid aHanus nobbix CNOXHbIX OOBLEKTOB (B AaHHOM Cryyae CETEBLIX TOMOMOTMYECKMX
CTPYKTYp) siBMsieTcs TpyaHo dopmanudyemon 3agadeit [6,7]. CBsisaHO 3TO C TeM, YTO KPUTEpUM, Kak
yKa3biBanoCh BbilE, OKa3blBAOT HA aHanMaupyeMbln OObEKT pasnuyHoe (Yalle BCero npoTMBOMOMOXHOE)
BNusiHWe. Hanpumep, ysenuuerne HagexHocTn KC npnBoamT K NosiBNeHNo 13bbiTouHbIX CBA3en, TpebyeTt bonee
kayecTBeHHoro obopyaoBaHus u 1.4. CTpemnenue K yaelesneHnto KC npuBoanT K ynpoLLEHno ee CTPYKTYPbI 1,
Kak CneacTBue, BeAeT K CHUXEHMI0 HAaAEXHOCTH.

Hanbornee ycnewHeiM MOAXOAOM MpW peLeHnn 3adadn noucka ontumanbHoi Tononorun KC ¢ yveTom
HECKONMbKUX  KPUTEPUEB  SBMSIOTCS  MOAEPHWU3WMPOBAHHbIE — NOMMYECKUME  amnrOpUTMbl,  MCMOMb3yHLLMe
nepeMeHHO3HauHble npeaukaThl [2—6).
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Nornyeckne mopenu u anropuTMbl XOpOLLO 3apeKkomMeHaoBanu cebs Npu peleHnn pas3nnyHbiX 3aaad. 310
CBS3aHO C TEM, YTO OHM AenatoT BO3MOXHbLIM NOTMYECKUIA aHANN3 UCXOAHOM npeumeTHoﬁ obnacti 1 no3BoNsoT
OnTUMMU3NUpPOBaTb NOUCK.

OCHOBHOW Lienblo NpyW PeLLEeHnn paccMaTpUBaeMon 3afaun SBASETCS MOSENMPOBaHNE MUHUMAIBHOM M NOSTHOM
cucTeMbl akcuom, onucbialowmx KC. Mcnonb3oBaHne Takom MMHUMM3MPOBAHHOW 6a3bl [JaHHbIX aKCMoM
no3BONSIET NPOBECTW aBTOMATU3MPOBaHHOE pa3dbueHue xapakTepusyemblx Tononoruii KC Ha knaccbl u ux
Ka4yeCcTBEeHHbIN aHann3. Bcriedcteue 3TOTO BO3MOXKEH COKpALLEHHbIM BbIBOA MO 3adaHHOMY 3anpocy ¢
aBTOMATUYECKON MUHUMM3aLMER (T.e. yaaneHuem)  W3BbITOYHON MHGOPMALMM 1 NIOTUYECKUA MOUCK MO
ONTUMU3MPOBAHHON 6a3e AaHHbIX.

Mpeanaraemblil NOAXOA B CPaBHEHUM C APYrMM MeTodamn AaeT Goree NpoayKTUBHYK BO3MOXHOCTb ANs
aBTOMaTM3MPOBAHHOrO PELUEHUS MOCTABMNEHHOW 3ad4aynM  MHOTOKPUTEPUANbHOW  OMTUMW3ALMKA  CETEBbIX
Tononoriyeckux cTpyktyp KC. 3Ta BO3MOXHOCTb, T.€. MOMyYeHUE ONTUMANbHOTO PELIeHUs MO 3afaHHOMY
3anpocy, 0COBEHHO BaxHa [N1s NPOEKTUPOBLLMKA (MMM NULA, NPUHUMAIOLLETO PELLEHWe), TaK Kak OHa Yxe Ha
CTaauu NPOEKTUPOBAHMS NO3BONSET Y4ECTb 0COBEHHOCTM ByayLero dyHKLMoHMpoBaHus KC.

3. Pe3yanaTb| BbIYUCITUTEJNIbHbLIX 3KCNEPUMEHTOB U peKoOMeHaaLun

0603HauMM  KPUTEpPUM HaAEXKHOCTWM, CTOMMOCTM W nponyckHonm cnocobHoct KC  6ykeamm A,B,C
COOTBETCTBEHHO, @ aHanu3upyemble TOMOMOMMKN «NOMHOSMEUCTYIO», «3BE3AY», «KOMbLOY, «IIMHENHYIO»,
«CMeLLaHHyto» BykBamm
F_"Full", S-"Star", R-"Ring", L-"Line", M - "Mix".

McnonbayemM noaxod, Y4WThIBAOLMIA NAOTHOCTM 3HAYEHUH OLEHOYHbIX GyHKUMA [3]. Mpu aTom uHTepsan [0,1]
ANS KXKOOro 13 Kputepues pa3buBaeTcs Ha MHTEpBarbl NePeMEHHON ANWHbI B COOTBETCTBUN C PACCTOSHUSMM
Mexay 3HauyeHusMU OueHOK. Takoe pasbueHue nopoxaaeT Ans Tpex KPUTEpUeB NOrnyecke nepemeHHble
pasnnYHbIX 3Ha4HOCTEN, a UMeHHO: ana A —4, ana B -3, ans C - 5.

CootBeTcTByIOLas 6a3a AaHHbIX NpuBeaeHa B Tabn. 1.

Tabnnua 1
Tononorus HapexHocTb (0-3) | CtoumocTb (0-2) | MNponyckHasa cnocobHocTb (0-4)
MonHosivencTas 3 0 4
3Be3na 2 1 1
KonbLo 0 1 0
JInHelHas 1 2 2
CmelwwaHHas 2 1 3

Bbibop Tononorun KC moxeT 6biTb OCyLEeCTBMEH Npy MOMOWM aHanu3a 4actoT MpUCYTCTBUS WCKOMOO
naeHTUMKaTopa (CETEBO TONONOTMYECKO!A CTPYKTYPbI) B BEIYMCTIEHHOM NTOMMYECKON DYHKLWK.
B maHHOM cnyyae umeem cnegytowme cootHowenus: "S, M, S, R M, M". OTMeTuM, 4TO AU3bIOHKT YETBEPTON
rpynnbl NPUKNAgHOrO 3HAYEHMs He UMEET M NOITOMY NP aHann3e 3HaveHMst yHKUMM He YYUTLIBAETCS.
CooTHoLEHME YacToT ByAeT crneayoLmm:;
R =1/6, S =2/6, M=3/6.

Takum 0Bpazom, Npu 3a4aHHbIX YCIIOBUAX NPUXOAUM K CIeyHOLMM BbIBOAAM:

- Hanbonee npeanoutntensHoi ABNnsieTcs "cmMellaHHas" Tononorus;

— MeHee npegnoututensHa Tononorus KC tvna "ssesga”;

- "Konbuesas Tononorns” KC sBnsieTcs HanMeHee npeanoyTUTENbHON.

B npouecce peleHnsa 3anad cbpaKTaanoro MOOENNPoBaHMA 1 MHOFOKpMTepI/IaJ'IbHOVI onTnMmnsaugum
anbTepHaTnB Obiu NnporpamMmMHO peani3oBaHbl anroputM BblYUCNEHUA BbillE OMUCAHHbLIX OLIEHOYHbIX dJYHKLl'VIVI
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Mo 3ajaHHbIM KpUTEpUSM (MPU3HaKaM), @ Takke anropuTM MOCTPOEHUS U ONTUMMU3ALIMN JIOTUYECKON (YHKLINK,
OCHOBOI1 1151 MOCTPOEHMS! KOTOPOIA ABNSIETCS ucxofHast 6asa JaHHbIx o KC. B paccmaTtpueaemoil npumepe a1a
6asa [JaHHbIX COAEPXKUT UcCreayemMble Tomomorndeckue cTpykTypbl KC 1 Mx aHannsupyemble XxapakTepucTuki
(kpuTepum). BbluncnuTenbHble KCMEPUMEHTBI MPOBOAMAMCL MPU CMEAYIOWMX NPEeanoNnoXeHusX: Ans Bcex
cpaBHMBaeMblx TononoruiA KC uucno yanoB N =6, a KaHanmbl CBSI3M WMEKT OAMHAKOBYIO MPOMYCKHYHO
CNocOBHOCTL MMM COBMapaloT Mo AnvHe. B pesynbTaTe MOAENMPOBaHMS ObiMM  MOMYyYeHbl  OLEHKH,
npeacTaBneHHble B Tabnuue 2.

Tabnuua 2
Tononorusa HapgexHoctb | CtommocTb | Npon. cnocobHoCTb
MonHosivencTas 1.0000 0.3333 1.0000
3Be3aa 0.2429 0.8333 0.5000
Konbuo 0.0000 0.8333 0.4567
JInHenHas 0.0667 1.0000 0.5800
CwmelwaHHas 0.2000 0.8333 0.7222

3akniouyeHue

MpennoxXeHHble NepeMeHHO3HaYHble NOrMYeckine MOoLenu U MeTofbl MHOroKpuTepuanbHoi onTummusaumun KC
UMET Psi MPeUMYLLeCTB MO CPaBHEHMIO C HeyeTkMM MofensMu 1 meTopamu. OHW MO3BONSIT caenatb
TEOpeTMYECk 060CHOBaHHbIE BbIBOAbI 1 CHOPMYNMPOBATL NpaKTUYECKUE PEKOMEHZALMM Npy CPaBHUTENbHOM
aHanuse 1 MHOToKpUTEpHarnbHON ONTUMKU3ALIMK anbTePHATUBHBIX Tononoruii KC.

BnaropgapHocTu

PaboTa BbInonHeHa npu YacTuyHo nopaepxke rpaHToB POOIN-08-08-12183-ocm n POOK Ne 09-08-00767 u
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INutepatypa

[1]. TumocpeeB A.B. MynbTu-areHTHble CUCTEMbI YNpaBMNEHWS PErvoHarbHbIMM TENEKOMMYHUKALMOHHBIMU CeTAMU. —
MaTtepunanbl MexayHapoHOW koHdbepeHumn «MoaenupoBaHue yCToiumBoro pernoHansHoro passutus (MYPP-2007)».
Wag. KBHL PAH, Hanbuuk, 2007, c. 45-50.

[2]. Motukosa JT.A., Tumodbees A.B., Crypes B.B., Moo B.W. Pa3suTiie 1 NpuMeHEHMe MHOTO3HAUHbIX NOTUK W CETEBbIX
MOTOKOB B MHTeNnekTyanbHbix cuctemax. // Tpyasl CIIMAPAH, Bein. 2, 2005. C. 114-126.

[3]. Tumocpees A.B., Aumutpuuerko [.M. Mogenu v MeToabl MHOTOKpUTEPUANbHOW ONTUMM3aLMM anbTepHaTus // Tpyasl
CMWWPAH. Bein. 7. - CIM6.: Hayka, 2008.

[4]. Bumutpryerko .M. O B3aMMOCBSA3M HEYETKMX OTHOLLEHUI U FIOTUMECKMX CTPYKTYP, MOCTPOEHHBbIX ANS ONTUMMU3aLMM
npoueayp noucka. Joknagsl AMAH 1. 10, Ne1, Hanbuuk 2008. C 101-105.

[5]. OumuTpuuenko .M. K Bonpocy 00 uHTepnpeTauun [M3LIOHKTOB NEPEMEHHO3HAYHBLIX MOTUYECKUX  (DYHKLMIA,
MOCTPOEHHbIX M0 Ba3e 3HaHWI CETEBbIX TONOMOrMYECKNX CTPYKTYP. // BecTHuk BITY. 2008. Tom 4. Ne 4. C. 81-85.

[6]. TumocpeeB A.B., Coipuer A.B. Mogenu u mMeTogbl MapLpyTM3aLuu MOTOKOB AAHHBIX B TENIEKOMMYHMKALMOHHBIX
cucTemax ¢ u3MeHsroLencs guHamukon. — M.: Hosble TexHonoruu, 2006, 85 c.

[7]. Oxtunes M.IO., Cokonos B.B., KOcynos P.M. NHTennekTyanbHble TEXHONOMN MOHUTOPUHIA 1 YNPaBEHNUs CTPYKTYPHOM
AVHAMUKOW CIIOXHBIX TexHUYeckux 06bekToB. — M.: Hayka, 2006. — 410 c.

WUHdopmaums 06 aBTope

Tumocgheee Adunb Bacunbesuy — 3agedyrowuti nabopamopuell UHhopMayUOHHbIX MexHOoMo2uli 8
ynpasneHuu u pobomomexHuke CaHkm-lemepbypacko20 uHcmumyma uHgopMamuku U agmomamusayuu
Poccutickoll akademuu Hayk, AoKmMop mexHUYecKux Hayk, npogheccop, 3acnyxeHHbil desmerns Hayku PO,
199178, Poccusi, CaHkm-llemepbype, 14-a nurus, 8. 39, CITMNPAH, tav@iias.spb.su



International Book Series "Information Science and Computing" 83

CTPYKTYPHbIW CUHTE3 CETEW C TEXHONOIMEN MPLS

EneHa 3anuenko, Opun 3anyeHko

Abstract: The problem of MPLS computer networks structural synthesis under constraints is considered. The
method of network structure optimization is suggested which utilizes ideas of genetic algorithm. The experimental
investigations of the suggested algorithm are presented and discussed.

Keywords: MPLS network, structure synthesis, quality of service (QoS), network optimization
ACM Classification Keywords: C2. Computer-communication networks

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBepeHue

OpHoit M3 Haubonee NEPCMEKTUBHbIX  TENEKOMMYHWUKALMOHHBIX — TEXHOMOTUA  SBRSETC  TEXHOMOrs
MHOMONPOTOKOMNbHOA  KoMmyTauun  MmeTok (MPLS). Ota  TexHonorus npegocTaBnsieT  YHUWLMPOBAHHGIN
TPAHCMOPTHLIA MeXaHu3M Ans nepeaaqn pasHOTUMHOM MHGOPMaLMM — ayamo, BUAEO U OAHHBLIX Ha BbICOKMX
ckopocTsix M obecneynBaeT 3agaHHoe kavecTso obcnyxmsanue (QoS).

OpHoit 13 BaxHbIX 3adaY, KOTOpbIE CTOAT Nepeq NPOEKTUPOBLUMKaMM ceTen ¢ TexHonornen MPLS ecTb 3agava
CTPYKTYPHOTO, MAW TOMOMOTMYECKOTO CUHTE3a CETW, MOJ 3af4aHHYl BXOOHYIO Harpysky, B pesynbTaTe KOTOpOW
onpegensetcs obwas CTPyKTypa CETW, TUMbl KaHanoB CBSA3W, WX MPOMYCKHbIE CMOCOBHOCTM, pacnpegeneHue
NOTOKOB NPW OrpaHNYEHNsIX Ha 3afaHHbI ypoBeHb QOS Ans NOTOKOB pasHbix knaccoB obcnyxmeanus (Class of
Service) no kputeputo cToumocTu. pK 3TOM Kak JOMONHUTENbHbIE OrpaHUYEHUsT MOTYT BbICTYNaThb MokasaTenu
HAZEXHOCTU 1 XNBYYECTN CETU.

B pamkax pelleHus 3afaus MOCTPOEHMSI CETW, KPOME 3adauu Bbibopa TOMOMOMAW, CTOMT 3adadva Bbibopa
ONTUManbHbIX MPOMYCKHbIX  CMOcoGHOCTe  Oyadylwed cetTM Npu  anpuopu  HEW3BECTHbIX, TO €CTb
HepacnpefeneHHblX NoTokax, 0asupysicb NuWb Ha TpeboBaHWsX K OGbeMy [aHHbIX, KOTOpble AOMKHbI
nepefaBaThCst MEXAY y3namu ceTu. PelueHue 3Tol 3afaum siBRsieTcs HeOBXOAMMbIM Ansi OLEHKW CTOUMOCTH
MOCTPOEHHON CTPYKTYPbI, CIeA0BaTENbHO, M AMst Bbibopa onTUMansHOM.

PaHee 3agaun CTPYKTYPHOrO CMHTE3a CETU C NEPCreKTUBHBbIMU TEXHOMOMMAIMU paccMaTpuBanucb Ans ceTei ¢
TexHonorven ATM (Asynchronous Transfer Mode) 1 661 paspaboTaH n uccnenoBaH AoCcTaTouHO 3GhdEKTUBHBIA
anropuT™M ONTUMM3aLMKU CTPYKTYPHOTO CMHTE3a, KOTOPbIN YYnTLIBAET cneunduky TexHonorn ATM B YacTHOCTM
Hannume Heckonbkux kateropuit cepemnca CBR, VBR 1 ABR [3aitueHko E.1O., 2003].

Llenbto HacTosen paboTbl SIBNSETCA MOCTAaHOBKA WM hopmanu3auust 3agadn CHUHTe3a CTPYKTYpbl CeTell ¢
TexHonorven MPLS, pa3paboTka COOTBETCTBYIOLLErNO METOAA €€ PELLEHMS W er0 UCCIIEA0BAHNS.

MatemaTuyeckas Moaenb 3afayu CTPYKTYPHOTO CMHTe3a ceTel

3agaHo MHOXeCTBO y3noB ceTn X = {x j} j= ﬂ - MappyTtuzatopoB MPLS (tak HasbiBaembix LRS - Label

Switching Routers), nx pasmelleHue no TeppuTopun pervoHa, Habop NPONYCKHbIX CNOCOBHOCTE KaHamnoB CBS3N
D ={d,,d,,...d,} 3 KoTOpbIX BEAETCS CUHTE3 WX YAETbHbIX CTOUMOCTEN Ha Amnkbl C ={c;, ¢y, .. C, |
onpeaeneHbl knaccel o6cnyxusanns CoS (Class of Service), 3BeCTHbI MaTpuLbl BXOAALWMX TpeboBaHniA Ans k-
ro knacca H (k) =th.j (k)” i, =1n; k=12,..K, rge h,; (k) — VHTEHCUBHOCTb k-0 Knacca, KoTopbiil

HeobxoaMMO NepeaaBaTh 13 yana f B y3en j 3a eavHuuy Bpemern (Kbum/c).
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Kpome TOro, BBEIEHbI OrpaHMYeHust Ha nokasatenu kadectsa QoS NS Kaxaoro knacca k B BUAE OrpaHUYeHus
Ha cpeaHioto 3agepxky 7, , k=1 K

TpebyeTtcs HaiTu CTPYKTypy ceTh B Buae Habopa kaHanos cessu (KC) {(r s)} BbIOpaTb NPOMyCKHbIE

cnoco6HocTu (MC) kaHanoB cBsi3u { u,s} W HaiT pacnpefeneHue notokos Bcex knaccos F'(k) =[f, (k)],
TakMM 00pasom, yTobbl obecneuntb nepedady TpeGosaHui Bcex knaccoB H (k)B monHom obbeme U C
sapepxkamu T, , He Mpesblualowumm 3aganHble T, « i Npu 3TOM  Bbl BbINOMHSMNCE OTpaHuYeHnst Ha AOmio

notepsiHHbIX nakeToB CLPx, a ctoumocTb ceTu 6bina 6bl MuHMManbHoi [3aivenko E.HO., 2006].
CocTaBnM MaTeMaTM4ecKyto MOZenb AaHHOW 3agayun CUHTE3a.
TpebyeTcs HanTyh Takylo CTPYKTYpY ceTu E, ans koTopoit:

min C, (M) = g);E C,({u,}) (1)
Ny YCRoBHSIX |
T, (i) S T k=LK, @
foo <, ansiscex (r,s), (:3)
u. €D, (4)
CLPk ({:urs};{frs }) < CLPk3a()’ (5)

e CLP, ({u, }:{f,s}) - pona notepshHbix naketos ansi notoka k —fo knacca (npvoputera),
CLPy ,, - 3a5aHHOe OrpaHueHe Ha 3Ty BENMuMHY.

B pa6ore [3aitueHko E.HO., 2007] 66110 nonyyeHo crnegytoLee BblpaxeHue Ans CPpeaHen 3anepxKm T,,
(k) ()
) el
H(k) r,s)e ! t
2 —Zﬁf N - Zf,f)
i=1

T, ({u.} . F) =

K
npu yenouu, uto Y 9 = f <y tae £ - Bennuna notoka knacca i B KC (7,5 ).

i=1
B pabotax [3aitueHko E.FO., 2007] nonyyeHO cnepytollee BblpaXeHWe AN BENWYMHbI JONM NOTEPSHHbIX
MaKeToB B KaHanax (7, s ):

CLR, = B = B/, )" Ly, "
rs " /u
rge
-1
N
Z( I'S)il (er)rs‘i'z( VS) - (.8)
Ko kL K= My

HOPMUPYIOLIMA MHOXMTENb, 71, - YACNO LM(POBLIX KaHanoB 6a30Boil NponyckHon cnocobHocTn ¢ (1.544

M6ut/c) B nuumm ceasu (r,s); N s~ Pasmep Bydepa kommyTatopa MPLS, BblgeneHHoro Ans notoka K-ro

knacca.

Torga BepoATHOCTb  OTCYTCTBMS MOTEPb MakeToB B CETM W3 MHOXecTBa kaHanoB E pasHa

P= JJ(-CLP,)> @ CPEBHAA BEPOATHOCT, (oons) noTepsiHHbIX NakeToB K-ro kmacca B LENOM no ceTu
(r,s)eE

paBHa
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CLP, =1-P=1- [] Q@—CLP,(u,: 1,,))- ®)
(r,s)eE
[anHas 3agaya CuMHTE3a CTPYKTYpbl OTHOCUTCA K  KnacCy KOMOMHATOpHbIX 3agay  [AWUCKPETHOro
nporpammupoBanms 1 senseTcsa NP - nonHon 3agadent. Moatomy Ans ee pelleHus npeanaraeTcs reHeTUYeckui
MeTOA CTPYKTYPHOTO CUHTE3a.

OnucaHne meTofa CTPYKTYPHOrO CMHTe3a

MeTog coCTOMT 13 ABYX 3TanoB: NpeaBapuUTENLHOTO W OCHOBHOTO [3aitueHko E.HO., 2006].

Llenb npenBapuTenbHOMO aTana: CUHTE3VMPOBATb HavanbHY0 CTPYKTYPY CETM, YOOBNETBOPSILIYK YCIOBUSAM
3aJaHHON CBSA3HOCTM.

Ha ocHoBHOM 3Tane, COCTOALLEM M3 OOHOTUMHbIX MTean,VIVI, OoCyLecTBIiaeM ONTUMMU3aLMIO CTPYKTYpbI TeKyU.LeVI
CETU MO CTOMMOCTU NMpU OrpaHUYEHUAX Ha 3aaHHblE 3Ha4YE€HNA nokasatenen kavectea QoS.

Ha npeaBaputenbHoOM 3Tane, nmcnonb3ysa  anroputm I/lcay-anbﬂmca, CHavyana CcTpoum KpaTqaﬁLuee
CBA3blBatoLLiee AepeBo U3 UCXOAHbIX Y3I10B, a 3aTeM JONOoNHAEM ero 4o 3ajaHHON CBA3HOCTY 2.

Mepexoaum Ha NepByio UTEPaLMIo ONTUMM3ALIIA OCHOBHOTO 3Tana.

Ha aTOM aTane wCnonbayeTcs TeHEeTUYECKMA anrOpuTM CTPYKTYPHOrO CuHTesa. [Mpu 9ToM reHepupyetcst
cnydaiHbiM o6pasom nonynsaumss u3 N HadambHbIX CTPYKTYp El(O), E, (O), ........ E (0) 4yTo
HEOBX0AMMO 191 peanuaaLmy reHeTUYECKkoro MeToaa.

OcHoBHoOM 3Tan.

OTOT 3Tan COCTOMT M3 OAHOTUMHBIX UTEPALMA, HA KaXKOOM 13 KOTOPbIX OCYLLECTBASIETCS ONTUMM3aLMS TekyLen
CTPYKTYpbI B NAMSITU MO KPUTEPUIO CTOMMOCTI NPU OFPaHNYEHIUSIX Ha CPESHIOK 3aAEPXKKY.

(k+1) umepayus.
flonyctum,  4yt0 B pesynbTate k- WTepauuM  MOCTpOeHa  Tekywas  Nomynsuus
11 :{El(k),...,El.(k),...,EN (k)}. O6osHaunm yepes Cy (E,(k)) - BenuumHy Kputepust Ans CTPYKTYpbl
E (k).

1. C BeposiTHoctblo  p, (k) obpatHo nponopumoHansHoit Cy(E;) Bbibupaem  ctpyktypy E, (k) pns
MoamduKkaumm.

B kauectse p, (k) BbiGupaem:

C(E, (k)"
= :

> ()’

2. Ana cTpyktypsl E, (k) onpenensiem MHoxecTso KC - npetexaeHTos Ha ypanenue R, (k) no ycrosuam

D; (k) =

COXpaHeHus 3afjaHHoi CBASHOCTY 1 MHOXecTBO KC - npeTeHaenTos Ha BBoa R, (k) .

3.BnaKC (r,s) € R, (k) Bbluncnsiem nokasatens Hea((EKTMBHOCTH

qrj :C/‘S(l_pff):CrS(M) (11)
N C BEPOATHOCTAMU q,, :L Bbl6MpaeM KaHan (l"*,S*), yoansem ero u3 CTPYKTYpbl El(k) n
2. s
(ris)eP,

nonywm EY (k) = E,(K)\(r",s").
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4. [Ins CTPYKTYpbl El.(”) (k) pelwaem 3afayy aHannsa cetu, a uMenHo BINC PI1, ucnonbays anroputm BIC

u PI1, onucanHble B [3aiveHko E.HO., 2007], n Haxoamm HoBble [1C { ,ufs”) (k)} W pacnpegeneHne noToKOB

FY (k) =[ £ (k)]. Botumcnsem eé croumocts CL) = Cy ({ﬂ,(: : }) .

5. CpaBHenue. Ecrn
G (k) < Gy (E,(K)), (12)

1o nonaraem E,(k+1) = E (k) v sanvceisaem ctpykypy E,(k+1) emecto E. (k) 8 nonynsumio M. U

koHeL, utepauum (k+1). MHaye Ha war 6.
6. AHannanpyem MHoxecTBo KC npeteHaeHToB Ha BBOA - R

66,1

(k) , ons HMX paccunTbiBaeM nokasaTenu
athcpexTBHOCTM OT BBOAA B CTpyKTYpy KC (7, /)

G;° =C(mn;)-C (13)

,'j!
(i)
me  C(m;)= Y Crs(frs)_ffs - CTOMMOCTb Nepefayn WH(opMauuu Mexay ysnamn i u j no

(r,s)emjj rs

mapwpyty 7. B cTpykType E, (k) ;

J

C; - cToumocTb Baeperus Hosoro KC (i, ) ;

184) - nonsi tpadouka 8 KC (r,s) mexay yanamn (i, /) ;

r,s)

f., - cymmapHblit paduk B KC (r,s) .

G.. * *
7. C BepostHocTsimn B = ———~— Bblbupaem u3 mHoxectBa R (k) KC (i, ) v BBOOMM €ro B

i
(i.j)eb,,

ctpyktypy E, (k) . Monyuum cTpykTypy E,-(H)(k) =E, (k)u(i*,j*)\(r*,s*) :

8. [Ins CTPyKTypbI l_ffn) pewwaem 3agady BINC P, wucnonb3ys anroputmsl BINC n PI1, Haxogum Hosble MC

{ﬂﬁf)(k)} 7 MOTOK { ,ﬁ”)(k)}, a TakKe CTOMMOCTb HOBO cetm:
H _(H) H
W= (B W)= T W)
(r,s)eE,(H)
9. Mposepsiem ycrosue: ecu L (k) < Cy, (E, (k)) (14)

TO (hUKCMPYEM CTPYKTYpY Ef”) (k) = E,(k +1), 3anuceiaem ctpyktypy E.(k+1) Bmecto E, (k) B Tekywyio
nonynauuto M. Koxey, utepauuu.

10. B npoTBHOM Cryyae BOCCTaHaBNMBaeM npexHiol cTpykTypy E (k) u ynaansem KC (i, j*) U3 cnncka

npetexaetos: R, (k) = R,, (k)\ (i, j7) v nepexopum Ha war 11.

11. Mposepka ycnosus P,, (k) # @. Ecnn aa, To Ha war 6. VHaye Ha wwar 12.
12.Ypansem KC (r*,s*) u3 cnucka npeTeHOeHTOB Ha yaanexue P}Eg)(K) =Pya(k)\ (r*,s* ) -
13.MpoBepka ycrosus Py(g) (k) # @. Ecnn pa, To BoccTaHasnueaem cTpyktypy E; (k) . Boccranasnnsaem

MCXOAHOE MHOXECTBO npeTeHaeHToB Ha Boa P, (k) v Ha war 2. MosTopsiem warn 2-13. VHave Ha war 14.
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14 BoctaHaBnuBaem npexHioo cTpyktypy £, (k) . OHa He MoxeT BbiTb ynydlleHa W 3adukcupyem ee B
nonynsym  T1(k) .

BeiGop apyroit ctpyktypsl £ (k) ua nonynsaumm TI(K) .

lMoBTopsiem ¢ Hen wark 1+13 4o Tex nop, noka ofauH NGO 13 HUX He 3aKOHYMTCS UCXOAOM (14), n Torga KoHey
(k+1)-n wmtepauynm, nmbo cuKcMpyeM B MNONyNsAUMM  CTPYKTYpY E j(k) Kak Takyt, KOTopas He MOXeT

ONTUMU3NPOBAHA 1 BbIBUPaEM ouepeaHyto cTpykTypy 1 u3 nonynsuma anst T1(k) ontummsauun,

MeTon npekpalyaet paBoTy, Korja BCe Tekyle CTPYKTypbl Hekotopoit momynsaumm  LL(7) Gynyr
3aUKCHPOBAHbI, KaK HEBO3MOXHbIE ANA ynyuleHus. Toraa BbiGupaem u3 nonynsaumm ctpyktypy £; (k) ¢
MUHUMarbHbIM 3HaYEHUEM KpUTEepUs C s W KoHeL paboTbl MeToa.

Kak criegyeT 13 NpuBeLEHHOrO ONUCaHWs, AaHHbIA METOA UCTOMb3YeT UOEeN reHETUYECKOrO anropuTMa BMeCTe C

HanpaBneHHbIM nepe6op0M BapWaHTOB.

Mockonbky MCNONb3YeTCs MEXaHN3M CENEKLMMN, TO Ha KaaoN UTepaLmn 3Ha4eHNEe KpUTEPHUS YNyyLiaeTcs. JTUM
obecneynBaeTCs CXOAUMOCTb K ONTUMANbHOMY PELLEHMIO.

B naHHOM cryyae nonyyaemasi CTPYKTypa SIBNSIETCS NoKarbHO-0NTUManbHOR. Ho BMeCTe ¢ TeM, Npu HEKOTOPOM
YCMOXHEHUM MEXaHW3MOB reHepauuu HOBbIX CTPYKTYp (MOTOMKOB) M YBENMYEHWM 4MCHa WUTepauuii MOXHO
obecneynTb CX0ANUMOCTb K I106anbHO-0NTUManbHOMY PeLLEHMIo

3Kcnepu MeHTallbHble nccneaoBaHuUA

C uernbto peanusauuy NpeanoxeHHOro MeToda CTPYKTYPHOrO CuHTe3a bbina paspaboTaHa COOTBETCTBYHOLLAs
nporpamma cuHTesa cete MPLS, koTopas BOLMa COCTABHOW 4YacTbio B WHCTPYMEHTambHbIA MPOrpamMMHbIN
komnnekc “MPLS NETBuilder”. Bbinu npoBefeHbl ee aKCrepUMEHTanbHble WCCREAoBaHWsS B mpolecce
npoekTupoBaHusa rnobanbHon cetn ¢ TexHonornen MPLS VYkpawHbl. B npouecce aKCnepumeHTOB
BapbMpOBanMCb MaTpuubl TpebOBaHWM BXOASALMX MOTOKOB, OrPaHUYEHWs Ha NoKasaTenM Kavectea
obcnyxuBaHus. HekoTopble 13 pe3ynbTaToB NPUBOASATCS HUXKE.

B nepBon cepuu SKCMEPUMEHTOB MCCREAOBANMCH 3aBUCUMOCTM MOMyYaeMblX CTPYKTYP CETEN OT BENMYWH
Matpuy Bxogawmx TtpeboaHuin H(r). Mpu atom matpuua TpeboBaHMIA NS Knacca  yMHOXanacb Ha
koacpdpmumeHT k: H'(r)= k Hof(r).

B nepsom akcnepumeHTe npuHumanock k=0,2. OnTumarnbHas CTpyKTypa NpuBoaMTCS Ha puc.1.

‘-~

b
.{-?'_T.:-—-_'L = L
\enzoreponcit )0

o o e al

PYMBIHA | A o
Puc. 1. OnTumanbHas CTpyKTypa CTOMMOCTbI0 6265,9 ThiC. y.e
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B cnepytowmx akcnepumeHtax koadpduument K menancs B untepsane [0.5-2.0]. CuHTesupoBaHHas CTpykTypa
cetn Ang k=1.0 npuBoanTCS Ha puc.2.

AHanuaupysi CTPyKTypbl CeTW, MOMy4YeHHble Npu BapbMpOBaHMM KOIULMEHTA NPONOPLMOHanbHOCTU K B
puanasoHe 0.2-2.0, MoxHO cpenatb BbiBog 06 ycmouyusocmu 6asosol cmpykmypbi (bekboHa) cemu B
LIMPOKOM ~ AuanasoHe Bapuauuu BXOAAWEW Harpy3ku (Mpu  LeCATUKpaTHOM €€  yBenuyeHuu). 310
CBWAETENLCTBYET O BbICOKOM 3(h(hEeKTUBHOCTY pa3paboTaHHOro MeTofa CTPYKTYPHOTO CUHTE3a CeTel.

.—_'/’

oxa’ " " Beppn
,!7!‘1‘8::(
g h
e Azoeckoe mope _ [
/
KO# 4

PYMbIHUA

1

[MpoBegem CpaBHEHME MOMYYEHHbIX pe3ynbTaToB CTPYKTYPHOTO CUHTE3a ceTen ¢ pelueHuem 3agayun BICPI ans
©a30BON CTPYKTYpPbI CETW NPW BapbipOBaHUKM koadhduumeHTa K.

B tabnuue 1 npuBedeHbl cregylowme pesynbTaThl AN CTPYKTYP C ONMTUMKU3MPOBAHHOW TOMOMNOrMen n ans
CTPYKTYP C (PUKCMPOBAHHOW TOMOMOrMEN, (ONTUMMU3MPOBAHHOM NPy k=1) M OMTUMM3MPOBAHHBIMU C MOMOLLbIO
anroputma BIC PIT nponyckHbIMX CNOCOBHOCTAMMU:

Tabnnua 1
OnTtumuanposaHHble MNC
Koadbpuument OnTMM3MpoBaHHas cTpykTypa | c ucnons3osaxuem BICPT

0,2 6265,934 8052,466
04 9117,214 10463,3
0,6 12056,44 12973,66
0,8 15432,63 15546,2

1 18560,43 18560,43

1,2 19057,57 22800,82

14 22385,43 HeT peLueHus

1,6 25971,16 HeT peLueHus

18 27787,29 HeT peLuenus

2 34928,58 HeT pelueHus

Kak Bugum, nonyyeHHas 3aBMCMMOCTb CTOMMOCTW OT CyMMapHOW MHTEHCMBHOCTM BXOASLLMX MOTOKOB Ormaka K
NIMHENHON, YTO XOPOLLO cornacyetcs ¢ Teopuen. Ipu aTOM ONTUMM3AUMS CTPYKTYPbl CETWU 4AET CYLEeCTBEHHO
nyylne pesynbTaTbl NO CPABHEHMIO C MPOCTO ONMTUMMU3ALMENA NPOMYCKHBLIX CNOCOBHOCTEN NpU (OUKCMPOBAHHOM

CTPYKTYpE.
B nocreaytowmx aKcnepuMeHTax WcCrefoBanach 3aBUCMMOCTb CTOMMOCTW CUHTE3UPYEMbIX CTPYKTYyp OT

3Ha4EHUi cpe,u,HePl 3aepPXKn Tcp Ona pasnnyHbiX KNnaccoB cepsBuUca. B atux JKCnepnmMeHTax BapbupoBanuchb

orpaHuyeHuss Ha T, ANA pasnuyHbiX KaTeropui cepsuca. Mpu atom BenmumHa k=1. CooTBeTCTBYyHOLLME
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pesynbTaTbl NPMBOAATCA B Ta6n|/1u,e 2. AHanmsmpyﬂ X MOXHO cenatb BbIBO , YTO TEM XKeCT4ye Tpe6OBaHI/1$I no
3afiepXkKe, TeM BblLlle CTOMMOCTb CETU, YTO XOPOLLO COrnacyeTca TeopeTU4ECKUMI NONOXKEHNAMMN.

Tabnuua 2. 3aBUCMMOCTb CTOMMOCTU CETM OT CPEOHEN 3aaePKKM

3anepKia Onmmmawp;):il'-l;a;ﬂ CTPYKTypa
1 18790,2
0,3 19449,8
0,12 20233
0,06 20410
0,03 20937,2

3aknoueHue

B pabote npeanoxeH MeTOA CTPYKTYPHOTO CUHTe3a ceTeit ¢ TexHomnormeir MPLS npw orpaHuyeHusx Ha
nokasatenu kayectsa obcnyxveanns. MeToa wCnonb3yeT uhen reHeTUYecko ONTUMWU3auMM W NO3BOMSET
CUHTE3WpOoBaTb Cy6ONTUManbHY0 CTPYKTYpPY CETM MO KPUTEpMIO CTOMMOCTU. [poBeaeHb! aKCnepuMeHTanbHbIe
nccnenoBaHus NPeanoxXeHHoOro MeToaa, No3BoNSHLLNE OLEHUTb ero dPGEKTUBHOCT.

BnarogapHocTu

Cratbst yacTMyHO uHaHcupoBaHHa 13 npoekta ITHEA XXI WHctutyta MHOPMALMOHHBIX Teopun W
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MYNbTUATEHTHAA CUCTEMA 3ALUWUTbI PACNPELENEHHON UMUTALIMOHHOW
MOJENWU C YOANEHHBLIM AOCTYNOM

Anekcanap Mukos, Enena 3amatuHa, Muxaun MaHoB

AHHOmauyus: B pabome paccmampusaemcs pacnpedenieHHas cucmema umumauyuu Triad.Net ¢ yOaneHHbim
docmynom. Obcyxdaromes npoepammHbie cpedcmea, no3sonsrouue uccrnedosamensm ydaneHHO U COBMECMHO
¢ Opyeumu uccredosamensamu 4epe3 Internet g3aumodelicmeosamb € UMUMAUUOHHOU MOOeNbio, a makxe
Habmodamb 3a nosedeHuem Modenu 80 8pems UMUMAUUOHHO20 3KcnepumMeHma. Peanusayus ydaneHHoU
cucmembl  Qukmyem Heobxo0umocmb paspabomku nodcucmeMbl 3auwumsl, Komopas ocywecmensem
obHapyxeHue emopxeHuli u npomusodelicmeyem 3M0yMblNeHHUKaM. [ns peanusayuu nodcucmemsl
3awumel 6bi1 ebibpaH MynmbmuazeHmHbIl nodxod, nossonsrWul ocyuiecmeums aghghekmusHyro pabomy e
KomnsromepHoU cemu.

Keywords: MmMumayuoHHoe ModenuposaHue; CcucmeMbl 3awjumbl OmM  8MOPXEHUU; MyrnbmuaceHmHas
cucmema.

ACM Classification Keywords: [.6 Simulation and Modelling — 1.6.2 Simulation Languages; 1.2 Artificial
Intelligence — 1.2.5 Programming Languages and Software — Expert system tools and techniques.

Conference: The paper is selected from Seventh International Conference on Information Research and Applications —
i.Tech 2009, Varna, Bulgaria, June-duly 2009

BBeaeHue

B HacTosiLee BpeMs akTyarneH nepexof K CO3aaHmio pacnpeaenieHHbIX CUCTEM UMUTALMOHHOTO MOAENNPOBaHMS
(CUM). Kak 13BeCTHO, MMMTALMOHHOE MOLENMPOBaHIe SBASIETCS OAHUM W3 Haubonee YacTo UCMONb3yeMblX, a
NHOTAA W eOMHCTBEHHBIM METOAOM MCCEeoBaHUS CrIOXHbIX cucTeM. CIOXHOCTL 3adaud, pellaeMbiX METOA0M
UMUTALMOHHOTO MOZENMPOBAHUS, SIBNSIETCS MPUYMHOM pas3paboTKM Takoro MpOrpaMMHOro obecrneyeHus,
KOTOpOe N03BONMIO Obl WUCMONBb30BATh PECYPChbl FETEPOTEHHBIX WM TOMOTEHHBIX MHOMOMPOLECCOPHbIX UM
MYNbTUKOMMBIOTEPHBIX  BblYMCTIUTENbHBIX cucTeM (BC). Kpome TOro, akTyambHO UM NpeaocTaBneHve
nonb3oBaTensM CPeACTB yAANEHHOro [OCTyna K MMMTALMOHHBIM Mogensm. MccnemosaTteni, KoTopble
HaxoasATCst B PasHbIX reorpadiuyeckux TouKax, Nony4akT BO3MOXHOCTb paboTaTb Haf OAHAM WMUTALMOHHbIM
MPOEKTOM, COBMECTHO pa3pabaTbiBaTb WMUTALMOHHblE Mogenu U HabniogaTb 3a XOAOM MMUTALMOHHOTO
aKcnepumeHTa. YaaneHHbin goctyn TpebyeT npesocTaBneHus CPeACTB 3allMThl OT B3NIOMOB M BHELHMX aTak,
npopaboTkn BOMPOCOB ayTeHTU(MKALMM, NpaB A0CTyna Ans Monb3oBaTeneil pasnuuHbIX KaTeropuit, T.e.
pa3paboTku cneuuanbHon noacucteMbl GesonacHocTu. Mpexae, YemM OCTAHOBUTLCS Ha 0BCYXAeHUM BOMPOCOB,
CBSI3AHHbIX C MPOEKTUPOBAHMEM U peanu3auuent nofacucTeMbl GE30MacHOCTM, PACCMOTPUM  apXUTEKTYpY
pacnpeeneHHoi CUCTEMbI UMUTALIN.

Pacn peneneHHaa cuctema MMUTaLnn

PacnpegeneHHas cuctema umutauuu paspabatbiBaetcs ¢ npumeHeHnem TexHornorun .Net. Mcnonb3oBaxue
TexHonorvn .Net JatoT BO3MOXHOCTb peanu3oBaTb MMOKY KOMMOHEHTHO-OPUEHTUPOBAHHYIO cuctemy. [ns
CUHXPOHW3aLMK  pacnpepeneHHblx OOBbEeKTOB WMMTALMOHHOM Mogenn pa3paboTaHbl KOHCEepBaTWBHBIA 1
onTUMMCTUYECKM anropuTMbl. Triad.Net sBnsieTca pacnpeneneHHon Bepcuen cucTeMbl MogenupoBaHus Triad.
[NepBas Bepcus aToM cucTembl paspabatbiBanack B 90-x rogax v npeaHasHavanack 41 aBTOMaTM3MPOBAHHOIO
NPOEKTUPOBAHUA W MOAENUPOBAHUS BbIYUCIUTENbBHBIX CUCTEM. [lepBOHayanbHas Lenb OTpasurnacb Ha
NPeAcTaBneHnn UMUTALMOHHOW Mogenn. B Triad npuHsaTo rpacdoBoe npedctaeneHne mogenu. Mogenb
SBNSETCS MepapXMYeCcKon, T.e. Kaxaas BepLUMHa B CNOe CTPYKTYP MOXET ObITb paciumMdpoBaHa nogcTpyKTypol.
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BxogHoOW £3blK ONUCaHWS MOZENei COAEPXMT NepemMeHHble Twuna «Mofenb». Hag mogensmu onpegeneHsl
onepauuu. Onepauuu onpedeneHsl Kak Ans MoAenen B LENOM, Tak U Ans kaxgoro cnos (B Triad mogerns
npeacTaBneHa Croem CTPYKTYp, PYTMH W cooblieHni.). MmutaumoHHas mMoaenb MoxeT ObiTb onucaHa
cpeactBamu A3blka Triad unu nocTpoeHa B pesynbTaTe WCMOMHEHNS1 HEKOTOPOro anroputmMa npeobpasoBaHms
mogenu. [logeuctema aHanusa Mmogenu  obecneusBaeT  noflyyeHue  MHGOpMauuum No  3apaHee
ChOpPMynMPOBaHHOMY 3anmpocy, a He OrpaHu4MBaThb MONb30BATENs CTPOrO PerfameHTUPOBaHHbIM Habopom
cobupaembix gaHHbIX. Takon nogxogd K cbopy uHthopmauuu no3sonset ubexatb U3BbITOYHOCTM COBpaHHON
WHGOpMALMN UMK TOTO, YTO OHA OKAXETCS HEeOCTaTO4HON.

PaccmoTpum 0cobeHHOCTM NpeacTaBneHus uMuTaumonHon mogenm B Triad.Net, ocobeHHOe BHUMaHWe yaenum
NPOrpaMMHOMY MeXaHu3Mmy, UCMONb3yemMoMy A UCCREA0BaHUS MOZenen: WHGOPMaLMOHHBIM npoLeaypam.
VIMEHHO 3TOT MeXaHu3M aBTOpbl pa3paboTky UCMOMbL3YIT ANS peanu3auny yaaneHHoro AoCTyna K MOAenu u
psiaa KOMMNOHEHTOB CUCTEMbI 6E30MAcHOCTM.

MpeacTaBneHne UMMTaLUOHHON MOAENM

OnucaHue umutaumoHHon mogemv B Triad coctouT m3 Tpex crnoés [Mikov, 1995]: cnos ctpyktyp (STR), cnos
pyTuH (ROUT) un cnos coobuwennin (MES). Takum obpasom, mMogent B cucteMe Triad MOXHO ONpeaenuTb Kak
M= {STR, ROUT, MES}.

Cnoit cTpykTyp npeactaBnsieT coboi COBOKYMHOCTb OOBLEKTOB, B3aMMOAEMCTBYIOWMX APYr C  [ApYrom
nocpeacTBOM MOChINKM coobLeHni. Kaxabiii 06 bekT uMeeT nontoca (BXoaHble Pi, U BbIXOAHbIE Poy), KOTOPLIE
CNyXaT COOTBETCTBEHHO ANS NMpuéMa W nepedaum  cooblieHuin. Croit CTPYKTYp NpeAcTaBnslT rpadom.
B kauecTBe BepwwuH rpadha cnegyeT paccMatpuBaTb OTAenbHble 06bekThl. [lyrn rpada onpedensiot CBA3u
mexgy obbektamu. O6beKThl LENCTBYIOT NO ONpeaenéHHOMY anropuTMy MOBELEHWS, KOTOPHLIA OMMCHIBAKOT C
MOMOLLbI0 pyTUHBI (rout). PyTuHa npefctaBnser coboi nocrneaoBaTenbHOCTL COBLITUM, MNAHMPYIOLWMX Opyr
apyra. BeinonHeHve cobbiTisi CONPOBOXAAETCS MBMEHEHNEM COCTOSIHUSA 0ObekTa. PyTuHa Tak xe, kak 1 06bekT,
UmeeT BxofHble (Prin W BbIXOAHblE Proy) nontoca. BxoaHble montoca cnyxaT COOTBETCTBEHHO ANs npuéma
cOOOLLEHNI, BbIXOAHbIE MOMOCa — AN WX nepepayn. B MHoxecTBe COObITUI PyTUHBI BbIAENEHO BXOAHOE
cobbiTne e, Bce BxogHble nomoca pyTuHbl obpabaTbiBaloTcs BXOAHbIM coObiTveM. O6paboTka BbIXOAHbIX
NOMIOCOB OCYLLECTBNSAETCS OCTaNbHbIMU COOLITUAMMU PYTUHBL. [1NS nepegayn cOOBLIEHNS CYXUT cneynanbHbli
onepatop out (out <coobLueHne> through <ums nontoca>). COBOKYNHOCTb PYTWUH onpeaenset cnoit pytH ROUT.
Cnon coobuwennin (MES) npegHasHayeH Ans onucaHus COoBLUeHWid CRoxHoW cTpykTypel. Cuctema Triad
peanu3oBaHa TakuMm 00pa3oM, YTO MONb30BATEMb MOXET ONUCaTb TOMbKO OAWH CrOW. Tak, ecnu BO3HMKAET
HeoOX0AMMOCTb B MCCNELOBaHUN CTPYKTYPHbIX OCOBEHHOCTEN MOAENM, TO MOXHO OnUcaTb B MOLENN TOMbKO
CroWt CTPYKTYP.

UHdpopmaumoHHble npoueaypbl

[ns cbopa, 06paboTku 1 aHanM3a MMUTALMOHHLIX Moaenen B cucteme Triad.Net cywlecTByioT cneuuancHble
00beKTbl — MH(OPMALMOHHbIE MPOLEAYpbl W YCNOBUS MOAenupoBaHus. VH(opMaumMoHHble npoueaypbl U
YCOBUS MOENMPOBAHNS peanuayroT anroputM UCCneaoBaHus.

VHdopMaLmoHHble npoueaypbl BedyT HabniopeHWe TOMbKO 3a TeMM 3remMeHTamu Moaenu (cobbiTusiMu,
nepeMeHHbIMMW, BXOAHBIMW U BbIXOAHBIMU NOSOCAMK), KOTOPbIE yKa3aHb! Nonb3oBaTeneM. Ecnu B kakon-Hubyab
MOMEHT BPEMEHU MMUTALMOHHOIO 3KCNEpUMEHTa NoNb30BaTeNb PELUMT, YTO CriedyeT YCTaHOBUTb HabmoaeHne
3a OpyruMn anemeHTamu Unu BbINOMHATL WMHYK 06paboTky cobupaemon MHGOpMaLMK, OH MOXeT caenatb
COOTBETCTBYIOLME yKa3aHWs, MOAKMIOYMB K MoAenu [Apyrod  Habop WH(OPMALMOHHBIX — npoLeayp.
VHhopMmaLMoHHbIe npoLeaypbl ABNSIOTCA eANHCTBEHHBIM CPEACTBOM CUCTEMBI ANSt OAHOBPEMEHHOrO AOCTYNa K
aneMeHTaM MOAENM, NpuHagnexawmum pasHbiM o6bektam. MIMEHHO ¢ MOMOLLbHO MH(OPMALMOHHBIX MPOLEAYP
nonb3oBaTeNlb MOXET OCYLIECTBUTb B3aUMOZENCTBME (B TOM uYnCne U yganéHHoe) ¢ obbektamu Mogenv Bo
BpeMS MMUTaLMW. YCNOBKUS MOAENMPOBAHNS aHanNM3NPYT pe3ynbTaT paboTbl MHGOPMALIMOHHBIX NpoLeayp ¥
OMpegensT, BbIMOMHEHbl N YCMOBMS  3aBeplueHns MmoaenupoBaHus. Cuctema umutaumm  Triad.Net
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pacrnonaraet 3bIKOBbIMM CPEACTBaMW A1 ONMCaHWSA anroputMoB paboTbl MHOPMALMOHHBIX npoueayp. Mpu
N3MEHEHWNN 3HAYEHUS NEPEMEHHON, 3a KOTOPOW BefETCs HabntoaeHne, Npu BbINOMHEHUN CODLITUS, YKa3aHHOMO
nonb3oBaTenemM, unu nocrne npuxoga (nepegayn) cOOOLIEHNS HA BXOAHOW MOMKOC NPOWUCXOANUT MOAKMIYEHNE
MH(OPMALMOHHOM NpoLeaypbl K KOHKPETHOMY 3M1eMEHTY MOAenu (MocpeacTBOM MapaMeTpoB MHTepdeiica) u
AaHHble 0bpabaTbiBatoTCs N0 3aAaHHOMY B MH(OPMALMOHHON NpoLeaype anroputMy

WMHdopmaLmoHHble Mpoleaypbl M YCNoBUSI MOAENMPOBAHMS WUCMONb3yloT W Ans cbopa MHcopMauun o
MOBELEHUN MOLIENM, O e€ XapaKTepUCTHKAX U B NOACUCTEME 3aLMTbI MHGIOPMALMK (BHYTPEHHUIA YPOBEHD).

Peanusauus yaaneHHoro goctyna

B CWUM Triad peanu3oBaH yaaneHHblii OOCTYyn K umuTaumoHHom Mogenw [Mikov, 2007]. YganeHHoe
B3aMMOLENCTBME C MOLENbI OCYLIECTBSETCS WHAOPMaLUMOHHbIMK npouedypamu. PaspabotaH noptan
«AMnTaLmMoHHOE MOJenupoBaHMe» U yAaneHHbld OOCTYM MOXHO OCYWECTBWUTb Yepe3 Hero. [lporpammHoe
obecnevenue, peanusytowee CUM Triad pasgeneHo Ha cnegyowme mogynu: a) IMPortal — WHTepHeT-nopTan,
OCHOBAHHbI Ha MeTafaHHbIX, KOTOPbIA MOXET WCMOMb30BaThbCA OTAENLHO OT BCEr0 OCTaNbHOTO MPOEKTa Kak
camocTosTensHoe npunoxenue; 6) TriadCore — Gubnmnoteka TMNOB, copepxallas onucaHue 6a3oBbiX CTPYKTYP,
“cnonb3yemblX B MMUTaLMOHHON mopenu; B) TriadEditor — rpadhuyecknin nonb3oBaTeNbCKU MHTEpDERC ans
penaktupoBaHus mogenen (TriadEditor ncnons3yetcs B mogyne IMPortal ons npegocTaBneHns nonb3oBaTensm
CMCTEMbI BO3MOXHOCTY COBMECTHOWN YaaneHHon paboTbl Hag mogensamu); r) TriadClient — npunoxexue Windows,
KOTOPOE MOXHO MPUMEHSITb NMPYU OAHOMOML30BATENLCKON paboTe ¢ MOAENbIO UMK Korga HeT JocTyna k MHTepHeT;
TriadService-cepauc Windows, MCnonb3yeMbli 47151 BbINOMHEHUS MOAENEN.

MoacucTema 3aWmTbl MUMUTALMOHHON MOAENHK

Mockonbky CUAM Triad npepocTaBnsieT Nonb3oBaTensm BO3MOXHOCTb YAANEHHOrO A0CTyna K MOAENM, TO
BO3HWKaeT HeobxoammocTb B 3awmte CUM OT BHELHMX aTak 3N10yMbILLNEHHVKOB.

Kpome ypaneHHoro pexuma pabotel CUM Triad npepocTaBnsieT cepBuchl AN NoKanbHOWM paboTbl €
UMUTaLUMOHHON Mogenbto. OfHaKo KOMMOHEHTbl MOAEnW pacnpedeneHbl Mo OTAEeNbHbIM - KOMMbloTEpaMm
BbIYMCIIMTENBHON CUCTEMbI M 0BMEHMBaKOTCS COODLiEHMAMM BO BpeMs BbiNONHeHus. CneaoBaTenbHo,
3NOYMBbILLNEHHNK MOXET BMeLaTbes B paboty CUM, 3ameHnB HyxHoe coobLieHne, a pesynbTaTbl NPOBEAEHMUS
WMUTALMOHHOTO 3KCMEpUMEHTa B 3TOM Chyyae CTaHyT HedoCTOBEPHbIMU. OTO MOXET noBreyb 3a CoboM
MPUHATME HEBEPHbIX pelleHnn. [ns pelleHus 3ol npobnembl Heobxogumo, 4Tobel cucTema oBHapyxeHus
BTOPXEHWA OTBeYana He TOMbKO 3a 3awmty komnoHeHTa IMPortal, HO M npoBoguna aHanu3 BHYTPEHHWX
COO0BLLEHMI, KOTOPLIMM 0BMEHMBAIOTCA KOMMOHEHTHI cucTeMbl Triad NET.

WTaK, ko BceM nepeuncrneHHbiM moaynsm cuctembl Triad.NET pobaensietcs ewe oguH mogynb TriadSecurity,
KOTOpbIM  MpeacTaBnseT cobol  cucteMy OBHapyXeHWst BTOPXKEHWA B  OBBEKTHO-OPUEHTUPOBAHHYIO
pacnpegenexHyto cuctemy umutaumm Triad NET.

Mpu paspaboTke noacucTemMbl 6€30MacHOCTK ObINO MPUHSTO peLleHne BbIGpaTb MyMbTUATEHTHBIA MOAXOM.
B 3awuuTy 3TOr0 pelleHns MOXHO BbILBMHYTb Credytollme apryMeHTbl: a) apdeKTuBHas peanusauns 3agad,
CBS3aHHbIX C paboToil B KOMMbIOTEPHBIX CETAX (MOMCK, pacnpepeneHHas obpaboTtka uHdopmaumm); 6) rmbkas
HaCTpOMKa CUCTEMbI, BO3MOXHOCTb B paMkax OHOM CUCTEMbl peanu3oBaTb PasHble MOAXOoAbl K PeLeHuIo
3afjaun, NopyYmB X peanusaumio pasHbiM areHTam; B) MacliTabupyeMocTb 3a CHET BO3MOXHOCTM A0OaBneHus
WNW  yOaneHnst  areHToB; T) yBeNWYeHWe (DYHKUMOHANMbHOCTM 33 CYET BBEAEHUS HOBbIX  areHTOB;
[) BOMOMHUTENbHAs CTEMEHb 3aliUTbl OT 3MOYMbILIEHHWKOB 3a CYET [ELeHTPan13oBaHHOMO YnpaBneHus
areHTamu.

B moayne TriadSecurity BbiAensOT 4Ba YpOBHS: @) BHELLHWA YpOBEHb MoZyns 3awutbl cuctemsbl Triad NET
(TriadInterSecurity); 6) BHyTpeHHUn  ypoBeHb (TriadIntraSecurity). BHewHul ypogeHb MOBYNS 3aluThbl
HaxoguTcs Ha cepeepe Ans nybnukaumm \Web-npunoxenuin, B3ammopencteyet ¢ moaynem IMPortal u
npeaHasHayeH Ansg 3aliuTbl CUCTEMbI OT HECAHKLMOHWPOBAHHOTO BMeLLATENbCTBa Yepes yaaneHHbIn AoCTyn.
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BHympeHHUl yposeHb Haxoautcst Ha cepeepe B[l 1 npegHasHaveH Ans 3aliuTbl CUCTEMbI OT MOMbITOK B3fOMa
W3HYTPU, TO €CTb OT COODLUEHW 3MOYMbILMEHHUKA, HaNpPaBMEHHbIX Ha pPa3pyLUeHWe TaKuX KOMMOHEHTOB
cuctemsl, kak TriadCore u TriadService.

[ns B3aMmMoLencTBuMs 3TUX YPOBHEN B pamkax NOACKUCTEMbI 3aLuTbl Obln BblAENEH CneumanbHblii areHT: azeHm
g3aumodelicmausi yposHel 3awjumsl. OCHOBHOM (DYHKLUMEN 3TOrO areHTa SBMSETCS OMOBELLEHUE areHToB
BHELUHEro YPOBHS 3aluTbl O pe3ynbTatax paboTbl areHTOB BHYTPEHHEro YpoBHA 3awuTbl. Jliobas cuctema
0BHapyXeHWNs BTOPXXEHWIA NPU BbISBMIEHNN aTaku Ha 3aluLiaemMyto CUCTeMY JOMKHa CPOPMMPOBATL HEKOTOPYHO
OTBETHYIO peakumto. B Hawwem criyyae npu hopMUpPOBaHUM OTBETHOW peakLyi HeOBXOAUMO y4ecTb pesynbTaTbl
paboTbl areHTOB KaK BHELLHEro, TaK W BHYTPEHHErO YPOBHeN 3aluTbl. OCOBEHHO aKTyanbHbIM 3TO CTAHOBUTCS
npu npoeedeHU pacnpeaeneHHon ataku Ha cuctemy Triad.NET, korga vacTb 3MOYMbILLMEHHUKOB MPOBOAMT
aTaky yepes yaaneHHblid JOCTYN K cucTeMe, a Apyras YacTb 3MOYMbILLIEHHWUKOB, aBTOPU3OBABLLUMCH B Ka4ecTBe
neranbHbIX NONb30BATENEN! CUCTEMBI, NMbITAETCS HAHECTW €1 Bpea U3HYTPY. BbiNo NpUHATO peLueHne 0 TOM, YTO
(YHKUMS HOPMUPOBAHMS OTBETHOM peakuWW NOACMCTEMbI 3alUuTbl OyOEeT BO3NOXEHa Ha BHELIHWI YPOBEHb
3awuTbl. CBA3aHO 9TO, Mpexae BCero, C TeM, YTO BEPOSTHOCTb NPOBEAEHWS aTak Yepe3 yAaamneHHbIn 4ocTyn
BbllLe, YeM BEPOSTHOCTb MPOBELEHUS aTak U3HYTPK CUCTEMBI, TaK Kak NPOBEAEHWe BHYTPEHHEN aTaku Tpebyet
NPEeOLONEHNS BHELLHETO YPOBHS 3aLUNTbI.

Takum obpasom, nerko BblAENseTcs Ccneaylowas eepmukanb 83aumodelicmeusi yposHel nodcucmembi
sawumsr. agmuHucTpatop cuctembl Triad.NET — BHeWwHWW ypoBeHb 3awuTel mogyns TriadSecurity —
BHYTPEHHMI YpOBEHb 3awnTbl Mogyns TriadSecurity .

Miobyto0 MyNbTUAreHTHY0 CMCTEMY MOXHO OonmucaTb cregytommm MHoXecTBamu [Tapacos, 2002]: MAS = {A, E,
R, Org, Act, Com, Ev}, rae A — MHOXECTBO BCEX areHToB, COCOBHbIX (hYHKLMOHMPOBATL B HEKOTOPOI cpeae E,
HaxO4AWMXCS B OMpedeNiEHHbIX OTHOLEHMSX R, 1 B3aUMOLENCTBYHOLLMX APYr C APYroM, GopMUpYys HEKOTOPYHO
opraHusaumo Org, obnagatoLmx psgoM UHAMBUAYaTbHbIX M COBMECTHbIX AeNCTBUIA Act (CTpaTernii noBeaeHMIn n
MOCTYMNKOB), BKMOYas KOMMYHUKaTWBHble feidcTBus Com, W xapakTepusyetcs (Kak W OTAenbHble areHTbl)
BO3MOXHOCTAIMM 3BOMtoLMM Ev. Kaxablit u3 areHTOB MOXET ObITb OXapakTepu3oBaH CreayrLwyMn MHOXeCTBamMm
<S, Prog, Eff, Arch, P, A, G, E>, roe E - cpefia, B pamKkax KOTOPOW (PYHKLUMOHUPYET areHT; S — MHOXECTBO
PeLenTopoB areHTa, C NOMOLLbIO KOTOPLIX OH MOMy4YaeT MHAOPMALMIO O COCTOSHUAW OKPYXaKLLEn ero cpeabl;
Eff— MHOXeCTBO 3(hdheKTOPOB, C MOMOLLbIO KOTOPbIX areHT BO3AENCTBYET Ha OKpyxawowyt cpedy; P —
WHGOpMaLWs, KOTOPYKO areHT nonyvaeT OT CBOWMX peLenTopos; A — OENCTBMS, KOTOPbIE COBEPLUAET Haj
OKpY>KatoLLlei ero Cpefon areHT npu NOMOLLM CBOMX adpdekTopos; Prog — anroputM paboTbl ¢ MHGOpMaLMen,
NOCTYNaloLLe areHTy OT PeLienTopoB, HaNpaBEHHbLIN Ha (POPMUPOBAHUE SENCTBWIA areHTa Haf OKpyxatoLlen
cpepont (Prog: P—A); G — MHOXECTBO Lienei areHTa; Arch — apxuTekTypa areHra.

WTaK, Lenbio MynbTWAreHTHOM CUCTEMbI 3alUWTbl SBMSETCS OnpederneHne CrieaytLmx napameTpos: a) Tuna
NPOBOAMMON aTaku; 6) KOMMNOHEHTa CUCTEMbl, Ha KOTOpbIA MPOBOAWTCS aTtaka; B) BPEMEHW Havana ataku;
KOMMbloTEepa, C KOTOPOro MPOBOAMTCA aTaka; r) peakLun Ha BTOpXeHWe. Bbinu BblheneHbl areHTbl cnegyoLumux
TUMOB: @) areHT-gaTuMK (areHT-ceHcop); ©) areHT BbISBMEHMS aTakW BHELUHErO YPOBHS 3alUWTbl; B) areHT
pearmpoBaHus; ) areHT BbISIBNIEHWS aTaku BHYTPEHHErO YPOBHS; [) areHT B3aWMOAEUCTBUS C NONb30BaTenem;
areHT B3aMMOAENCTBUS YPOBHEN 3awuTbl. Paccmotpum Gonee nogpobHO (DYHKUMM  KXKOOTO M3 HMX.
B3aumopaencTeue areHToB NOACUCTEMbI NPEACTaBMEHO Ha puc. 1.

AreHTbI-gaTYnKn

K MCTOYHMKAM BHELLHMX YrpO3 OTHOCATCSA CETEBOW Tpaduk W XypHanbl pernctpaumn. B nogcucteme Triad.Net
peanu3oBaHbl areHTbl-AaT4nk1, cobupatoLme MHGOPMaLMIo U3 CETEBOrO Tpaduka, NOCKONbKY MHOpMaLms O
nobom yaaneHHOM BO3LENCTBUM, TaK UMM WHaYe, COLEPXMTCA B CETEBOM Tpadvke, a XKypHanbl pernctpauum
NCMONb3YITCH KaK BCMOMOraTenbHbIi UCTOYHMK. Onacasch 3aMefaneHnst peakuuu MOACUCTEMbI 3aluTbl Npy
cbope n obpaboTke WHPOPMALMM O CUCTEMHBIX XypHanax, aBTOPbl MPUHSANM PELLEHNe He peanu3oBbIBaTb
areHTbl-gatyuky, cobupaiolme MHMOPMaLMI0 13 CETEBbIX XYpHaroB. AreHT-4aTyuK SABMSETCH peakTUBHbIM,
MOCKOSIbKY EMY HE HYXHa HW pa3BuUTasi MOAEMNb BHELIHETO MWPA, HU BHYTPEHHSS NamsTb, HA MOTMBALWS, 3aTO
ypesBblyaiiHO BaxHa ObicTpoTa ero peakuun [Tapacos, 2002]. KonuuecTBO areHTOB-4aTYMKOB 3aBUCWT OT
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MaclTaboB BbIMACIMTENBHOW CETW, TOYHOE MX 4KUCNO onpedenseT agmuHucTpatop cuctembl Triad.NET.
ApxuTekTypa areHTa-gatymka SBISETCS AOCTAaTOMHO MPOCTOW, B €ro paboTe MOXHO BbiAENUTbL Credylolne
aTanbl: PELENnTOpbl areHTa 3axBaTblBAlOT CETEBOM MakeT, MepeaaloT ero WCMONMHUTENbHOMY MOZYM0 areHTa
(MHOXeCTBO P); MCMOMHMTENbHBIA MOAYMb areHTa NpoBOAMT pas3bop 3arofoBka CETEBOro MNaketa no
onpegeneHHoMy anroputMmy, O KOTOpom OydeT pacckasaHo nosgHee (anroputM Prog); acdeKTopsl areHTta
BbIKIa4blBAOT pe3ynbTaThl ero paboTbl Ha «BOCKY 0O BSBMNEHMIN» (MHOXECTBO A).

KomnetoTep agMuHMCTpaTopa CUCTEMBI
oGHapyXeHWA BTOPXEHWA

TriadOutSecurity
Basa AreHT BIaNMOAEHCTBKUA C
3HaHUIA O nene3osaTtenem
peakumnax Baza
Ha aTaku curHaTyp

arak

AreHT
pearnpoBaHuA

[Docka o6uaenennin | | ArenT BhIRBNEHUA
BHELUHEro ypoBHA BHELUHWX aTak

AreHThl-AaT4MKmn
BHELLUHETO YPOBHA

TriadInSecurity

AreHT B3aUMOAERCTBUA YPOBHER
3aUnTHI

Nocka oGbABNEHWA | | AreHt BeIABNEHNA
BHYTPEHHErD YPOBHA BHYTPEHHUX aTaK

Puc.1. Bsaumodeticmeue azeHmos nodcucmembi 3alyums|

AreHT BbISIBNEHWUA aTaku

AreHT BbISIBNEHWS aTaku, HECOMHEHHO, SBMAEeTCS CaMblM BaXHbIM KOMMOHEHTOM BCEW MNOACUCTEMbI
obHapyxeH1si BTOPXEHWA, BeAb WMEHHO eMy MpefCTOUT PEeLUTb CaMylo CROXHYK 3adady — obHapyxuTb
nonbITky BTOpXeHus B cuctemy Triad.NET (MHOXecTBO G uenen areHta). JTOT areHT peanusyetcs Kak
KOrHUTMBHBIA areHT C pa3BUTON MOAENbI0 BHELIHEr0 MUPa, Y HEro JormkHa ObiTb CBOSI BHYTPEHHAS NaMsATb, HO
rMaBHOE — OH [OSKEH YMETb BECTU CMOXHbIE U pedprekcuBHbIE paccyxaeHns. OCHOBHBIM KOMMNOHEHTOM areHTa
BbISBMEHUS aTaku SBMsieTcs cneuuanbHas 6asa curHatyp atak. [log curHaTypon Mbl Oydem noHWMaTh
HEKOTOPLIN NPKU3HaK Tpaduka, onpeaensitomnin OaHy U3 U3BECTHbIX aTak. basa curHatyp coctout u3 npasun. B
Base curHaTyp aTak areHT BbISBMEHWS aTak XpaHuT npasuna, ONuChIBaOLLME Pa3NNyHbIe BALbI aTak, N3BECTHbIE
nopcucTemMe obHapyxeHnst BTOPXeHUA. ECTECTBEHHO, C NMOsIBNIEHMEM HOBbIX aTak 6asa curHatyp arak [omkHa
nononHATLCA. ATy Npobnemy AOIMKEH peluaTb CaM areHT BbISBMIEHUS aTtaku, nononHas 6asy curHatyp. Kpome
TOr0, NPEAYCMOTPEH CchneunanbHbii KOMMOHEHT NpUOBpPeTeHUs 3HaHWW, MO3BONSIOWMA afMUHUCTPATOPY
cucTeMbl camoMmy [06aBnsTb HOBble MpaBuna B 6asy curHaTyp atak. AreHT BbisiBNEeHUst atak (hyHKLMOHMpYeT
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cnegylowmm obpa3om: peuenTopbl areHTa CKaHUpYloT «4O0CKYy OObSBNEHWA» C LENbl BbISIBNEHWS HOBbIX
3anuceil ¢ MHhopMaLMen O 3arornoBKe HEKOTOPOro CETEBOro NakeTa U nepeaaroT 3Ty 3anicb UCNONMHUTENBHOMY
MOAYMIO areHTa (MHOXeCTBO P); UCMOMHUTENbHBIA MOAYMb areHTa, MCNosb3yst BCTPOEHHBIA MEXaHN3M BbIBOAA,
0a3y curHatyp atak M BHYTPEHHIO (pabouylo) MaMsTb areHTa, aHanuaupyeT 3Ty 3anucb Ha Hamuune
WHopMaLun O BTOPXKEHWUM (anroput™ Prog); addekTopbl areHTa BblKNadblBaloT pesynbTaTbl aHanu3a Ha
«0CKy 0DbsABNEHNA» (MHOXECTBO A).

AreHT pearmpoBaHus

BHelwHNA ypoBeHb 3awnTbl POPMUPYET HEKOTOPYKD PEeakUMio NOAcUCTEMbl OBHApY)XEHWSI BTOPXKEHU Ha
BbISBMEHHYIO aTaky W npegnaraer 3TOT BapWaHT afMMHUCTPATOpy cucTeMbl. DOpMUPOBaHMEM peakLuu
BHELUHEro YPOBHS 3alLWTbl 3aHUMAETCS CreuuanbHO BblAENEHHDbIA areHT — areHT pearnpoBaHus (MHOXeCTBO G
Leneit areHTta). OTO KOTHUTMBHBLIA areHT, obrnapaowuii pasBUTO MOZENbI) BHELUHETO MUPa, BHYTPEHHEN
NamsTbi0 U MOTUBALMEN, KPOME TOrO, OH AOMKEH UMETb BOMOXHOCTb NPOBOAUTL CIIOXHbIE PacCyXaeHus Ans
onpegeneHns BepHOM peakunn MNOACUCTEMbI 3alMTbl. ApXWTEKTypa areHTa pearypoBaHus Cxoxa C
apXMTEKTYPON areHTa BbISBMEHWUS aTaku 3a MUCKITOYEHWEM TOrO, YTO areHT pearMpoBaHWs B3aWMOLENCTBYET C
0a3on 3HaHWN O peakuMsix Ha aTakn. OYHKLUMOHWPOBAHWE areHTa pearvpoBaHWs MOXHO OMWUCaTb CREAYHLLUM
0bpa3om: peLenTopbl areHTa CKaHWPYKT «A0CKYy OObSBMEHMI» C Lenblo BbISBMEHUS HOBbIX 3anucen ¢
WHEopMaLMen 0 NOLO3PUTENBHbIX CETEBbIX MAKETax 1 NepeaatT 3Ty 3anucb UCMOMHUTENBHOMY MOLYIIO areHTa
(MHOXecTBO P); NCNOMHUTENbHBIA MOLYMb areHTa, UCMNonb3ys BCTPOEHHbIN MexaHu3M BbiBoga, 6asy 3HaHWi o
peakLusaX Ha aTaku 1 BHYTPEHHIOW (pabouyio) namsThb areHTa, aHanuaupyeT 3Ty 3anuchb C Lenbio (hopMUPOBaHUS
OTBETHOW peakLun NOACUCTEMbI 3aluThl (anroput™ Prog); 3ateKTopbl areHTa BblKNaablBalOT pesynbTathl
aHanusa Ha «Jocky o6bsiBneHuiny (MHoxecTBo A). Mpu paboTe MCMOMHMTENBHOMO MOAYNS MOXET CNOXWTHCA
CUTyauus, Npu KOTOPO areHT pearMpoBaHWUS He CMOXET MO UMEIOWMUMCS Y HEero AaHHbIM copMupoBaTh
peakuuo cucTembl. B 3TOM cuTyaunm areHT pearMpoBaHus 0BpaTUTCA 3a MOMOLLBK K CBOMM peLentopam 1
notpebyeT OT HMX ONpeAeneHHon MHopMaLMM ¢ «O0CKM OOBbSBNEHM» (HanpUMep, OH MOXeT noTpeboBaTh
nHdopmaLmto 060 BCex ceTeBbIX NakeTax, NpuLeaLImnx ¢ onpegenexHoro IP-agpeca).

AreHT B3aMmoaencTBMA € NONb30BaTenem

HasHauyeHue areHTa B3aMMOAENCTBUS C MONb30BaTEPEM — MOAAEPXKa Auanora ¢ norb3oBarteneM, KoTopbiM B
[aHHOW cuTyaumn vawe Bcero Oyget agmuHuctpatop cuctembl Triad.NET. AreHT B3aumogenctaus c
nomnb3oBaTeneM SBSETCS TUMWMYHBIM PeakTUBHbIM areHToM. PaboTta areHta 3aknovaeTcs B CregyloLem:
a) NpeaoCTaBneHne aaMUHUCTPATOPY MHGOPMaUMM O COCTOSHUM MOACMCTEMbI 3aliUThl, @ UMEHHO, ChUCKa
ceTeBblX naketoB, obpabaTbiBaeMbiX NOLCUCTEMOW, C WX napameTpami (Mpu 3TOM aAMMHUCTPATOP MOXET
AMHAMUYECKN MEHATH CMMCOK OToOpaxaeMbix napameTpoB); 6) NpeaocTaBneHne agMUHUCTpaTopy MHAOpMaLmMm
06 obHapyxeHHbIx Ha cuctemy Triad.NET aTakax W BO3MOXHbIE BapuaHTbl peakLyi Ha CO3AABLUYIOCS CUTYaLMIO;
B) NpedocTaBfeHne  aAMUHUCTPATOPY BO3MOXHOCTW 3anycka W OCTAHOBKM APYrMX areHTOB CUCTEMbI;
r) NpesocTaBneHe agMUHUCTPATOPY BOMOXHOCTM pasnuyHbIX HACTPOEK NOACMCTEMbI 6E30MacHOCTM.

AreHT B3aMMOZEeNCTBMSA YPOBHE 3aLUTbI

AreHT B3aMMOLENCTBUS YPOBHEN 3alUuTbl SBASETCS CaMbliM MPOCTbIM areHTOM MOACUCTEMbI 3aluTbl OT
BTOPXEHUI, (PYHKLMEN 3TOTO areHTa SBISETCS ONOBELLEHWe areHTOB BHELHErO YPOBHSA 3alUuTbl O pesymnbTaTax
paboTbl areHTOB BHYTPEHHErO YPOBHS 3alLuTbl. Be3ycnoBHO, areHT B3auMOAENCTBUS YPOBHEN 3aLUUTbI ABASETCS
peakTMBHbIM, @ ero paboTa BKMoYaeT CrieaytoLme AeNCTBMS: CkaHMPOBaHWe «A0CKM 0OBABMEHMIA» BHYTPEHHErO
YPOBHS 3aLMThl B MOMCKax MtobOM HOBOW MHGopMaLuMu W nepefava HaigeHHoON 3anucu addekTopam areHTa;
pobaBneHne HalgeHHo 3anncy Ha «4oCKy 0ObSIBMEHMIY BHELLHETO YPOBHS 3aLNTbI.

B npenblaywmx pasgenax faHHoi paboTbl ObinW BblgeneHbl areHThbl, BXOAALWME B COCTAB MyNbTWAreHTHOM
nogcuctembl 3awumtbl TriadSecurity, Obinn onpefeneHbl YHKUMM 3TUX areHTOB M WX apxuTekTypa. Ha
cnepytowem atane HeobxoanMO CNPOEKTUPOBATL apXUTEKTYPY YXKE BCEN NOACMCTEMBI 3aLLMTbI, ONPEAEenB TeM
cambIM cnocob B3auMOAECTBIS areHTOB.
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ApqueKTypa noACUCTEMbI 3allKUTbI

B kauyectBe 6a30BOM apxWTeKTypbl ANns mogcucTeMbl 3awwmtbl TriadSecurity Obina BoibpaHa Blackboard-
apXuUTeKTypa (apxuTekTypa «A0CKkM 06BbSBMEHNA»), KOTOPas BKMOYaeT B cebs crneaytoLme KOMMOHEHTbI: «A0cka
00bSBNEHUIAY, KOTOpas OTBEYaeT 3a XPaHeHWe CBEAEHWH, JOCTYMHbIX BCEM MCTOYHWKAM 3HaHMIA (areHTam);
WCTOYHWMKW 3HAHMIA (areHTbl) — CYLLHOCTM, peanuaytolme ob6paboTky 3TUX CBEAEHMA C Lienblo peLeHns Tex
3afay, kotopble Oblnn NOCTaBMeHb! Kak Nepes BCE MyNbTUAreHTHON CUCTEMON B LIeSIOM, TaK U Nepes OTAENbHO
B3ATbIMM areHTamu 3TOM cucTeMbl. PesynbTtathbl paboTbl no6Oro W3 areHToB MyNbTUAreHTHOW CUCTEMb
OKas3blBaTCS Ha «Jocke 0ObABMEHMIY, Nocne Yero MoryT 6biTb UCMONMb30BaHb! NKOOLIM APYrMM areHToM Ans
JOCTUXEHMS CBOMX Lienet.

«[Jocka 06BABNEHNA» — 3TO TOT KOMMOHEHT CUCTEMbI, KOTOPLIA 0becneynBaeT B3anMOAENCTBIE MEXIY BCEMU
0e3 ncknYeHus areHTamn noacucTembl TriadSecurity, CBSI3bIBAET BCEX areHTOB ANs peLleHnst obLen 3agayum u
SBMSETCA  XpaHWMWEM Bcel uHdopmaumm o paboTe noacucteMbl OOHapyXeHus BTOpxeHui. Panee
YNOMMHANOCh, YTO CYLLECTBYET ABE «JOCKM OOBABMEHMA»: MO OLHOW HA Kaxabli ypoBeHb 3awuTbl. Bces
WH(OpMaLWS C BHYTPEHHEN «4OCKM OO BABNEHWA» NONAAAET U HA BHELUHION «4OCKY 0ObSBIEHUNY.

C BHyTpPeHHelt «fockoit 06bsiBneHuiiy BeayT paboTy BCEro ABa areHTa: areHT BbISBNEHUS! aTak BHYTPEHHErO
YPOBHS BbIKNafbIBaET HA «40CKY 0OBABNEHUA» pe3ynbTaThl CBOE paboThl, a areHT B3aMMOAEHCTBHUS YPOBHEN
3alMTl CKAHMPYET «OOCKY OObSBMEHUA» C LIENblo MEPEeHOCa BCEX HOBbIX 3amMCeil Ha BHEWHWUA YPOBEHb
3awmThl. Ha «gocke 0GbsIBNEHMIA» BHELLHErO YPOBHS 3alUMThbl BblKnaablBaeTcs MHGOPMaLNS Ans MHOXECTBa
areHToB NOACMCTEMbI 3alLyThl. COOTBETCTBEHHO, BO3HMKAET NOTPEBHOCTb B CTPYKTYpU3aLMM BHELLHEN «O0CKM
00bsSIBNEHUIY C Lienblo pasrpaHuyeHnst JOCTyna K Heil areHToB MOACUCTEMbl 3alMThbl: KaXabld areHT
MOACHCTEMbI 3aLUMTBI CKAHUPYET MHGOPMALMIO TONbKO Ha ONPeAeNieHHOM YacTu «[0cku 06bsIBNIEHUIA», a He BCO
LOCKY, 4TO yBENNIMBaET ObICTPOAENCTBIME CUCTEMBI, A, CHIELOBATENBHO, U BbICTPOTY €€ peakLun Ha BTOPXKEHMS.

Takum obpa3om, «gocka OObSBNEHMI» BHELIHEr0 YPOBHSA 3aluTbl NPeAcTaBnsieT cob0i HOpPManU3oBaHHYH0
0asy AaHHbIX, YCMOBHO pa3feneHHylo Ha Tpu YacTu (Mo TOW MpUYMHE, YTO TPW areHTa B3aMMOLEWCTBYIOT C
«BOCKOM OOBSABMEHMIY) C LENbl pasrpaHuyeHus LOCTyna areHToB K «ocke OOBABMEHWA» U COKpaLLEeHMUs
noucka areHTamm HeobXxoaNMon UM MHGOPMALK.

Peanuszaumsa nogcucremMbl 3alUTbl UMUTALMOHHON MOAENN

ApxutekTtypa npunoxeHus TriadSecurity 6asupyeTcs Ha NpUHUMNax MHOTOCTIONHOW apXWUTEKTYPbI, T.6. B paMKax
MPUNOXEHUS BLIAENSAETCA HECKONMbKO HE3aBWCUMbIX CIOEB, KaxAbll M3 KOTOpbIX paboTaeT Cco CBOMMM
CTPYKTYpamu [aHHbIX 1 B3aUMOAENCTBYET CO CMEXHBIMU CNIOSIMM, NOMy4as unu, HaobopoT, OTNPaBNsAs 3anpochl
Ha 06paboTKy TOW MnKM MHOW MHGOPMALMK.

B npunoxenuun TriadSecurity BblgensioT cnegytowme crion apxutektypel: Data Access Layer (ypoBeHb JocTyna k
[aHHbIM), 3TOT YpOBEHb OTBEYAaET 3a B3aMMOAENCTBME areHToB C «Jockon 0ObsBNEHWN» (knacc
DataAccessOperations  peanuayeT reHepauuio  pasnuuHblx  SQL-3anpocoB  OT  areHToB  MOACUCTEMbI
0OHapyXeHNs1 BTOPXEHUN K «aocke oObsiBneHuny); Agents Layer (ypoBeHb paboTbl areHTOB MOACKCTEMBI), Ha
9TOM YPOBHE (PYHKLIMOHWPYIOT BCE areHTbl MOACMCTEMbI OGHApYXEeHUs BTOPXKEHWU, 3a WUCKMOYEHUEM areHTa
B3aMMOAENCTBUS C nonb3oBaTtenem; Presentation Layer (ypoBeHb B3aUMOZENCTBUS C NONb30BaTENIEM), HA 3TOM
YPOBHE  (DYHKUMOHMPYET areHT B3aMMOLENCTBMS C NONMb30BaTeneM, NPefocTaBnsas — agMUHUCTpaTopy
WH(OPMALO O TEKYLLEM COCTOSHAW CUCTEMBI.

BHyTpeHHMI ypoBeHb NOACUCTEMBI 3aLUTbI UMUTaLMOHHOW MOAENK

B HacTosllee Bpems peann3oBaH BHELHMIA YPOBEHb NOACUCTEMbI 3aLLMTbI UIMUTALMOHHOM Moaenu. BHyTpeHHMil
YpOBEHb MOACMCTEMbI 3aLLMTLI OyAeT peanu3oBaH ¢ UCNONb30BaHMEM MeXaHU3Ma MHAOPMALMOHHbIX MPOLEaYp.
/IMEHHO WHGOPMALMOHHbIE MpoLeaypbl SBNSHOTCS YAOOHbIM CPELCTBOM, KOTOPOe MOXET 3adMKCMpOBaTb
aHOMarbHoe 3HauyeHne coobLUeHUs Ha Bxoae 0bbekTa pacnpeaeneHHon MUMMUTALMOHHOM Mofeny, onpeaeniTb
BEPHYI0 NOCNEA0BATENBHOCTb COBbITHIA, BIMOMHSIOLLYIOCS B MOAENM, 3aperucTpupoBaTh HEBEPHOE 3HAueHMe
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nepemMeHHoN B 3aAaHHbI MOMEHT MOAENbHOro BpemeHu U T.4. Kpome Toro, MHGOpMaLMOHHbIE NpoLeaypbi
SBNATCA ©AMHCTBEHHbIM CPEACTBOM NSl JOCTYNa K pasnuyHbiM 0ObekTaM MMMTALMOHHOW Mofenu B
KOHKPETHbI1 MOMEHT BPEMEHM.
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NMPUMEHEHWE OLEEHOYHOW MOENK ANA AHANU3A YCNOBUA OOCTYNA
K KNACTEPHON UH®OPMALIMOHHOW CUCTEME

Bayecnas YymayeHko

AHHOmayusi: Paccmomperbl 80npockl NOCMPOEHUS UHGOPMALUOHHO20 0BecneyeHus meppumopuanbHo2o
kmacmepa u cosdaHusi cemu docmyna Onisi €20 yyacmHukog. PaccMompeHa npobnema oueHugaHusi cemu
docmyna Kak CrioXHoU pasguearowelics CUCMeMbI Ha NPUMEPE UCNO/b308aHUs 8eKMOPHOU 0UEHOYHOU MOdeU.
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and Principles, K. Computing Milieux - K.6 Management of computing and information system

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

McxopHble npeanocbiikKn

dopMUpOoBaHMe arpervpoBaHHbIX OLIEHOK NpeAcTaBnsieT coboi 4OCTaTOMHO pacrpocTpaHeHHyto 3agadvy. Oxa
BO3HWKAET Mpu MPOBEAEHUN KBaNMMETPWUW (OLEHKE KavyecTBa), MpU YNpPaBNEHWM TEXHUYECKUMW UMK
X03AMCTBEHHbIMA  0ObEeKTamMu, KOMNEKTUBaMK, NPW CPABHEHWW MPOEKTOB, OLEHKE 3HAHWW, OnpeaeneHwm
9(PPEKTUBHOCTM UNK pucka. MHbIMM CrioBamu, 3Ta 3agada BO3HWUKAET BCEraa, KOTAa HY)HO NONyyYnTb HEKOTOpOe
06006LleHHOe, MHTerpansHoe NpeacTaBneHne, a 0ObEKT B HOPME OMKChIBAETCS HAOOPOM YaCTHbIX, NOKAmNbHbIX
NPU3HAKOB.

B paHHOM paboTe onMCbIBaKOTCA HavanbHble 3Tanbl NPOEKTUPOBaHMS WHGopMaLmoHHOM cuctembl (MC) ans
TEpPPUTOPUanNbHOrO  Knactepa, B KOTOPbIX UM CTaBMTCA Lenb MOMyuMTb arpermpoBaHHoe, 06obuieHHoe
NpeacTaBeHne O BO3MOXHbIX BapuaHTax MoCTpoeHus ceTi goctyna ans aton VC v oueHKy 3TUX BapuaHTOB.
Takum 0Bpa3om, MOXHO BblAENUTb PSR 3aday: BbloeneHue TpebOBaHUI YYaCTHUKOB TeppUTOpUanbHOro
Knactepa K CeTu; onucaHue (mogenu) obbekta 4N MOCTPOEHWS arperMpoBaHHON OLEHKM MapamMeTpoB CeTw;
aHanu3 pe3ynbTaToB OLEHMBaHUS ANs KOPPEKTUPOBAHUS BECOBbIX KOIPAULMEHTOB BEKTOPHON MOAENM W Np.

Mpu 3TOM NOA OLEHOYHOI MOAENbI0 MOHUMAETCS HE TONbKO (HOPMUPOBAHWE HEKOTOpOro Habopa anropuTMOoB
BbIYUCNEHNS OLEHKM HA OCHOBAHUWN MHOXECTBA BHYTPEHHWUX (DaKTOPOB, HO Takke MOCTPOEHWE CBS3el Mexay
CcBOWCTBaMM 1 TpebOoBaHMAMM K HUM, paccTaHOBKA BECOBbIX KO3((ULMEHTOB M OMpefeneHne 3TaroHOB,
MPOEKTUpOBaHMe CUCTEMbI 0OPaTHOM CBSI3W AMst NPOBEPKW Pe3yrbTaToB W KOPPEKTUPOBaHWS BECOB, CUCTEMbI
aHanu3a pesynbTaTos U T.A.

[N pelleHns TeopeTWyeckx W MPaKTUYeCKMX 3afday BaXHbIM BOMPOCOM SBMSETCs onpedeneHve (otbop,
(hopMUpOBaHMKe 1 T. A.) MHAMKATOPOB Pa3BUTUS, NapamMeTpoB, ONPeAEnsioLLMX HanpaBneHHOCTb, YCTOMYNBOCTb,
KauyeCTBO aHanM3MpyeMoro unm ynpaenseMoro passutist. MNpu noctpoeHun aeKTMBHOrO MH(OPMALIMOHHOTO
obecneyeHns TepPUTOPUAnbHOTO KnacTepa B HalleM Chydyae 9Ta 3ajava BbifMBAETCs, B YaCTHOCTW, B MOMCK
OTBETOB Ha CMeAyHLLME HEMANOBAXHbIE BOMPOCH:

- M3 KaKuX KOMMOHEHT W CBS3elt CKaablBaeTCs KnacTepHas cTpykTypa?

- Kakum 06pa3om aormkeH ObiTb peanu3oBaH JOCTYN Ans PasHbIX Y4ACTHUKOB KNacTepa W kakue BUAbl yeryr
cneayeT BHEAPUTL Ha TEPPUTOPUM paiioHa?
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- 332 CYeT KaKMX TEneKOMMYHUKALMOHHBIX W MH(OPMALMOHHBIX CPEeACTB MOXeT ObiTb MOBbILLEHA
3hheKTUBHOCTL paboThl YYAaCTHWUKOB Krnactepa, kak OyaeT npoxoauTb AanbHeiwee passutue UC,
kakue uenu 6ygyT bonee npuopuTeTHLIMU?

1. O cMbicne (hOpMMPOBaHUSA KNACTEPHON CTPYKTYpbl

Mog knacTepoMm cnegyer nNOHMMaTb NapTHEPCKOEe OObeaMHEHWE MO TeppuUTOpPUanbHOMY — MPU3HAKY
NPOU3BOAMTENEN TOBAPOB MMM YCAYr - C MOCTaBLUMKAMK, CMEXHUKaMU U APYrUMU PasHbIMA UHCTUTYLUSMU C
Lenbio MOMyYeHuss WHAWBMOYarbHOM U COBOKYMHOW 3KOHOMWYECKOW WKW [pYyroid BbIrodbl Ha OCHOBE
KOMMMEKCHOrO YAOBMNETBOPEHNSI CBOMX MPOW3BOACTBEHHBLIX MOTPebHOCTEN 1 3anpocoB notpebutens [1]. Ons
XpaHeHWs OaHHbIX 1 obecneveHns cBa3ei Mexay urypaHtamu knactepa, TO eCTb, 4N PELUEHNS He TOMbKO
NH(OPMALMOHHBIX, HO WU OpraH13aLMOHHbIX/KOOPAMHALMOHHBIX 3a4ay O4YEHb BaXHOM M HeoBXoaMMon SBUTCS
passuTas 1 notomy acpektnHas NC. TenekoMMyHUKaLMOHHbIE CBA3W POPMUPYIOT CeTb JoCTyna, a obwas UC
no3BonseT 6bICTPo 06MEHNBATLCS MHGOPMALMENA, B TOM YMCE N MHHOBALMOHHBIMM pa3paboTkamu.

Heckonbko coobpaxeHuin HeobxoaMMO BbickasaTb O MeTa3adave, B 3TOM cryyae 6yneT bonee NOHSTHON porb 1
3HAYMMOCTb TENEKOMMYHUKALMOHHOM CUCTEMBI B LIENOM 1 €€ MH(OPMALMOHHOrO 610ka, B YaCTHOCTH.

Mpn opmmpoBaHUM cTpaTernn CoumarnbHO-9KOHOMUYECKOTO PasBUTUS B LIENIOM OHOM U3 Haubomnee BaxHbIX
npobremM £BnseTcs MOCTPOEHWME HOBbIX OPraHU3auUMOHHbIX (OPM M CO3AaHne UX  3(EKTUBHOMO
WHpacTpykTypHoro obecneyeHns. B HacTosiee Bpems MpUHUMNWANbHOE 3HadeHue npuobpeTaet
B3aMMOZeNCTBMe rocyfapcTea, OusHeca M pasnnyHbIX MHCTUTYLMOHANbHBIX CTPYKTYP Kak Tpex BaKHEeMLLMX
CyObEKTOB PEerMoHarnbHON SKOHOMUYECKOH NONUTUKY, @ Takke CETEBOE B3aUMOLENCTBUE Pa3NMYHBIX KOMMAHWI
Mexay cobon B peanusaumn dPPEKTUBHBIX MyHULMNANbHBLIX MPOrpamMm 1 NPOEKTOB, NPEXAE BCEr0 HayKOEMKUX.
Takoe B3aMMOAENCTBIE AOCTUrAETCs B pamkax KnacTepHbIX CTPYKTYp, NpeacTaBnstowmx coboin agdektusHoe
obbeanHeHne (He Bcerga chopmarbHOe) OnpederneHHoN COBOKYMHOCTU B3aMMOCBSI3aHHbIX Mexay coboi
KOMNaHWI, a Takke rocyaapCTBEHHbIX 1 OBLIECTBEHHBIX MHCTUTYTOB, UMEHOLLMX HEKOTOPbINA 0BLMIA MHTEpEC.

Mpumepamu Taknx obbeanHeHn MoxeT ObiTb B3aMMOAENCTBME aBTOMapka knactepa (BO3MOXHO, COCTOSILLErO
N3 HECKOMbKUX (PUPM) C TakMMKU cOLManbHbIMKW OBbekTamu, kak Lwkoma uv GonbHuua. BropocteneHHbIM
ABNSeTCA BOMPOC 06 9KOHOMMYECKON B3aMMOBbLIrOAE, B AaHHOM Cryyae BO3MOXHA mMaTepuarnbHas Noaaepxka
aBTonapka MyHULMNanuTETOM, a LWKoMa MOXET, Hanpumep, MOMOYb B Kakux-nubo pabotax asTOMapky.
ObcnyxuBaHMe MeCTHbIM, TO €CTb e[uHbIM, aBTOMAPKOM Y4YaCTHMKOB KnacTepa no3sonseT 0Oonee
LeHTpanu3oBaHo YnpaBnsTb MepeBO3kaMW 1 pacnpefensaTb Harpysky Ha TpaHCmopT M Ha  LOporu.
MpepoctaeneHne WHgopMauuu o goporax, obpaboTka 3asBOK M NpodYeit LOKyMEHTauuW, cornacoBaHue
PasNYHbIX BOMPOCOB B KpaTyalluMe CpOKM — BCE 3TO BO3MOXHO Npu paboTe €AuHOM KnacTepHOoM
WHGOPMaALUMOHHOA  cucTeMbl.  [locredHsiss, B CBOW  odvepedb, [OMKHA  BHeOPSATb  HOBEMLIME
TenekoMMmyHukauuoHHele  (VoD, IPTV u 1.4.) M uHpopmaumoHHble TexHonorun (CYB[L, aneKTpoHHbIA
[OKYMEHTO060pOT, Nporpammbl E-613Heca, anemeHTbl 3NeKTPOHHOrO ynpaBneHns v T.4.).

PaboTa 3konoroB M MeaukoB 4acTo TpebyeT MPUHATUS HEMEASEHHbIX PELLeHN 1 BbICTPOro B3auMOAENCTBIS,
TaK KaKk peyb MOET, B NEpByl o4vepedb, O 340POBbe HaceneHus. BHegpeHne COBPEMEHHbIX MeAMLIMHCKMX
TEXHONOMA ANArHOCTUKW U NeveHus (nepefada PEHTTEHOBCKMX CHUMKOB, SMEKTPOHHbIE MEANLMHCKUE KHIDKKM)
NO3BOMNT HE TOMbKO 3KOHOMWUTb BPEMS MEAMLMHCKUX PabOTHMKOB, HO W COXpaHsTb XM3HW niogei. PaboTa
9KOMOroB 4acTo CBsi3aHa C Bble3aamu Ha OObeKTbl, M ANA CBA3M UM Heobxoaum Komnnekc 6ecnpoBOAHbIX
TEXHOMOMI, NO3BONSAIOLLMIA 0BMEHMBATLCA MHADOPMALIMEN 1 NepeaaBaTh pesynbTaThl UCCNeaoBaHUi ¢ 0bbekTa
WK pe3ynbTaTbl MOHUTOPUHTA C AATYMKOB B KpaTHaMLLME CPOKM.

Knacrtepusauus BooGLue, 1 NS Tepputopui — 0COGEHHO, NPUBOANT K COLMAnn3aLmum AeACTBUA — NPUBIIEYEHMIO
HaceneHusi k npon3soacTBy (6opbGa ¢ Ge3paboTueil B paiioHe), YBEMMYEHMIO KONMMYECTBA Y4ACTHMKOB
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(NOBbILIEHWE YCTOMYMBOCTM NPOM3BOACTBA, PE3EPBUMPOBAHME), CO3AAHMIO OTKPLITOrO WHGOPMALMOHHOrO
obuiectBa. OCOBEHHO HYXHO OTMETUTb, YTO CO3AaHNE HEe OTPACNEBOro, a TePPUTOPUArIbHOrO Knactepa CTaHeT
OOHUM W3 YBEPEHHbIX LUArOB K MOArOTOBKE CaMOyNpaBfeHWs TEppuUTOpUM, [JeLeHTpanusauum BracTu.
lMoBbIlEeHME 3KOHOMMYECKWX MoKasaTernei CTaHOBWTCS CTUMYNOM AN MOMYyYeHWs COOTBETCTBYHOLLErO
NO3UTUBHOIO apchekTa OT BHEAPEHMS HOBbIX MHPOPMALMOHHBIX 1 OpraH13aLMOHHbIX TEXHOMOMMA.

K coxaneHuio, kak oTMevaetcst B [1], B cTpaHe HakonneHo BonbLIoe KonuM4ecTBo BesoTnaratenbHbix npobnem,
KOTOPbIE CYLLECTBEHHO CAEPKUBAOT Pa3BUTUE KNACTEPHbIX CTPYKTYP B YKpauHe. K BaXHENLLMM MOXHO OTHECTU:

- aucnponopuna B pasMmeleHnn npou3BOAUTENBHbLIX CWIT, TOPMOXEHUA CoLMarnbHO-3KOHOMUYECKOro
pas3BnTusd, MeaneHHoe oCyLeCTBNEeHNE PbIHOYHbIX npeBpameHMﬁ Ha MecCTax;,

- pacnblNeHHOCTb (hMHAHCOBBIX PECYPCOB, Cabble pesynbTaTbl MUHBECTULIMOHHOM AESATENBHOCTY;

- OTCYTCTBME NPOrHO3HbIX U NPOrpaMMHbIX AOKYMEHTOB Pa3BUTUA OTAENbHbIX PErMOHOB, TEPPUTOPUANBHBIX
eanHuL n 0Tpacne17| OKOHOMWMKM,

- HU3KaA MHBECTULIMOHHAA NPUBIIEKATENBHOCTb PETMOHOB;

- HegoCTaTOMHO — pasBuTas  WHPPACTPYKTypa  PErvMoHOB  Kak B MPOW3BOACTBEHHOW, TaK W
HEeNpoW3BOACTBEHHON chepax;

- pocT 6e3paboTuLbl, 0COBEHHO B AEMNPECCHBHBIX PanoHaX;

- Cepbe3HbIl7I ,El,e(*)VIU'VIT KBaJ'IVI(*)I/ILI,VIDOBaHHbIX KagpoB B obnactu pa3suTua NpeanpuHuMaTenbCTea.

2. CTpyKTYypa ceTn goctyna v TeneKoMMyHMKaLMOHHOW cdepbl (YH4aCTHUKU U CBSA3M)

B nepsylo odepedb, uccnedys KOMMYHWKALMOHHYIO NpeAMeTHyl obnactb, HeobXoaumo paccMoTpeTb
napameTpbl ceT abOHEHTCKOro AocTyna, YTO OHa CoboW MpefcTaBMnseT M KakoBa ee CTPYKTypa, W3 Kakux
9NEMEHTOB CKNagblBaeTCs W Kakoi WMEHHO sBNsieTcA 0Bbemniowwas (BHELWHss) cuctema. Ha pucyHke Huxe
nokasaHo MeCTO CeTW AO0CTyna B TENEeKOMMYHMKALWOHHOW cucteme [5], kak MoXem BWAETb, CeTb JocTyna
COCTOMUT M3 [BYX OCHOBHbIX YacTen: ceTn nepeHoca (Transfer Network) n aboHeHTckux nuHui (Loop Network).
JocTyn nonb3oBaTens, B CBOW o4epenb, TpakTyeTcs pekomeHpaumen MCO 1112 kak cpencTsa, ¢ MOMOLLBH
KOTOpbIX  MOMb30BaTeNb COEAMHAETCH C  CeTbto, YTODbl MOMb3oBaTLCH  ycryramu UMMM TEXHUKO-
9KCMITyaTaLMOHHBLIMU BO3MOXHOCTAMM 3TOW CETU.

obopyaoBaHHe cpeacTBa A0CTYIA
N01bL30BAaTeId ceTh JOCTYNA TPAH3HTHASA CeThb K YCJIyraMm

Customer
Pramises
Equipment

Access Network Transit Network Service Nodes

a0oOHEeHTCKHE
JIHHHH CETh IEPEHoCca
{Loop Network) ; {Transfer Netwark)

e

Puc.1 CTpykTypa TenekoMMyHUKaLMOHHON CUCTEMBI

CoBOKynHOCTb abOHEHTCKMX NuHMIA (AJl) - ANs CYLIECTBYIOLLEN CUCTEMbI SNEKTPOCBA3N - NpeacTaBnsieT coboi
ceTb aboHeHTckoro goctyna. Mo aton npuumnHe dyHkummn AJl n ceT aboOHEHTCKOro 4oCTyna coBnagatoT. GyHKLMM
AJl B cywwecTBytoLLE TENEKOMMYHWUKALMOHHOM CUCTEME 3aKMIOYaKOTCS B PELLEHUN TPEX OCHOBHbIX 3afaHui:
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- obecneveHne ABYCTOPOHHEro nepeHoca COO6LIJ,€HI/II7I Ha y4yacTke mMexndy TepMuHanom nonb3oBatens u
abOHEHTCKMM KOMNMEKTOM MECTHOM CTaHuun;

- 00MeH curHanbHon MHdopMaLmei, HeobXoaUMOiA ANs YCTAHOBINEHNS U Pa3beaMHEHNS COEANHEHMUI;

- noadepkka 3afaHHbIX nokasaTenemn kayecTsa nepeaadn MHopMaLmmn U HagexHOCTU CBA3N TepMuHana ¢
MECTHOW CTaHLMeN.

Henb3s He yuuTbiBaTb YENOBEYECKMA (PaKTOP MpU PacCMOTPEHMM CEeTM AO0CTyna, MOTOMY 4TO Heobxoanmo
pacnpefenstb NpUOpuTETHl AN MONb30BaTeneir B 3aBACKMOCTM OT UX ponu B 0OLEn CTpyKType
WHCOPMALMOHHON ~ CUCTEMbI M kmacTepa B Lenom.  MopenbHoe — npefcTaBneHne  CTPYKTYpbl
TENEKOMMYHUKALMOHHOTO pbiHKA WM OnpedeneHHas Mofenb CTPYKTYpbl TENEKOMMYHWUKALWMOHHOM OTpacmu
Obina paspaboTaHa B pamkax paboTbl Hag BbIOOPOM NapameTpoOB ANst ONUCAHUs CETU JocTyna. B aTy cTpykTypy
BXOAST pasHble NoNb30BaTENH, ONepaTopbl, UCTOYHWKM MHAOPMaLMN 1 TaK Janee.

MpeanoxeHHas Moaenb B3aUMOAECTBMS 0TOOpaXaeT OCHOBHblE CTOPOHbI paboTbl OTpacnu. Tpu OCHOBHbIX
y4acTHuka:
- abOHEHTbI, 3aMHTEPECOBaHHbIE B YCNyrax arekTpoCBsan onepaTopos;
- OnepaTopbl, MPOEKTUPYIOLLME CeTH CBSA3N Ha Hase 0OopyaoBaHUS NPOU3BOAUTENEN;
- npou3Bogutenu 000pyaoBaHMs, paspabaThiBalolMe TEeXHUYEeCKMe CpeacTBa, KOTOPble OTBEYAKT
TpeboBaHMsIM onepaTtopa W NoTeHUManbHbIX abOHEHTOB.

HeoGxoaumbIM KOMMOHEHTOM KnacTepa BbICTYNaeT MyHULUMNanUTeT, KOTOPbI UrpaeT BaXHYH posib B PasBUTMK
0Tpacnn Ha TeppuTopUanbHO-aAMUHUCTPATUBHOM YPOBHE W BNWSIET Ha pa3paboTky HOPMaTMBHO NPaBOBOM
©as3bl, HENOCPECTBEHHO PEryNMPYIoLLEN Pa3BUTUE MHAPACTPYKTYPbI perioHa.

Hacrosias mofenb No3BONSIET OXBATUTb HE TOMBKO TEXHUYECKYK) CTOPOHY, HO M NOKa3aTb HACKOMbKO aKTUBHO
OHa B3auMofeNncTByeT C cepoit (hMHAHCOB, OpUCTIPYOEHUMER, CcoUManbHoi Ccepon U MeCTHON
agMuHucTpaumein. B paspaboTaHHoM mogenu  Lenecoobpa3HO  BblAENUTb  YeTbipe  OCHOBHbIX  TWNA
B3aMMOZENCTBMS M aKTUBHBIX NpeacTaBnUTenei:

- 00MeH nHdopmaumen (cnyxebHas HGOpMaLWs, OTYETHI, HOBOCTH, Kanobbl U NPEANOXEHUs 1 Ap.);

npegocTasnexne obopyaoBaHus (apeHaa, Npoaaxa, PEMOHT, 06MeH 3a rapaHTuen u ap.);

HOPMaTVBHO NPaBOBOE B3aMMOAEICTBIE (pa3paboTka 3akoHoAaTENbHbIX aKTOB, WTpadbl U Ap.);
- COLManbHO-3KOHOMUYECKOE B3aMMOAENCTBME (OnnaTa NpefoCTaBMeHHbIX Ycnyr, obopyaoBaHWs U
NHchopmaLmu, paspaboTka 1 MHAHCUPOBaHE COLMAbHBIX MPOEKTOB, HAMOTM M apeHaHas nnata v ap)

B noaTeepxaeHWe akTyanbHOCTM MpobneMbl OLEHMBAHUS CETel [0CTyna MOXHO OTMETUTb paboTy Ha
HaLMOHaNbHOM YPOBHE B CrEdylLEeM pakypce: KpoMe BHEAPEHUS HOBbIX YCRyr nansi MOGWUMbHOWM W
CTALMOHAPHON CBSA3M, MpOBOASTCS paboTbl MO CO3AAHMIO HOBOM CUCTEMbI MokasaTerneil pasBUTUS pPbiHKa
TENEeKOMMYHUKaLMIA 1 [1eNCTBEHHOTO KOHTPOIS 32 YPOBHEM KOHKYPEHLIMM, B TOM YuCTE:

- KOJTMYECTBEHHbIX XapakKTepUCTUK pas3BUTNA OTAENbHBIX CEKTOPOB TeJ'IeKOMMyHMKaLl'MIZ;

rnokasaTenen ypoBHsi 06ecrneyeHist Nonb3oBaTenei TeNekoMMyHUKALMOHHBIMI YCryramu;
- XapaKTepUCTUK Ka4ecTBa TENEeKOMMYHUKALMOHHBIX YCAYT;
- nokasatenen adeKTUBHOCTY (hyHKLMOHMPOBAHNS KOMMEHCALMOHHOMO MEXaHN3Ma;
- cobritoieHme onepaTopamu v npoBanaepamn INLEH3MOHHbIX TpeboBaHMIA.
LlenecoobpasHo 0TMETUTL paBoTbl MO NOBbLILIEHMIO KAYECTBA OBCNYXMBAHNS U YPOBHS NPeAOCTABNSAEMbIX YCIIyT:
- OnpefeneHne NepeyHs U HopMUpoBaHie 060BLLEHHbIX NoKasaTenen kauecTsa yCnyr;

- auddhepeHLmMaLms ypoBHS kayecTBa yCryr Ans YCTaHOBNEHNS LEHbI Ha HUX;
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- YCOBEpLIEHCTBOBAaHNE MeXaHn3ma HOpMUPOBaHNA, obecneyeHns n KOHTPONA KayecCTBa yCcnyr CBA3N.

XoTs No MHepLMM YenoBeYecTBO BCE eLLe MPOAOIKaeT MOACYUTHIBATL COCTABHbIE OCHOBbI TPAAMLIMOHHOIO
BoratcTBa B TOHHAX, MeTpax, [eKanuTpax BblpabOTAHHOM NPOAYKUMM, CTAHOBUTCS OYEBMAHBIM, YTO
9KOHOMMYECKasi MOLLb rocyaapcTBa ONPeAenseTcs yxe Aaneko He 3TUMU nokasaTensmu. bbicTpoe passuThe
TENEeKOMMYHUKALMOHHON OTpacnM B Halle Bpemsi OOYCMOBMEHO BO3HMKHOBEHMEM CErMeHTa HOBEWLUMX
BbICOKOTEXHOMOMYHBIX YCIYr - NepeAadu JaHHble, COTOBOIA CBSA3M W YCIyr MO NpeaoCcTaBneHnio A0CTyNy B CeTb
WHTEpHET, MyNbTUMEANUAHbBIE U HOBbIE MHTEPAKTUBHbIE YCIYTHA.

MpennoXeHHbI KNacTepHbIA MOAX0A NO3BOMSET KOHTPONMPOBATb pasBUTE WHAPACTPYKTYPbl paioHa,
copeiicTBoBaTb 3TOMY pasBUTUIO M Gonee 3(PdEKTMBHO HanpaBnsTb M MUCMONb30BATh KanuTan, Kak
OTEYECTBEHHbIX, TaK M 3arpaHuuHbIX MHBECTOpOB. PaspabaTbiBaemblii Habop NapamMeTpoB HeobXxoaum anst
onpeaeneHns LenecoobpasHOCTI KanuTanoBOXEHUIA B Ty UMM UHYKO TEXHOMNOMIO NpU [aHHbIX YCIOBUSX, ANS
MOMOLLM NPU aHanu3e kaYecTsa CYLLECTBYHOLLMX NOAKMIOYEHMIA K OnepaTopam 1 NpeaocTaBnseMbIM yCnyram.

Heckonbko croB Heobxoaumo ckasaTb O CMbICMe BbIAENEHNST MHOXECTB TpeboBaHWA M CBOWCTB B [LaHHOM
3agaye. [Ang nonyyeHns oueHkn cyObekT dopmupyeT TpebosaHus k 0ObekTy, onucbiBas Gonee nogpobHO
(chopmanuays) noctaeneHHble nepen cobom uenn. BektopHas mogernb, onucaHHas B pabote [4], koTopas
NCnonb3yeTcs Ans MOCTPOEHWSI arperMpoBaHHON OLEHKW, SBNSETCS CyObekT- u 0ObeKT-OpUEHTUPOBAHHOM
OLHOBPEMEHHO, TO eCTb MpearnonaraeT Hannuine cybbekTa OLeHWBaHWA C ero Habopom TpeboBaHuit Ans
BbINONMHEHUs Lenn(-en) n Hannume obbektTa ¢ HabopoM CBOWCTB, COOTBETCTBYIOLUMX MHOXECTBY TpeboBaHMI
cybbekta. Takum 0bpa3om, nepBooYepeHON CTaHOBUTCS 3ajaya OMMCAHWS OLEHOYHOM MOZenu, a UMEHHO
MHOXeCTB TpeOOBaHWA, CBOWCTB, WX CBSI3eW, MHOXECTB BECOBbIX KOS(UUMEHTOB B 3aBMCMMOCTU OT
MOCTaBMEHHbIX Lienen.

3. UHdopmaLMOHHanA cuctema TeppuTopranbHOro Knacrepa

Mog peanusaumein WHGOPMALMOHHOA CUCTEMbl KnacTepa noapasyMeBaeTcs Co3faHue  nporpamMHo-
annapatHOro Komnnekca Ans paboTbl pasBUTOA CUCTEMbI TENEKOMMYHUKALMA (MyNbTUCEPBUCHOM CETW) Ha
TEPPUTOPUN PalioHa, KOTOpas MakcuManbHo 6bl yaoBneTBOpsna noTpebHOCTY pasHbix aboHeHTOB. OTMEYEHHOe
obopygosaHne UC pacnonaraetcsi Ha Tepputopumn y3na npegoctasnenns yenyr (YY) nnn mectHoit CTaHumm
onepaTopa, a TakKe COAePXUT pacnpeaeneHHble TeppuToprnansHo 6asbl 4aHHbIX OTAEMNbHbIX NOAKNACTEPOB.

OpHoit M3 OCHOBHbIX 3adady npu npoekTupoBaHun MC knactepa siBnsieTcs BbIGOP ONTUMANbHOTO BapuaHTa
NOCTPOEHNSI CETW AOCTyNa [N OpraHM3auMM HagexHon M aMEKTUBHOM CBA3M MEXAy Y4aCTHUKAMM
TEeppUTOpUanbHOro knactepa. Meped Tem, kak NepexoauTb K OLEHKe BapuaHTOB MOCTPOEHMS CeTW, TO €CTb,
COOCTBEHHO N1 MOCTPOEHUSI OLEHOYHOW MOZenw, LienecoobpasHO paccMOTPeTb BHELWHWE CUCTEMbI C WX
3anpocamu (y4acTHUKW KnacTepa, BHELHWE TENEKOMMYHMKaLMK, CUCTEMA CBSA3EI KnacTepa C BHELUHUM MUPOM 1
T.0.), — 4T0ObI CCHhOPMMPOBATL ONpeaeneHHyto cucTemy TpeboBaHUI kK napaMeTpam CeTw.

B Hawem cnyyae, no cywectBy Aena, pevb WAET O paaukanbHOM W3MEHEHUM, CYLLECTBEHHOM
COBEPLLUEHCTBOBAHUIN AAHHON TENEKOMMYHWUKALMOHHON CUCTEMbI. PagukanbHbIM NOTOMY, YTO NpeanonaraeTcs
MOJBEPrHYTb M3MEHEHWIO BCE TPU (METOAONOMMYECKIX) KOMMOHEHTbI Pa3BUTUS paccMaTpuBaeMbix B padote [2],
OMNCHIBAIOLLME XapaKTep M3MEHEHUS: KOMUYECTBEHHbIE, KAYECTBEHHbIE M M3MEHEHWs OTHOLEHMS. [oBops O
MpoLecce pasBuUTUS B LIENOM, MOXHO BbIAENNTL PasnnyHble BULbI UBMEHEHWIA, KOTOPbIe PacCCMOTPEHbI B paboTe:
KONMYECTBEHHbIE M3MEHEHUs| pasmepa CeTH, TapUHbIX MNaHOB, KAYECTBEHHblE W3MEHEHUS B MOTOKaX
NHChOpMaLMK, M3MEHEHUS! OTHOLLEHMS MU CMEHe MPUOPUTETOB Mofb3oBaTeneit 1 np. CrieayeT 3amMeTUTb, YTO
N3MEHEHMSI MPOUCXOANT €ClM He OfHOBPEMEHHO, TO 3a OYeHb KOpOTKME NEepuoabl BPEMEHM, YTO YCIOKHSET
aHann3 B3aMMOCBSI31 U BIUSIHUS CBOVCTB (Kak BHYTPEHHUX hakTOpOB) Apyr Ha Apyra.
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B coctaBe nporpammHo-annapaTHoro Komnnekca Ans npefocTaBneHus MakcumanbHO NOMHoro Habopa ycnyr
Lenecoobpa3Ho MCnonb3oBaTb camoe pasHoobpasHoe obopynosaHue: aiinoBble cepsepsl, \Web-cepsepsl,
cepeepbl B[], cepeepbl NpuKNagHbIX Mporpamm, Cepeepbl ANS OTAENbHbIX YCAyr U T.A., a Takke
KOMMYTaLMOHHOe 0BopyaoBaHue (MyMbTUNNEKCOPbI, KOHLEHTPaTOpbl, Wio3bl, 6paHamayapel, MocTel, ATC,
koMMyTaTopkl, 6a30BbIe CTaHUMM GECNPOBOLHON CBSA3M 1 T.4.) N paboune CTaHLUM OnepaTopoB U COTPYOHWUKOB
y3na npepocTtaBneHus ycnyr. OnepaTopbl, OCHOBbIBAasSiCb Ha NpOrHo3ax, COOCTBEHHOM OMbITe K
ChOPMMPOBAHHOM CUTYaLMM Ha pbliHKE, ByayT BHEAPSATb YCNyrit, MOCTENEHHO HapalyvBas Npou3BOAMTENBHOCTb
obopyaoBaHus, Unn xe ycTaHaBnueas 6onee mMolyHoe 06opyaoBaHue ¢ U36bITOYHONM NPOM3BOAUTENBHOCTBIO C
pac4eToM Ha 6onbLLOe KONMYeCTBO NoTeHUManbHbIX aboHeHTOB 1 6onee pecypcoemkue yenyru (IPTV, Video-on-
demand u ap.). 310 CBA3aHO C POCTOM KOMNYECTBA Y4ACTHWUKOB KNacTepy CO BPEMEHEM, a Takke pOCTOM crpoca
Ha pasHble TENEeKOMMYHUKALWOHHbIe ycrnyru. BHegpeHne anbTepHaTWBHbIX BapuaHTOB 4OCTYNa OLHWM UM
HECKONMbKUMM onepaTopami Mo3BonsioT aboHeHTy caenatb Gonee noaxogslwmii BbIGOp B 3aBMCMMOCTU OT
CRoXuBLLENCH cuTyauun. HeobxoguMo Takke Y4ecCTb COLManbHYl0 3HAYMMOCTb OTAENbHbIX OOGBLEKTOB, Kak
HanpuMep, adMUHUCTPALMIA, NPaBOOXPAHUTENbHBIX OPraHOB U aBapUMHbIX CRYXO, SKOMOrMYEeCKUX OpraHu3aLuii
11 CEKTOPOB rPaaaHCKkon 06OPOHbI.

Cpeau nHdopmaLoHHbIX nonen nepauyHoi cTpykTypel B UC knactepa oTMeTuM creaytolume:

- HOMep aboHeHTa ABNsIETCS LWArom K I'IepCOHaJ'IbHOVI MoBUNBHOCTY, 6narouapﬂ €ANHCTBEHHOMY HOMepy
abOHEHT MMEET BO3MOXHOCTb CaM ynpaenAaTb HaGOpOM ycnyr n genatb onnaty oqHMM B3HOCOM;

- KapTa B3aWMOCBSi3eN NPEeLNpUSTUA BHYTPU KhacTepa WM Moaknactepa nos3sonut 6Gornee rmbko
pacnpefensTb Harpysky W MNaHWpoBaTb MH(OPMALMOHHbIE MOTOKM PasHbiX NMPEAnpUsTUiA (MmeeT
CMbICI NPUMEHSITb COBpeMeHHble MC-TexHonorum 51s NOCTPOEHUS TakuX KapT 1 paboT ¢ HUMK);

- MPUOPUTETHOCTb U CoLManbHas 3HaYMMOCTb abOHEHTa BMMSIET Ha CKOPOCTb ero 0BCMyXMBaHWS, a Takke
noseonsieT aboHeHTam W npegnpusTUsM Gonee YeCTHO KOHKypMpoBaTb, MPWUHUMATL y4yacTue B
COLManbHO 3HAYMMbIX MEPONPUSTUSIX W Tak anee paau NoBbILIEHWUS CKOPOCTM 0BMeHa MHdopmaLmen.

B cucteme nHdopmaumoHHoro obecneyermns knactepa, B npeanaraeMon MHhOpMaLMOHHON cucTeMe, Hapsay ¢
CODCTBEHHO OpraHu3aumein cBsau, HeobXxoanMo NPeayCMOTPETb BHEOPEHME COBPEMEHHBIX CUCTEM y4yeTa W
BOKymMeHToO6OpOTa, cucTEM ynpaBneHnst 6asamu  [aHHbIX M MPOYMX  COCTaBMSIOLWMX  COBPEMEHHOrO
9MEKTPOHHOTO Ochnca. 3HAUNTENBHOTO BHUMaHWUS NOTpebyeT Bonpoc 6€30MacHOCTU MHGOPMALMK KaK fIMYHON
(0TAENbHOro y4YacTHUKa Knactepa), Tak 1 00LLeA0CTYNHOM.

MpaKTnyecky Bce (hyHKLMOHAMBHBIE U CTPYKTYPHbIE W3MEHEHWS CeTel JOCTyrna, NOsIBNEHWNE HOBbIX YCRyr U
TEXHONOMMI UX NPeaoCTaBNEHIUs CBA3aHbl C U3MEHeHWeM TpeboBaHui, NpeabsaBNsEMbIX CO CTOPOHbI abOHEHTa K
NpeaocTaBnsemMbIM YCryram W K TepMUHanam, KOTOpbIMI OHM nonb3yloTcs. 3pech GyayT MMeTb MeCTO Kak
KONN4YECTBEHHbIE, TaK W Ka4eCTBEHHbIE M3MEHEHUS HE TONbKO CeTU A0CTYNa, HO U Chepbl B LieNOM.

Bce 9TM 0COGEHHOCTM AOMKHBI HAWTWM OTpaXeHWe kak npu opmupoBaHun WC knactepa, Tak U npu
COBEpLUEHCTBOBaHUN CUCTEMbI aDOHEHTCKOrO JOCTYNa K Hel. JTO 03HAYAET YTOUHEHWE U AOMONHEHUE CUCTEMbI
TpeboBaHuWi, C OAHOM CTOPOHbI, 1 KOPPEKTUPOBKY Habopa napamMeTpoB CETU JOCTYNa, C APYro.

[Ona peweHus nOCTaBMEHHbIX MOA3aday ONTUMAnbHbIM SBMSETCA NPUMEHEHWe  LieneopyeHTMPOBaHHOM
BEKTOPHOW MOAENM MOCTPOEHUSI arpervpoBaHHbIX OLEHOK. Kak W3BECTHO, OLIEHKM NMPUMEHAKTCS HE TONMbKO B
TEXHUKE, BOEHHOM [ene ¥ SKOHOMMWKE, HO M B COLMamnbHO 3KOMOTMYECKMX B3aUMOAENCTBUSAX, COLManbHbIX
nccnenoBaHusx W Tak panee. peanoxeHHas MOAEMNb BbICTYNAET MHCTPYMEHTOM AN XapaKTepUCTUKM
arperMpoBaHHOrO COCTOSHWS OOBEKTOB, OMMCHIBAEMbIX B HOpMe HabopoM mnokanbHbiX napameTtpoB. CeTb
abOHeHTCKOro AocTyna sBnsieT cob0M CNOXHLIA OOBEKT, MOTOMY YTO UMEET 3HaYWUTeNbHO Gonblue, yem 7+2
KONMNYECTBEHHBIX UM KAYECTBEHHBIX CBOACTB. OLEHKA CNOXHOTO 0ObeKkTa - 3TO0 HaXOXAeHWe (MOCTPOeHue)
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06006LLEHHOTO KONMMYECTBEHHOTO NOKa3aTeNs, KOTOPbIi XapaKTepu3yeT aHanM3upyemblii 0GbEKT Ha OCHOBaHMU
ero CBOICTB. Knaccudukaums - 370 OTHECEHMe aHanuaupyeMoro 06bekTa K OAHOMY U3 KIacCoB B COOTBETCTBMU
C €ro CBOWCTBAMM, CTPYKTYpOM, (DyHKUMAMM. KONMWYEeCTBEHHbI MoKasaTenb  XapakTepusyeT —Mepy
NpuUHAZNEXHOCTV 06beKTa Kk onpefeneHHoOMY Kraccy.

4. AHanu3 Tpe6oBaHUN YHAaCTHMKOB TeNeKOMMYHMKaLMOHHON OTpacnu

Heobxognmo Takke npoaHanuanpoBaTb BrusHME npobrnem B cdepe TeNekOMMyHUKAaUMA Ha pasBuThe
TpeboBaHW 1 BbINONHEHWE 3TWX TpeboBaHMii BCeMW yyacTHUKamm cdepbl. OCHOBHbIE TpeboBaHMS K ycryram
CBSA3U (DOPMUPYHOT B UTOre abOHEHTLI. Kpome Toro, Kax/abli U3 Hac B MOMTHOW Mepe SIBNSETCA abOHEHTOM C
HabopoM npegocTaBnsembix Ham ycnyr. MoaTtomy Bonpoc TpeboBaHW BnM30K BCEM yYaCTHUKaM pbiHKa, HO Y
onepaTopoB CBOW MPEACTaBIEHNS O TOM, KOTOpOWA fomkHa ObiTb ceTb goctyna. lMpuBedem Ans npumepa
HeKoTopble 13 TpeboBaHwil:

ABoHEHMOo8: yBenMYeHe NPOMYCKHOM CMOCOBHOCTH, CBSI3aHHOE C NOTPEBHOCTAMU MYMbTUMEAUIAHBIX YCIyT;
COBMECTUMOCTb 060pYOBAHUSI U YCAYI; CHWXEHWe LEeH Ha WHGOpPMALMOHHbIE (TENEeKOMMYHWKALMOHHbIE)
YCRyrW; rapaHTMM U OTCYTCTBME MOHOMONM3MA B TapUHON MOMUTUKE; OTYETHOCTL OnepaTopa M 3aluTa
NH(hopMaLMK; paBHble NpaBa Ha JOCTYN K MHGhopMaLMK; MOBUIBHOCTb YCNYT; «YCRyrv Nog KNkouy (Bce ycryri ot
OAHOIO OMepaTopa); BO3MOXHOCTb MHTEPAKTUBHOCTU + caMooBCIyXMBaHUe; MakCcUMaribHOE MOKPbITUE W rbkue
TapudHble NnaHbl U T.0.

Onepamop: NomoLLb rocyfapcTBa/ knactepa B MOMyYeHWM NNULEH3NIA U OTCYTCTBME MOHOMONM3Ma Ha PbIHKE;
mbkasi cucTema HarorooBnoXeHus; COBMECTUMOCTb 06OpYAOBaHWUS M YCryr C HaLMOHambHbIMK CeTsMM;
MaKC/MarnbHOE KONMMYECTBO KIMEHTOB, YCIyT, MakcMarbHasi TEppUTOpHS 1 T.4.

MyHuyunanumem: kayecTBEHHOE BbIMONHEHWE 3aKa30B PabOTHWKAMM CBS3W; rMOKas cucTeMa CKUOOK U
TapUHbIX NNaHOB; COLMANbHAsA 3HAYMMOCTb NPOEKTUPYEMON CETH U T.[4.

Kpome Toro, cyulectsytoT 0606LieHHble TpeboBaHus K 060pya0BaHMIO, KaK MPaKTUYECKU B KXKOOW CuUCTEME,
OOMHAKOBbIE [N BCEX YYACTHWKOB Kak abOHEHTOB pasHbIX CETel AO0CTyna: HaAEXHOCTb, 3((EKTUBHOCTD;
rapaHTus; Ka4yecTBo; JOCTYMHOCTb MOZYJIEN CUCTEMbI (DEMOHT, MOLEPHU3ALMS); U Ap.

BesycnosHo, B npoLecc pas3suTus ycnyr, 06opyaoBaHNs BOBNEYEHbI He TONbkO abOHEHTbI. B 4acTHOCTH, MHOMO
naen OTHOCUTENBHO MEePCMEKTUBHBLIX TEXHOMOMA W ycnyr, 0ObI4HO POXAAIOTCS B HAY4HO-MCCES0BaTENbCKMX
ueHtpax. OgHako MMeHHO abOHEHTLI OnpesenskT CNpoc Ha Mpeanaraemble BO3MOXHOCTM, “ronocys” 3a HWX
CBOWMM JeHbramu. EctecTBeHHO, abOHeHTbl He cneuuduumpyloT cBou TpeboBaHWS K TakoMy YPOBHIO, KOrda
MOXHO CCOPMYNMPOBaTb TEXHWYECKOE 3adaHWe Ha pa3paboTky COOTBETCTBYHLIMX annapaTHO-MPOrpaMMHbIX
cpeacte. At TpeboBaHNs UM yoobHO NpeacTaBuTb B camom obLieM Buae: nepefava peun, 0OMeH JaHHbIMU,
BbIxoA B Internet n nogobHbIe yenyru.

5. Pe3ynbTaThl U NepcnekTUBLI UCCNefoBaHUN

Crnegylowumn Wwaramm B 3TWX WCCNeaoBaHuAX OyayT SBNATbCA 3afjaun: aHanu3 ucrnonb3oBaHus [UC-
TexHonorui npu cosganum MC knactepa; paboTa ¢ 3aBUCMMbIMY CBOMCTBA; aHamn13 W3MEeHEHMI CETU 1 np.

OnuncaHHble Bbiwe TpeboBaHNUS C NOMOLLBK pa3paboTaHHON TpaHcgopMaLMoHHON Tabnnusl npeobpasytoTes B
TpebOBaHNS K TEXHWYECKMM napameTpam abOHEHTCKUX NUHWA, 0BOpyAOBaHMKO CeTM JOCTyna, W couuanbHo-
9KOHOMWYECKMM napameTpam. Tabmuua Takke SBNSETCS MHCTPYMEHTOM AMs 9KCMEPTHbIX OLEHOK KavecTBa
obCnyxuBaHus abOHEHTOB M MO3BONSIET OLEHWTL 3aniaHNpOBaHHbIE MPOEKTbI U BbIAENUTL MECTa, KOTOPbIM
CTOWUT yAenuTb BHUMaHMe. TpaHcopmaLnoHHas Tabnnua SBSeTCS MCXOAHbIM MaTepuanoM Ans NocTpoeHMs
NPOrpamMMHON peanuaaLyi CUCTEMbI OLEHMBaHWS NapaMeTpoB CETU AOCTYNa.
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AHanuaupys NocTpoeHHyto Tabnuiy, oBHapyXMBaeM, YTO HEKOTOpble TPEBOBAHWUS OCTAKTCA BaKaHTHBIMMU, TO
€CTb TakMMW, KOTOPble HE UMET COOTBETCTBYIOLLEro UM napameTpa. CknaablBaeTcs Takke apyras cuTyauus,
Korfa Ha YAOBNETBOPeHWe TPeGOBaHUS BNUSIET W3MEHEHWe NULb OfHOTO MMM HECKOMbKMX MapameTpoB.
MepeuncrieHHble BapuaHTbl CBUAETENbCTBYKT O TOM, YTO HAbop TEXHMKO-9KOHOMUYECKMX NapaMeTpoB
HELOCTaTOYHO MOMOH, W HyXHbl AOMONHWTENbHbIE WMCCREefoBaHUS Ans pOpMMpOBaHMS Gonee MONMHOTO
MHOXECTBa CBOWCTB CETM B COOTBETCTBMM C MHOXECTBOM TpebGoBaHMiA. B 3Tom cnyyae nposersercs
onpefenieHHoe  MPeUMyLLecTBO  NPeAnaraemMoro  NoaxoAa,  NOCKONbKy — MOSIBASETCS  BO3MOXHOCTb
LierieHanpaBneHHoro hopMMPOBaHINS MHOXECTBA CBOMCTB. OHO pacLUMPSIETCS TakMU CBOMCTBaMM, KOTOPbIe
MOryT GbITb MOCTABNEHbI B COOTBETCTBUE KOHKPETHbIM TpeboBaHusM. C [pyroit CTOPOHBI, aHamnn3 COOTBETCTBUS
napameTpoB TpeGOBaHMSIM NOKa3bIBAET, YTO M3MEHEHWE HEKOTOPLIX MapameTpoB Cnabo BMMSIET Ha YpOBEHb
kayecTBa 0BCnyXmBaHus. TakuM 06pasoM, ECTb BO3MOXHOCTb YMEHbLUNTL YUCIO NapamMeTpoB.

PesynbTatamMi OLEHWBAHUS MOTYT SIBMSTbCS: PEKOMEHZaLMu No pasBUTMIO CETW [OCTYMa, arpepupoBaHHble
OLIEHKM Habopa napameTpoB CETH, MHOXECTBO HEMOKPbITHIX CBOMCTBaMI TPEBOBaHMI, MHOXECTBO HEMOKPLITBIX
TpeGoBaHMSAMM CBOICTB, MHOXECTBO TPeGOBaHMIA 1 CBOWCTB, TpebyroLmx pekoHdurypaumm u 1.4 Heobxoaumo
OTMETUTb, YTO NOBON U3 3TUX BapWUaHTOB MPUBOAMT K [amnbHENLIEMY Pa3BUTUIO CETWU JOCTYNa Kak CrOXHOM
cucTembl. C 3TOM LieMnblo crieayeT paccMOTPETb U3MEHEHWUs BCEX TPEX KOMMOHEHT pasBUTUS OAHOBPEMEHHO.
AHann3 nomobHoro poja M3MeHeHW npeacTaBnsieT coboit COXHYI 3adadvy BbISBEHUS B3aUMOBMUSIHUS B
cucTeme opraHusaumm goctyna k IC TepputopuanbHoro knactepa.

BnaropgapHocTu

Cratbst yacTMyHO (puHaHcupoBaHHa U3 npoekta ITHEA XXI WHctutyta MHOPMALMOHHBIX Teopun W
Mpunoxenuit FOI ITHEA un KoHcopunyma FOI Bulgaria (www.ithea.org, www.foibg.com).
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Abstract: This paper presents the application of a systematic review protocol for Software Engineering. This
protocol is used as a formal model by applying systematic review of outsourcing contracts. The objective is to
search for papers related to outsourcing contracts in the software acquisition process. Furthermore, the
systematic review is focused in order to identify initiatives and reports of outsourcing contract proposals for the
Software acquisition. Results obtained show that most of the studies that tried to define a model for outsourcing
did not exactly develop a fixed model to be used in the IT area and that there is a need for more in-depth studies.
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1. Introduction

In the past few years outsourcing has gained a lot of importance in the market and, for example, the IT services
outsourcing market is still growing every year [6, 7]. Outsourcing as a concept gained common acceptance in the
1980s and is still used today to describe “a contractual relationship with a specialized outside service provider for
work traditionally done in-house” [1].

Trend analysts such as Morgan & Chambers [2] and IDC [3] predict annual growth figures of approximately 10%.
The Gartner Group [4] has estimated that the worldwide IT outsourcing market will grow €162,1 billion in 2008.
Forrester [4] forecasts that European enterprises will spend over €128 billion on computer outsourcing in 2008.
This growth has also been emerged in China [4, 5]. According to international analysis, China's IT outsourcing
services market size reached €0,28 billion in 2005, increasing about 16% over the previous year. Finally this
analysis predicts that the total IT outsourcing services market will reach €0,68 billion by 2009.

According to a recent study [8], 20 to 25 percent of large information technology (IT) acquisition projects fail within
two years and 50 percent fail within five years. Mismanagement, the inability to articulate customer needs, poor
requirements definition, inadequate supplier selection and contracting processes, insufficient technology selection
procedures, and uncontrolled requirements changes are factors that contribute to project failure. Responsibility is
shared by both the supplier and the acquirer.

The majority of project failures could be avoided if the acquirer learns how to properly prepare for, engage with,
and manage suppliers [8]. The case of Southern Pacific Transportation Co. described by [9] is an example. After
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negotiating a deal with Integrated Systems Solutions Corp. for all of its IT functions, including service, the
outsourcer came perilously close to derailment after portions of the contract were not met.

Between the works that deal specifically with Outsourcing Contracts, it is possible to mention the works of [2, 3,
10, 11]. The work of [10], relied on transaction cost theory to develop a series of propositions on the relationship
between the characteristics of the transaction - asset specificity, number of suppliers, measurement problems,
uncertainty, and permanent character of the contract - and the level of contract completeness, using a survey of
200 firms to test the propositions. Using an approach that includes desk research involving six European IT
outsourcing companies, including one that was worldwide in scope, the work of [11] presented a series of
propositions related to the management of IT outsourcing contracts.

A really important study was conducted by [2], which presented a practical and systematic overview of some key
IT outsourcing contractual issues, exploring and highlighting management implications where appropriate. Issues
such as service level transfer of assets, staffing, pricing and payment, warranty and liability, dispute resolution
mechanism, termination, intellectual property matters, and information security were discussed. Practical advice
on pre-contractual negotiation and post contractual management was also given.

This work shows the results of a systematic review of outsourcing contracts in the areas of information technology
and information systems.

2. Systematic Review of Outsourcing Contracts

Before the twentieth century there were not approaches to integrate research results. In 1904, Pearson calculated
the average of results of correlation between the typhoid fever inoculation and mortality. Then systematic review
began to formalize and at the end of the 80's systematic review achieves legitimacy as a field of research
[10,12].

The writer of a systematic review uses an explicit and rigorous method to identify, critically appraise, and then
synthesize relevant studies in the published research, using quantitative methods to assess research from
different studies [13]. Benefits of the systematic review include: 1) Reduce the amount of literature the researcher
must read, 2) Assess consistency across studies, 3) Widen the generalizability of individual studies across
participants and settings.

The search for issues related to outsourcing contracts was based on the work of [12] that proposed a protocol for
systematic review, on the guidelines proposed by [14] and on the forms of extracting information from software
engineering papers, developed by [15] and other similar systematic reviews.

The systematic review developed during this work followed the protocol established by [12]. Defined assessment

objectives, reference sources, both exclusion and inclusion criteria to be applied in the study, data extraction
method, data analysis of primary studies are some of the topics contained in this protocol.

3. Prototype Development

Next, the prototype development used during the systematic review in Outsourcing Contract is presented.

3.1 Question Formulation, Focus and Quality and Amplitude

This section aims at defining the syntax of the research question (the context in which the review is applied and
the question the study must answer) and its semantics specificity (or question range) described by the remaining
items of this section — intervention, control, effect, outcome measure, population and application [12]. Next, each
of them is described for Outsourcing Contracts.
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Problem: Outsourcing has gained a lot of importance in the market during the past few years. The
implementation of a good contract is really important for a successful outsourcing, but until now a well-
defined model to create an outsourcing contract is not defined.

Question: Which are the initiatives or proposals developed for the Outsourcing Contracts?
Intervention: The actual development of the outsourcing contracts.

Effect: Initiatives and proposals related to the Outsourcing Contracts.

Outcome Measure: Number of identified proposals.

Population: Publications related to Outsourcing Contracts.

Application: Any company that has a client-vendor/buyer-seller relationship. Researchers working at
Outsourcing Contracts.

Experimental Design: None experimental design will be performed.

3.2 Sources Selection

The objective of this section is to select the sources where searches for primary studies will be executed [12].
To perform the selection the author of the systematic review protocol proposes to address the following issues:

3.2.1 Sources Selection Criteria Definition and Study Languages

Use search mechanisms with keywords and sites suggested by experts.
Papers recommended by other experts.

Papers available on the website.

English.

3.2.2 Sources Identification

Sources search methods: The identification of sources has been based on the criterion of experts in our
research area. This source include journals as: European Journal of Operational Research, Information
and Software Technology, Software: Practice and Experience, Software Process: Improvement and
Practice, |IEEE Software, Software Technology and Engineering Practice, Computer and research
workshops and technical reports of Software Engineering Institute — SEI, among others.

Search string: Keywords from the word set defined in the question formulation were extracted.
Combining these keywords with the logical operators “AND” and “OR”, two search strings were obtained
(see Table 1). Also analyzing the references of the first papers found, a third search string was found.
These search strings have been adapted for each web browser of the sources.

Source list: These sources have been selected taking into consideration the sources search method
defined. In Table 2 the source list is presented.

Table 1 - Search strings Table 2: Sources List
Search Strings # Source
1 outsourcing and contract and (clauses or structures or Science@Direct

characteristics)

Springer Link

outsourcing and contract

Computer Database — GALE

(outsourcing or buyer-seller or client-vendor) and
(relationship or partnership)

ISI Web of Knowledge
IEEE Computer Science Digital Library

|l BlWIN|

ACM Digital Library
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3.2.3 Sources Selection after Evaluation

It was evaluated if sources fit all defined criteria. After applying the search string to all sources, it was found that
some items were common in some sources. Most of the papers were at IEEE Computer Science Digital Library
and some of these papers were found also at Science@Direct, Springer Link and principally at ACM Digital
Library. Repetitions were also found between Science@Direct, Springer Link and ISI Web of Knowledge.

3.3 Studies Selection

In this systematic review an iterative and incremental procedure is used for studies selection: a) Iterative, to group
all activities that could be repeated during the procedure, and b) Incremental, because the studies are
approached and recorded one by one until achieving the systematic review results [16]. This iterative and
incremental procedure is used due to its functionality in other systematic reviews. Once the sources are defined,
it is necessary to describe the process and the criteria for studies selection and evaluation, which will be
explained during this section.

3.3.1 Studies Definition
This item defines the way how studies were selected [12].

« Studies Inclusion and Exclusion Criteria Definition: It presents criteria by which studies will be evaluated
to decide if they must be selected or not in the context of the systematic review [12]. Table 3 shows the
studies Inclusion (IC) and Exclusion Criteria (EC).

Table 3: Studies Inclusion (IC) and Exclusion (EC) Criteria

# Criteria

IC1 Include papers whose title is related to Outsourcing Contract

IC2 Include papers that contain keywords that match with those defined in the search string
IC3 Include papers whose abstract is related to the topic considered

IC4 Include papers after partial or total reading

EC1 Exclude those papers that do not match with the previous inclusion criteria
EC2 Exclude all duplicated papers (those selected in various search engines)

e Studies Types Definition: Initially all studies related to outsourcing contract will be taken into account.
However, the greatest interest will focus on studies that show results on how to define a model or how to
structure the clauses or characteristics of outsourcing contracts.

e Procedures for studies selection: With the regard to the selection criteria, the title was initially the main
criterion; nevertheless, in some cases, it did not provide enough information, thereby reading the
summary of each of them was necessary and in some cases a review of the full text was required. The
flow diagram of Figure 1 illustrates this procedure.

The flow diagram shows the performed process to select primary studies and to apply defined criteria in the
previous section. This diagram shows in dotted lines the activities blocks for primary studies selection and
information extraction. Information extraction will be presented later.

Before executing the systematic review, it is necessary to evaluate the planned review. If the obtained results are
not suitable, the protocol must be reviewed and a new version must be created. After evaluating this planning,
systematic review execution can be started [12].
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Figure 1 - Flow Diagram of the systematic review

3.3.2 Selection Execution

Next, the register of the primary studies selection process, the obtained report studies and the results of their
evaluation are presented [12].

¢ |Initial Studies Selection: At first a search execution was conducted to verify the parameters used by
each engine and adapt the search string to them. Table 4 shows in the column “Found” the obtained
values.

e Studies Quality Evaluation: To determine the quality of the study, the author of this paper, applying IC
and ED, obtained the relevant and primary studies (see Table 4). Relevant are the studies that contain 4
of the selection criteria and primary studies are the ones that contain all the selection criteria. Table 4
shows the distribution of found studies in each of the sources search, using established search strings
and applying the defined inclusion and exclusion criteria through this systematic review protocol

development.
Table 4: Results derived from each source search

Source Search Date Found Repeated Relevant Primary %
Science@Direct 9-12-15/12/2008 1M1 3 5 2 6.5
Springer Link 9-12-15/12/2008 159 0 6 6 194
Computer Database GALE 9-12-15/12/2008 70 1 5 5 12.9
ISI Web of Knowledge 9-12-15/12/2008 166 3 4 3 9.7
IEEE Explore 9-12-15/12/2008 218 9 14 14 45.2

ACM Portal 9-12-15/12/2008 126 8 10 2 6.5
TOTAL: 850 24 44 32 100

3.4 Information Extraction

This section begins once primary studies are selected. Then, in this section, extraction criteria and result are
described.

Table 5: Information inclusion and exclusion criteria

# Criteria

IC1inf Collect information about the organization’s trend related to outsourcing contract.

IC2inf Classify processes followed by companies for outsourcing contract.

IC3inf Identify proposed methodologies, methods and procedures in studies for Outsourcing Contract Development

and/or Management.

EC1inf Exclude the information that is not related to the inclusion criteria defined above.
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3.4.1 Data Extraction Forms

To analyze the information from the selected studies, first they were divided in folders each of them related to the
search source where they were found. The selected studies then where put together in a final folder to eliminate
the repetition. The relevant information of each study was highlighted and then extracted to a separated file,
containing the name of the study and all related useful information.

3.4.2 Extraction Execution

e Objective Results Extraction: A complete and detailed reading from these studies allowed us to organize
and classify them for a later analysis. With an unbiased evaluation of the information, identified and
classified studies record were generated in a structured table containing the following rows Consecutive
Study (sequential paper number), Study Methodology (remarks of main ideas concerned with the
methodology), and Study Outcome (data and information of the conclusions presented in each study).

e Subjective Results Extraction: The following rows where added to the previous table: Data about Authors
(full names and available contact information in the studies), Additional Notes (a specific field to store
general information related to the subject covered in the study).

Following this methodology, the information extracted was organized following the fields: number consecutive,
paper title, journal/conference, authors, topic, type of study, date, country, goals(analyze, for the purpose of, with
respect to, from the point of view of), method (name, type, possible values, data collection procedure),
implementation (company, category, size), results of study and other issues.

4. Results Summary

Now, with the information extracted from the primary studies on hand, it is necessary to do some analysis of
them. In this section, these informations were analyzed and provided useful information as it will be shown.

4.1 Studies Trends

The first analysis done was related to organization’s trends respect to outsourcing contract, where any study
referring to outsourcing contract development and/or management were classified. Figure 2 shows the graph

related to this analysis.

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Studies
(=N Now A o o ~ ©®

Year

Figure 2 - Studies trends

Taking a look at this graph, it is not possible to see a specific and defined trend during the years from where the
primary studies were selected. The graphs do not follow a linear trend which could mean an increasing or
decreasing interest to the topic. In the year of 2007 is possible to see that the number of studies was really high
but then in 2008, this number decreases again.
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4.2 Studies Classification and Classification of studies by country

The primary studies were selected following the methodology defined during the protocol definition and they could
be classified in some areas of interest. The classification showed 6 different areas: 1) Related to Information
Technology, 2) Related to Information Systems, 3) Related to Marketing, 4) Related to Enterprise Resource
Planning, 5) Related to Network Security and, 6) Related to Transports.

The explanation for the inclusion of 2 areas (Marketing and Transports) is that the studies showed an interesting
discussing of how to develop (definition of structure and characteristics) and maintain a contract during the buyer-
seller relationship. Figure 3 shows this classification:

Figure 3 shows that 69% of the studies were related to Information Technology and 16% to Information Systems.
The combination of both (85%) showed that the systematic review was well conducted since most of the studies
were related to the area that we are looking for. It is also important to look at the 6% related to Marketing (3%)
and Transports (3%) which does not have a strong influence in the final classification but shows interest results
for the study of outsourcing contracts.

A study showing the source origin of the papers was done which shows that searches related to Outsourcing
Contracts are largely been conducted in USA, with 49%. The second country is China with 13% which could be
related to the economical development by which this country is passing through. However, 20% of studies do not
show the source and the others are divided by Germany, Ireland, Finland, Netherlands and Brazil. Figure 4
shows these results.

20%

+,6%3% 3% O Information Technology % i
3% @ Information Systems 3?% 49% E gﬁf\many E I(rzglgr?d
16% 0 Marketing ) @ Netherlands @ Finland
0O Enterprise Resource Planning (ERP) 33%7 o0 Brazil o Not Defined
O Netw ork Security 8o
69% | m Transports 7 13%
Figure 3 - Studies Classification Figure 4 - Studies classification by country

4.3 Classification of studies by size of companies and Classification of studies by model

The large amount (80%) of the studies did not mention the company where the study was carried on, as shown in
Figure 5. However, the other 20% of the studies that presented this information were related to large companies.

Most of the studies (40%) did not indicate the model followed during the research, where sometimes it is
acceptable since the study do not need to show it or due to lack of information by the authors. The most used
model was the Transaction Cost with 13%, followed by the Relational Contract or Exchange Theory (10%) and by
the Incomplete Contract Theory, Principal Agent Theory and Workflow Modeling, all the three with 6%. All these
information can be seen on Figure 6.

13%
’ o Transactional Cost Model
40% B Relational Contract or Exchange Theory

0 IncomiJIete Contract Theory
0 Workflow Modeling

B Principal Agent Theory

o Others

@ Big company
m Not defined 6%

| Not defined

60
19% % 0%

Figure 5 - Studies classification Figure 6 - Studies classification
by size of companies by model
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4.4 Proposals of the studies

Most of the studies analyzed are related to the IT or IS area, which are exactly the topics that this systematic
review was proposed to find. They use some general ideas of outsourcing and also from development of
contracts. Two studies were related to Marketing and Transports, as stated on section 2.3.2 and give more
information about the development and management of contracts in outsourcing, not relating exactly to the IT or
IS area. Figure 7 shows the results.

16% 8%

@ Outsourcing Contract Model Design

49% | B Mathematical Approach

@ Analysis of Models for Outsourcing Contracts
@ How to Achieve the Optimal Contract

19% B Tool Development

13%

Figure 7 - Proposals of the studies

Most of the proposals (49%) are related to the design of a specific model for outsourcing contract, showing how
to structure the contract and which are the most important characteristics that a contract must contain. Some
proposals (19%) analyzed some models related to outsourcing, like Transaction Cost Model, Incomplete Contract
Theory and Relational Contract or Exchange Theory, 13% focus on a mathematical approach of how to select the
best contract for a company. These approaches create some formulas and constraints using the Transaction
Cost Model. Some studies (16%) focuses on how to achieve the optimal contract analyzing, for example, the IT
structure of the company. One study aims to develop tools based on discrete-event simulation to aid outsourcing
companies when costing contracts.

5. Conclusions

This systematic review related to the Outsourcing Contracts was carried out using the protocol proposed by [12].
This protocol has 5 main characteristics related to the systematic review process, where a final statistical analysis
of the primary studies is conducted to achieve important results and also to check the quality of selected papers.

Systematic review takes more time to be done and also more effort than the normal literature review, but the
results achieved are more consistent, since they are based on a well defined prototype that detail all the methods
for inclusion and exclusion of studies and important informations. The results presented here focus on the
initiatives and proposals related to outsourcing contracts where it was possible to see that there is not an specific
trend related to this area, besides a big amount of work was done in 2007.

The large percentage (85%) of the studies analyzed was related to IT and IS, which are the main topics that this
systematic review was proposed to analyze. USA is the country was most studies were done followed not so
close by China, 49% to 13%. Regarding the models used and the proposals defined by the studies, 40% did not
mentioned the models used and the most used was the Transaction Cost Model (13%) and 49% designed a
model for outsourcing contracts.

These results indicate a lack of studies in this area, since just 31 were found and not all of them are specific
related to the Outsourcing Contracts. Most of the 49% studies that tried to define a model for outsourcing did not
exactly develop a fixed model to be used in the IT area.
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GLOBAL MEMORY STRUCTURE FOR ANT COLONY OPTIMIZATION ALGORITHMS

Angel Goiii, Paula Cordero

Abstract: Ant Colony Optimization (ACO) is a computer emergence model to solve problems by swarm
intelligence. The aim of this paper is to provide ant colonies with a global memory structure (GMS) so that the
time needed to resolve a problem decreases drastically. In the past few years ACO have become a strong
alternative to classic algorithms. However, the biggest disadvantage of ACO is the lack of structures which can
provide every individual of the population with simple memory mechanisms. The GMS presented in this paper is
applied to cleaner robots that must search a gallery looking for piles of marks and clean them. It is based on the
variation of the common map by deleting all the superfluous nodes which appears as the resolution of the
problem progresses. A node is considered as superfluous when it is useless for every ant and it delays every
route of the colony. All the robots must share and update the GMS when they find any superfluous node. The
extra process charge needed for executing the memory in parallel to ant’s activities is absorbed by the time saved
in the resolution of the problem which depends on the characteristics of the map and its abstracted graph.

Keywords: Ant Colony Optimization, Swarm Intelligence, Memory.

ACM Classification Keywords: |.6. Simulation and Modelling, B.7.1 Advanced Technologies, 1.2.8 Problem
Solving, 1.2.11 Distributed Artificial Intelligence

Conference: The paper is selected from Seventh International Conference on Information Research and Applications —
i.Tech 2009, Varna, Bulgaria, June-July 2009

Introduction

The algorithms known as Ant Systems (AS) are based on the observed behavior of the ants of a colony during
the food search they carry out for their survival (also called ant colony optimization or ACO). This work focuses its
attention in AS although the research area in Swarm Intelligence is developing several algorithmic theories
derived from other insects. The reason for turning the research efforts towards the natural behaviors seen on
nature it is of relative common sense: the nature has had more than a million years to purify algorithms that
assure an optimal use of the resources during the functions of survival of species.

The study of the various natural processes is being in the last years a source of inspiration of incalculable value in
different investigation areas like DNA computing, membrane computing, synthetic biology, artificial neural
networks or genetic algorithms. In those cases in which we want to find the optimal behavior of several robots in a
community we can base our developments on ant colony optimization. It seems difficult and interesting to
understand how almost blind animals, moving approximately randomly, can find the shortest way from its nest to
the food source and return. The ant when moving leaves signals which are called pheromones so that the others
can follow it.

The methodological philosophy in which ACO is included is called emergence [Clark, 1999]. Emergence is central
to the theories of integrative levels and of complex systems. It makes reference to those properties of those
processes of a system which are not reducible to the properties or processes of its constituent parts. The
emergence concept is related closely to autoorganization concepts and it is defined in opposition to the concepts
of reductionism and dualism. The emergence concept has acquired renewed force as a result of the height of
complexity sciences and plays a fundamental role in the philosophy of the mind and the philosophy of Biology.
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This model of algorithmic computation was first presented in the doctoral thesis of Marco Dorigo [DOR] who in
1996 published three possibilities to solve the well known Traveling Salesman Problem. The main characteristic
of Ant Colony Optimization algorithms is the explicit use of elements that belongs to previous solutions. This
characteristic was also introduced by genetic algorithms (GA's) which are based on the results returned by
previous generations in order to improve the results of the next one. However, in ACO the probabilistic
distribution of partial results is explicitly detailed in previous steps without using extra algorithms (like selections
and crossovers in the case of GA's). During the next section it is explained how ACO algorithms work in the
domain of problems tackled in this paper. The rest of the sections show how a global memory can be very useful
for their resolution.

Ant Colony Optimization

Swarm intelligence is based on the observation of nature in order to construct computational models [Maniezzo,
2004].. Figure 1 show graphically and in a very intuitive way how the algorithms based on ant colonies work by
showing the behaviour of real ants. In the first image (figure 1a) the ants travel straight to the food. There is only
one path and only one possibility to place the pheromones. In figure 1b an obstacle is situated in the middle of the
route used by the ants. In that moment, the ants that are behind the obstacle can smell the pheromones of the
ants in front so they start looking for alternative paths to reach the lost route (figure 1c). What happens in the last
step that can be seen in figure 1d is that the ants decided to travel across the shorter path which avoids the
obstacle. That decision is based on the amount of pheromones present in the path. Those ants who first decided
to take the shorter path reached the original route before those ants who first decided to take the longer one so
the shorter path will be full of pheromones quickly.
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Figure 1. Ant’s behaviour

It is necessary to translate the behaviour of ants explained above to computer software. In order to construct a
model based on an analogy of nature it is created a distributed computer model. This model creates a process for
each ant so that they can work in parallel following each ant of the colony its own synchronism. The ants can also
be activated at the same time. This last option is better when trying to find improvements to the algorithm. The
pseudo-code of the entire procedure would be similar to:



118 11— Intelligent Engineering

procedure ACO algorithm()
while (final_objective_not_satisfied)
ant_action()
pheromone_evaporation()
memory_evaluation()
end while
end procedure

The evaporation of pheromones is done after the action of every ant. This function is always executed in a
synchronous way. That means that in every iteration of the algorithm we evaporate the same amount of
pheromones in all the spaces of the map which pheromones are placed. This function is the target of lots of
studies and developments because the way the pheromones are evaporated can change the resolution of the
problem.

The function ant_action() is subdivided in several steps. This function handles all the input ants of the problem in
a synchronous or asynchronous way like it was explained before. The pseudo-code that leads the action of the
ants would be similar to:

procedure ant_action()
decide_movement()
put_pheromones)
if (target_found)
eat_target()
end
end procedure

The function put_pheromones() is also very important to the correct resolution. The way each ant put the
pheromones affects very much the time of execution of the method. It is not trivial the fact that an ant could put
one pheromone unit or two. If the model evaporates one pheromone unit per iteration it could easily been
changed the time that pheromones are present in the map.

In this work we focus our attention on the function decide_movement() in which the global memory structure
presented in this paper is used. If several paths part from the point where an ant is, that ant must decide which
way should it go. At the beginning of the problem all the paths are pheromone free so the probability of choosing
one path ore another is exactly the same. As the problem is being resolved the paths can contain different
amounts of pheromones and this function must choose probabilistically the path to follow. The global memory
structure provides the ant the ability of avoiding the useless paths.

Memory Requirements

Over the last years there are a lot of papers published in which the researchers try to apply memory structures to
ant colonies [Manfrin, 2006]. That is due to the fact that ACO have become a strong alternative to classic
algorithms. However, the biggest disadvantage of ACO is the lack of structures which can provide every
individual of the population with simple memory mechanisms.

The most intuitive problem in which we are bound to apply ACO is any problem that belongs to the “Check
Problem Class” (CPC). We would say that a problem is included in CPC when the input of such a problem
consists of a set of three elements:
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- A number n of input ants. The problem starts with n ants which are seen like the processes we can
manipulate in order to solve the problem. This number can be variable during the resolution.

- Agraph G = (N, E) where N is the set of nodes of the problem and E is the set of edges. Each edge is in
the form E = (N1, N2) where N1 and N2 are the nodes that this edge connects.

- A number m of input targets. The targets are spread along the input graph. The characteristic of those
objectives depends on each problem. Usually the objectives are in the nodes of the graph because the
graph represents a set of rooms in a building and the edges the doors existing between the rooms. In
the case that two rooms communicate through a long corridor, the objectives could be on the edge.
However, the case we face in this paper is the first.

The main objective of those problems is to check that a concrete goal is achieved or to check the state of all the
targets. In the next section we will see how to implement a memory structure over a problem of the first class, in
which the n initial ants will try to complete a concrete mission. The other class would contain those problems
related to the typical problem of the security in an art gallery, where it is very important to develop a trusty
security device which could cover the entire gallery during the night and check if the different objects are all in
their correct place.

The problem solved in this paper and improved by a global memory is a problem in which the ants (cleaner robots
in our problem) should walk around the rooms of a building floor checking for food (dirty marks in our problem)
and eat it (clean them would be the action for our robots) if they found it. After carrying out its action with a target,
an ant must go on walking around the map. The problem will be finished when all the targets disappear. After
finishing the problem (all the dirty marks have been cleaned) the ants should return to their starting point. The
global memory structure (GMS) developed in this work will help the ants to know when the goal is achieved so
that they do not have to continue wandering the map.

GMS consists of a knowledge base of the superfluous nodes of the graph so that the probabilistic movement
decision of the ants takes it into account in order to avoid non useful movements. A superfluous node is that one
that has no objectives in it (a room without dirty marks) and does not make shorter the path of an ant who passes
through it. In order to incorporate GMS to the robots they must store the information about the paths they followed
in the past so that they could know how costly one path or another is. The cost of the paths is calculated by all the
rooms or graph nodes that the ant has passed through during its path. All the nodes have the same cost C so that

C(node)=1,¥ ie [1..Nlast].

The memory structure will work as a parallel process so that all the ants can have access to the information about
the superfluous nodes of the graph in order to avoid travelling along them. In this way, all the ants will collaborate
to create the GMS and all of them will also be benefited from it. This structure will need more computability
charge in each ant because of the knowledge base update necessary in every movement. However, the time
saved thanks to GMS in solving the problem exceeds the computability charge used.

In the next section there is an example explained about how to add GMS to a single problem solved with ant
colony optimization.

Superfluous Nodes Elimination

In this section it is explained how the global memory structure works in an ant colony. In the present problem we
have several input robots which are all in a concrete room of an art gallery. As they are cleaner robots, we
suppose that this room is the room of the building where the robots are kept. That room would be the nest in an
analogy with real ants. All the robots must work in a complete concurrent and asynchronous way in order to
simulate a real ant-algorithm.
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The floor plan of the gallery can be seen in figure 2a. Each room r; V i € [1..24] must have at least 1 connection

and a maximum of 8 connections with the surrounding rooms. A room has as an attribute an array of rooms
connected to it. For example, room r7 has the attribute connected; = [rs, rs, r1z, r11, re]. An abstraction of the gallery
is shown in figure 2b in the form of a graph. That graph is the real input of the problem. Another attribute of each
node is the number of marks or targets there are in that room. As the aim of this paper is to show how to create a
global memory structure, the attribute pheromone is omitted in this example. A novel reader would understand

how that parameter acts following the brief explanation of previous sections.

Figure 2. Map of the gallery and abstraction graph

All robots are initially kept on room 1 and they do not know where the targets are. When the problem starts, all
the robots must start wandering around the map following the actions we have programmed in advance as it was
been seen previously in this paper. In order to decide a movement each robot takes into account all the rooms

which surround the actual room in which the robot is in. What the GMS is
going to do is to eliminate from the initial graph those nodes which are
considered superfluous so that the size of the map decreases. All nodes
can become superfluous at any time so it is necessary to check them every
time a robot makes an iteration. It is important to notice that the GMS is
common for all the ants so it is very important to synchronize the access to
it by every robot.

Next it is shown how to eliminate a node. In the next example it is
eliminated node number 4 because is consider as superfluous. In order to
simplify the problem we will focus our attention in the movement across the
neighbours of rs when the situation is: rs = ([7], [rs, r7]); ra = ([2], [r3, rs]); 17 =
(81, [ra, rs, r12, 6]); rs = ([111, [ra, r7, r12]); r12 = ([9], [re, r7, r16]) where the first

Figure 3. Detail of Ry
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attribute of a room is the number of objectives and the second attribute is the connections. As the algorithm runs,
the number of objectives decreases because when a robot gets into a node he cleans a mark and then decide if
moving to another room or staying in the actual room in order to look for more targets.

The first room which will be totally cleaned is room number 4 because the number of targets it has is much slower
than the rest of the rooms. After several iterations of the robots, rs = ([0], [r3, rg]). The first condition that a node
must have to be ambiguous is then validated in rs. Now, the process in charge of GMS must study the cost of the
paths which go through rs and the cost of the alternative paths. In figure 3 are described all the paths that a
possible robot can choose travelling through rs. Between rs3 and rs there are two paths whose cost is 3 in both
cases: <rs, rg> = (C [r3, I4, 5] = 3, C [r3, 7, rg] = 3).

Other routes are:

<r3, 119> = C][r3, 14, rg, r12] =4; C[rs, 17, rs, r12] = 4; C [r3, 17, 112] = 3; C [r3, 14, T, I7, [12] = B)

<r7, 1g> = C[r7, 13, Is, s, 12, r16] = 6; C [17, rs, T2, r16] = 4; C [r7, r12, 6] = 3)
<rg, 3> = <r3, 1g>; <r12, [3> = <I3, I1>; <15, 3> = |<ry, 3> + 1

<rg, r12> =( Crs, ri2] = 1; C[rs, ra, r3, 17, r12] = 5; C [rs, 17, r12] = 3)

As it can be seen in the routes shown above, the cost of every possible path p ithat a robot can take between
the two nodes of the route whichis C[p 1= C(r), Y re p i is always higher when that path cross rs. The

fact that turns r4 a superfluous node is that there is always a possible path for each route 8 with lower or equal

cost as the path across rs. If we divide each set of paths that forms a route into two new subsets Sy and S; in
such a form that S contains all the paths that travel along rs and S; contains all the paths that avoid rs, we can
affirmthaty & /rse o [p first.p lastl= 3 pie S~ C(p )< C(p j) where p jrepresents any path
of S1.

That is why the node number 4 can be considered as superfluous and it is eliminated from the abstracted graph
which is stored in the GMS. Remember that GMS is common for all the robots so that as far as the problem is
running each robot will take into account a smaller graph to make the decision of where to move next. The time
saved by the lack of non useless movements of the ants increases as the problem grows.

Superfluous nodes will always delay the resolution of the problem so the objective of GMS is to eliminate them.

Conclusion

Ant colonies are able to recollect the food in a very special way. Every individual of the population follow the
same path as the rest of the colony which turns to be the shorter path possible. That is due to the capacity they
have to communicate between each other by the deposit and evaporation of pheromones. The global memory
structure (GMS) presented in this paper guarantees important advantages during the process of decision that
every ant of the colony must do every iteration before moving to another node of the graph.

The GMS method is based on processing the map of the problem in a different way than traditional swarm
intelligence algorithms do. This method focuses its attention on how to avoid useless spaces in the map so that
the ants of the colony do not travel across them. It is extremely necessary to be totally sure about the spaces to
eliminate because very often a space with no food can lead the ants to another space where food is abundant.
That is why GMS support a matrix of weights that calculates every moment the superfluous nodes that exists on
the graph.
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For the correct execution of this global memory structure, two different instances of the graph are needed. One of
them is the initial input of the problem and the other one must be filled as the ants wander through the nodes. The
memory of the ants is in some way downloaded to this second map which is the aim of the structure. By using
this technique we can observe that the time saved by ant algorithms increases as the problem gets bigger.
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SPECIALIZED SHELLS OF INTELLIGENT SYSTEMS FOR DOMAINS
WITH COMPLICATED STRUCTURES
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Abstract: The paper covers the properties of domains with complicated structures and describes information and
program components of shells of intelligent systems for such domains, defines all the properties of shell
components. It is noted that the maintenance subsystem that adds new program components to the shell is an
important component.
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Introduction

Several problems are to be solved when a knowledge based intelligent system is being designed: how to
represent the domain knowledge, how to use it to solve tasks, how to maintain the knowledge base. The more
domain is complicatedly structured, the more difficult it is to develop such a system and to maintain its knowledge
base. Universal and specialized shells are tools simplifying the intelligent system design process. Universal shells
are based on a certain universal language used to represent knowledge. Many of existing commercial universal
shells are rule-based systems [Commercial shells]. To represent knowledge, specialized shells use a domain-
specific scheme defined by an ontology of the area the shell is designed for. This allows a domain expert to
develop a knowledge base without the participation of a knowledge engineer which is an intermediary.

In science-associated domains with complicated structures, not only knowledge may change, but ontologies may
also change leading to the changes in a set of classes of tasks to solve. However, methods for development of
specialized shells do not embrace such properties of domains with complicated structures. The aim of this paper
is to describe the features of specialized shells of intelligent systems for such domains.

Properties of domains with complicated structures

First, let us examine the properties of domains with complicated structures that define the properties of the
specialized shells for such domains.

Each domain is characterized by many quantities and sets of mathematical terms to define operations and
relations within the elements of these quantities [Artemieva et al, 1997]. The type of quantities used in domains is
defined by the way of getting data about values and also by the way of verbal representation of information about
domain objects. The elements of verbal representation can specify the information about the values of domain
objects properties, the structure of objects and the (functional and nonfunctional) relations between domain
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objects. Each quantity is characterized by a number of elements of this quantity and also by a set of functions,
operations and relations.

Quantities can be either standard (e.g. dimension quantities, scalar and structural quantities, quantities of sets
and mappings [Artemieva et al, 1997]) or nonstandard. Each domain comprises its own nonstandard quantities.
Nonstandard quantities for the area of chemistry are structural formulas of compounds and spectra.

Knowledge, which is defined as a set of statements about the properties of the reality situations, characterizes
domains. Knowledge can be considered structured if it can be represented as a set of pairs <term, term value>.
Otherwise, knowledge is not structured and represented by a set of statements on a certain logical language.
There are domains in where only a part of knowledge is verbally represented. Such feature is characteristic of
chemistry, where the structured part of knowledge describes the properties of various domain objects, while not
structured part of knowledge contains the laws of this domain.

If knowledge of a domain or a part of it is structured, then ontology of knowledge is considered to be a property of
domain [Kleshchev and Artemjeva, 2007] that defines notions used in verbal representation of knowledge and
ontological agreements that specify constraints for sets of values for such terms. For domains with not structured
knowledge, the ontology of knowledge is empty, and all domain laws are represented with the usage of terms of
ontology of reality consisting of the descriptions of terms and ontological agreements that set the integrity
constraints for the reality.

If domain knowledge is structured, then the set of ontological agreements except integrity constraints for the
reality and knowledge contains another group of agreements that set the links between the knowledge and the
reality of a domain.

Ontologies of domains with complicated structures are multilevel and modular [Artemieva, 2007]. The level with
maximum n number represents the ontology of a domain with complicated structure. It contains terms which
define the next level ontology (an ontology of a domain section). Transitions to a level with a lower number
implies the setting of the ontology terms (of an ontology of domain section or subsection), as well as the setting of
the ontological agreements for this level. To determine these ontological agreements it is necessary to set term
values of a previous level ontology or to set the agreements on a language to represent these agreements.

Let us call the ontology with the knowledge system the ontology of level 1. Such an ontology defines the
properties of a set of situations of the domain reality and therefore the values for the terms of ontology of the
reality are not matched. By specifying the values of the terms of ontology of the reality we receive the description
of the concrete situations of a domain (or the 0 level "ontology").

Chemistry can be seen as an example of a domain with complicated structure [Artemieva et al, 2007], the
multilevel ontology of which is shown on Fig. 1.

2. Specialized shell components

The following groups of users of the specialized shell of intelligent systems for domains with complicated
structures can be distinguished: support programmer, knowledge engineer, expert, domain specialist.

Support programmer ensures program components development, knowledge engineer and expert provide

development of information components, while domain specialist uses complete program and information
components to solve applied problems.
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The basic components of a specialized shell are the following: editor of multilevel ontology, ontology-controlled
knowledge editor and systems for solving tasks of different classes.

Specialized editor of multilevel ontology is used by knowledge engineers. It provides the opportunity to develop
and edit a new module of an ontology of level i+1 and allows the reusability of the existing modules of the every
level ontologies.

Specialized knowledge editors, controlled by an ontology, are used by experts in a domain with complicated
structure. They provide the opportunity to develop and edit a new module of knowledge controlled by the
knowledge ontology module.

Specialized solvers for classes of applied tasks are used by domain specialists to specify input data, to get the
results of solutions and their descriptions in terms of the ontology of the reality.

An important component of a specialized shell for the developing domains is a support subsystem that is used by
a support programmer. It makes it possible to change the structure of the program components of a shell.
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Fig. 1. A multilevel ontology for chemistry.
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3. Properties of information components editors

Multilevel module ontology and module knowledge base are information components of a specialized shell for a
domain with complicated structure. Development and editing of information components is carried out by a
multilevel ontology editor and editor of knowledge, the development of which is based on the n level ontology.

Multilevel ontology editors and knowledge editors are to provide the development and editing of module
ontologies and knowledge and to ensure the reusability of the modules for the development of ontologies and
knowledge for new sections and subsections of a domain. Thus the development and editing of a module for the
ontology of i-1 level are to be controlled by the ontology of i level, while that of a knowledge module is to be
controlled by the ontology of level 2.
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Fig. 2. Information editors for a specialized shell.

Ontology editor is to provide the opportunity to choose that of the existing modules of the ontology of level i that
controls the editing of a module under development. The same pattern is used in the editing of a knowledge
module, when an opportunity to choose the "controlling” module of the ontology of level 2 is to be provided.

Editors of ontology and knowledge are to provide the opportunity to specify the structured and not structured
parts of the ontology and the structured and not structured parts of knowledge, i.e. a program component for
these editors would be a specialized statement editor that allows to input the ontological agreements and laws of
a domain.
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Knowledge editor is to provide the input/output values of nonstandard quantities. There can be a method of
graphic representation for the values of nonstandard quantities. For instance, in chemistry [Artemieva et al, 2008]
there can be a graphic representation of a short structural formula or structural formula of a chemical compound.
Therefore, while developing and editing knowledge, knowledge editor is to provide the opportunity to use the
method of graphic representation of the values of nonstandard quantities accepted in a domain. The quantity, to
which corresponds a value of a certain property, is specified by the ontology of level 2. Therefore knowledge
editor is to provide an automatic choice (controlled by the ontology of level 2) of the means for graphic
representation of values of nonstandard quantities.

Ontology editor interprets the ontology of level i while developing a module of the ontology of level i-1. Knowledge
editor interprets the ontology of level 2 while developing knowledge module. The same ontology can be
interpreted differently by different knowledge editors. Knowledge editors can vary by the ways of knowledge
interpretation and by interface as well. It is obvious that for an editor aimed to interpret one ontology, not the
whole class of ontologies, more easy-to-use interface and more comprehensible way of interpretation for an
expert can be developed. Therefore a specialized shell should allow the application of editors supporting different
ways of interpretation of a module of the ontology of level 2, as well as providing an expert with the opportunity to
choose the editor needed.

Thus, information components editors are to comprise (Fig.2) specialized editor of multilevel module ontology,
specialized knowledge editors controlled by ontologies of level 2, systems to input/output values of nonstandard
quantities, statement editor allowing to specify laws and ontological agreements of a domain. 4. Properties of
systems for solving applied tasks

The values of nonstandard quantities are used to edit knowledge and enter input data. The method of graphic
representation of input data is more convenient for a domain specialist since in this case it is unnecessary to
apply cumbersome verbal data representation [5]. Graphic representation of the results of a solution proves to be
a more easy-to-see method of representation. Therefore the shell is to provide input/output of the values of
nonstandard quantities while specifying input data of the tasks and ensure the use of the method of graphic
representation of the values of nonstandard quantities accepted in a domain while entering input data of the tasks
and outputting of the results of their solutions.

It has been noted that the quantity to which a value of a certain property pertains is specified by the ontology of
level 2. Shell is to provide an automatic choice (controlled by an ontology) of the means for graphic
representation of the values of nonstandard quantities while specifying input data of tasks.

Each section (and subsection) of a domain with complicated structure is characterized by its own set of classes of
applied tasks though different sets can comprise both common classes of tasks and classes specific for a section
(subsection). Solver can be intended for solving classes of tasks of one section (thus it uses the ontology and
knowledge of this section) or for classes of tasks of different sections (in this case it uses different ontologies and
knowledge). In the first case, the ontology used by a solver is defined by the class of tasks. In the second case,
an additional indication what ontology and knowledge are to be used while solving tasks is required. Specialized
shell of intelligent systems for domains with complicated structures is to ensure the solution of different classes of
tasks with the user being able to specify the module of an ontology and the module of knowledge that are to be
used while solving tasks. While solving tasks of one class various systems with different specifications of
complexity can be used. These specifications are determined by input data and the statement of a problem. The
systems for solving of one class of tasks can also vary by the interface, use different methods of solving of tasks
of this class. For example, different laws of a domain can be used while calculating a value of a certain property
of a physical-chemical process.
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Fig. 3. Systems to solve applied tasks.

Thus, specialized shell is to contain extensible system libraries for solving tasks of different classes, systems for
automatic building of methods of solving tasks according to their specifications (Fig.3). A task solving method can
be represented in a form of an algorithm or as a set of rules of productions system. In the first case, an
algorithmic language processor is applied to develop a solver, in the second case a rule-based language
processor [] that is one of program components of specialized shell is used.

Conclusion

If a domain is developing, its ontology and knowledge are changing. Changes in ontology lead to change in a set
of classes of tasks solved. Thus, the development of a domain with complicated structure implies the emergence
of new information and program components of an intelligent system. Alteration of information components is
supported by the editors of these components. Program components development implies the existence of a
support subsystem for this process.

The maintenance subsystem for a specialized shell is to make it possible to add new subsystems to input/output
values of nonstandard quantities, in particular for those quantities supporting the method of graphic
representation of these values, new classes of tasks and subsystems for their solution. It is also to ensure the
inclusion of subsystems for automatic building of solvers for classes of tasks into program components. Thus, the
program components of the maintenance system are the following: subsystem to maintain subprogram library for
nonstandard quantities, subsystem to maintain knowledge editors library (Fig. 4), subsystem to maintain solvers
library, subsystem to maintain library of systems for automatic building of solvers for tasks specification (Fig. 4).
Rule-based language processor is used while developing the problem-solving methods for the tasks presented as
a set of rules.
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The maintenance subsystem for a specialized shell is to make it possible to add new subsystems to input/output
values of nonstandard quantities, in particular for those quantities supporting the method of graphic
representation of these values, new classes of tasks and subsystems for their solution. It is also to ensure the
inclusion of subsystems for automatic building of solvers for classes of tasks into program components. Thus, the
program components of the maintenance system are the following: subsystem to maintain subprogram library for
nonstandard quantities, subsystem to maintain knowledge editors library (Fig. 4), subsystem to maintain solvers
library, subsystem to maintain library of systems for automatic building of solvers for tasks specification (Fig. 3).
Rule-based language processor is used while developing the problem-solving methods for the tasks presented as
a set of rules.

The maintenance subsystem for a specialized shell is to make it possible to add new subsystems to input/output
values of nonstandard quantities, in particular for those quantities supporting the method of graphic
representation of these values, new classes of tasks and subsystems for their solution. It is also to ensure the
inclusion of subsystems for automatic building of solvers for classes of tasks into program components. Thus, the
program components of the maintenance system are the following: subsystem to maintain subprogram library for
nonstandard quantities, subsystem to maintain knowledge editors library (Fig. 4), subsystem to maintain solvers
library, subsystem to maintain library of systems for automatic building of solvers for tasks specification (Fig. 4).
Rule-based language processor is used while developing the problem-solving methods for the tasks presented as
a set of rules.
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Abstract: The paper presents an ontological approach towards e-learning portal development. Special stress is
put on structuring procedure as it is the kernel of ontology development and on visual design as a powerful
learning mindtool. We also describe the experience of ontology developing based on Knowledge Engineering
educational course in St.Petersburg State Polytechnical University and “OntolingeWiki” tool for creating ontology-
based e-learning portals.
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Introduction

The development of information and communication technologies is becoming more and more intense and
increasingly fast, so e-learning also needs to evolve, to find new solutions and to reach several goals. What are
they? It has to be effective, well designed, not expensive, reusable, and fast in development. Society changes
too: it becomes more and more visually dominated, parallel processing and multi-tasking are widely practiced, life
is faster and more and more overloaded with information. Students think and process information differently from
their predecessors [Prensky, 2001]. So, educative systems also need to become more up-to-date, flexible and
adequate.

One of really interesting topics in e-learning nowadays is the convergence of knowledge management and
technology enhanced learning towards the effectiveness in the design and exploitation of learning content. In the
last years an intensive application of Semantic Web concepts and technologies seems to solve a lot of problems
and concerns that existed earlier.

The importance of specification and structuring the content and its visual presentation — followed with such
connected issues as design, adaptation and usability has been underestimated to a certain extent until recent
times. The researchers often were far more concerned about how to educate (with methods of instruction or
reasoning over the content) than how to present the object of the research (content specification and knowledge
structure) [lkeda et al., 1999]. When ontologies were being started to be used in educational systems its main
advantage was considered the fact that it provides a common vocabulary, and an explication of what has been
often left implicit. The systematization and structuring of knowledge becomes the backbone of the system.

And concepts and relations among them are like this specified and can be used as building blocks without really
complex actions [Mizoguchi et al., 1997]. So the new approach in using ontologies in e-learning is more about
constructing ontologies to form content and/or navigation system, improving navigation usability and level of
knowledge acquisition. In recent years, there has been a growing interest in the development and use of domain
ontologies, mainly motivated by the Semantic Web initiative [Woukeu et al., 2003].
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In this paper we describe the experience of ontology developing for Knowledge Engineering courses based on
educational course for undergraduate students of Saint-Petersburg State Polytechnic and Saint-Petersburg State
Universities. It also seems important to specify why ontology-based conceptual domain modeling is so efficient for
needs and purposes of e-learning using researches which have already been made and applying our own
considerations. Next section gives details of goals we wanted to achieve while starting to develop the ontology.
Then OntolingeWiki, ontology-based tool which takes advantage of both wiki-technology and ontologies for
creating educational portals, is described. The paper is concluded with summary and future work discussion in
the last section.

Ontology-based conceptual domain modeling and its efficacy

So why is structuring followed by visual presentation of course’s structure so important and helpful?

o To share common understanding of the structure of information among people or software agents [Musen,
1992]

o To make domain assumptions explicit so that it would be possible to change these assumptions easily if
knowledge about the domain changes.

o To separate domain knowledge from the operational knowledge [Noy, McGuinness, 2001]

o It's simpler and more effective to perceive and analyze domain knowledge when it's clearer how all small
pieces of information connected between each another are. It can be compared with having a picture of a
complete puzzle before and while inspecting each of the separated pieces. It's easy: we know how this piece
is connected with others, what’s pictured on it and how we can use it. But when the puzzle is undone and the
only thing we know it's that this is a picture of a pretty princess, a lot of time can be spent while deciding
whether that little blue piece is sky or princess’s dress.

o Despite the fact that many IES (Intelligent Educational Systems) exist and keep being developed,
knowledge reuse from one system to another is almost non-existent. Content-oriented view over the IES could
facilitate knowledge sharing and reuse [Mizoguchi et al., 1997]. Therefore two of the most current research
issues in the e-learning community are specifying reusable blocks of learning content and defining an abstract
way for designing different units (e.g. lessons) [Knight, GaSevic, 2005].

o It also provides the ability to modify easily the course’s structure for different educational purposes
adapting to current needs. Just like when using Lego we can build castle for a knight and rose cottage for an
old lady using the same blocks. So it will be possible to use different structures for a beginner/a professional, a
third-grader/a Ph.D. etc.

o As two major problems of learning online are loss of overview due to low information density of the
medium and short attention spans due to fast fatigue of perception structure and presentation of learning
material it will be a lot more effective if it reflects the characteristics of hypermedia and the web [Psyché et al.,
2004]

o The web itself is a very large scale hypertext information space where users can search and find
information in different domains. But considering the constant increasing of resources on the Web getting an
overview of all the available information relevant to their current needs and tasks becomes pretty much
impossible. And if this user is not fully experienced in the knowledge domain as it happens in the majority of
cases (if he/she was, why would he/she need to find this information?) he/she is not totally able to define for
sure whether found content is entirely appropriate and useful for their cognitive state, tasks and level or
accurate, conforming exactly to truth or to a up-to-date standard [Aroyo, Dicheva, 2004]. Within the class of
Web-based educational systems, a major role in various instructional contexts play the Educational
Information Systems that are aimed at providing intelligent, task-centered information support for solving
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problems and performing learning tasks. And ontology is really good for maintaining functionality required for
those ones [Psyché et al., 2004]

Knowledge Engineering Ontology Elaboration

Pedagogical and psychological construction and delivery of contents rather than the actual content are actually
major key issues. If students also are interested in process, student performance is really likely to be up after
being introduced to new ways of learning. The use of visual paradigm enables students to process and
understand greater volume of information and visual form influences both analyzing and synthesizing procedures
in ontology development process [Gavrilova, Puuronen, 2007]. This is why we've decided to make first a visual
representation of the top level of ontology as a powerful mind tool in data structuring process [Gavrilova, 2007].
The developed ontology will be also used as a table of contents for educational system.
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Fig.1 Top Levels of the Educational Ontology of Knowledge Engineering

As while developing learning design we should try to exclude excessiveness and contradictions and to avoid the
ontology being too complex and big, we thought it would be reasonable to make it more scalable — e.g. when user
chooses the leave of top level ontology it proves to be the root of another one (see Fig.1) — the screen is not
overloaded so the information is perceivable yet all the advantages of using ontology are kept.
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OntolingeWiki Tool

Wiki technology is a perfect base for on-line knowledge engineering. It supports collaboration, it's easy to add and
modify information there. One of its other great advantages — nearly everyone can create, modify and delete the
data (of course, now it's not exactly like that — access control lists permit to give different rights to different
persons). But it not only an advantage, but a disadvantage too — after some time wiki-portal can become a mess
of chaotically messed hypertext where it's not really easy to find and learn something. The solution is to use
ontologies as a framework.

Thus, OntolingeWiki is a tool that takes advantage of both wiki-technology as a good environment for
collaboration and ontologies as a tremendous tool for knowledge structuring. It can take any ontology saved in
OWL format as an input and provide web-interface for ontology navigation with visualization based on hypergraph
technology (http://hypergraph.sourceforge.net). Each concept of the ontology can be annotated with wiki-page
created on demand (see http://ontowiki.org.ru:8180/ontolinge/dispatcher). OntolingeWiki was created on the base
of Ontolinge-KAON system [Gorovoy, Gavrilova, 2007]

This technology can be used for creating ontology-based educational portals and was successfully leveraged in
the design of the ontology-based content management system for the virtual exposition of the optical
technologies museum in Saint-Petersburg State University of Information Technologies, Mechanics and Optics.
Many electronic teaching materials such as presentations, animations or java-applets were united in the virtual
exposition which introduces a visitor with optics according to the chosen ontology model.

Conclusion

As e-learning lacks teacher or tutor in a traditional way, knowledge structuring is really important for better
understanding course ideas. And by using visual paradigm students can better understand and remember the
course. It also permits to reuse knowledge units, expand and modify e-learning system, enables a shift away from
the teacher-centric and curriculum-oriented course perspective towards a more learner-centric and interest-
oriented approach. We consider OntolingeWiki tool a step forward in creating a useful technological environment
for creating ontology-based educational portals supporting collaboration as it has advantages of both wiki
technology ad ontological engineering.
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DYNAMIC SYSTEM QUALITY PROVIDING UNDER UNDETERMINED
DISTURBANCES. MULTI-DIMENSIONAL CASE
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Abstract: Multi-dimensional dynamic system under impact of the undetermined disturbing influences is reviewed.
Control system that allows to influence over system reaction value in proportion to the disturbance is defined. An
algorithm for system quality estimation and making decision about control aiming to provide required quality is
proposed. Control algorithm for multi-dimensional system is developed.
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Introduction

Dynamic system quality guaranteeing under the undetermined disturbances is one of the current problems of
control theory. Existing methods presuppose either complete a priori information about disturbances, or their
constraints are known [Lin, Su, 2000], [Poliak, Sherbakov, 2002], [Nikiforov, 2003], [Hou, Muller, 1992], while
regulators with dynamic disturbance compensators might have high dimensions [Liubchyk, 2007].

Control Structure Forming

Dynamic system with #n state variables can be described by a matrix equation
x=—Ax—- KU+ EF (1

where x =[x,...x,] - state variables; x,, = x,, ,; disturbance F =[F,...F,]", E= - disturbance

/]

. =0,n=2k, k=1,...,05n);

enm

coefficient matrix (nxm), whose uneven lines are filed by zeros (e

controlling U = Bx, B=[b;...h,], K=[0k, 0...0k,]"; A= (nxn) system parameter matrix.
Let's put equation (1) in operator form

(s/+A4)x=—KBx+EF , 2
s - Laplace operator, control matrix coefficients b, are in general case the polynomials depending on s.

Structure and order of those polynomials are defined by optimizing control functional.
From (2) we can get

x=(sI+A+KB) " EF =(sI+ A+KB)" EFA™, (3)

x=(sI+A+KB)" =

a[lll

nn

- algebraic complement matrix (nxn) for matrix (s/+A4+KB), A-

characteristic polynomial of the system (3).
By analogy we can define

x=(sl+4) " AF, (4)
AF = EF —KBx = (s] + A+ KB) (sl + A)EF = (sl + A+ KB)*“ (sl + A)EFA™. (5)
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If (KB), [ (sl +A);,i,j=1...,n,then system (3) characteristic polynomial when K, = K,
A=KA, (6)
where A, polynomial does not depend on K, control coefficients.

If(KB),; [l (sI + A),, i,j=1,...,n,letus form an additional control channel for the system (3) so that

(sI+A+KB)x=—-K,(s] + A+ KB)+EF, K, =diag[K].

Then
x=(+K,)" (s +A+KB)"EF, I =diag[1], (7)
and while K, >>1
x=K;'(sI+A+KB)'EF, x,=(1+K,;)" Y ajf., f,=D e,F,, 8)
Jj=1 k=1
AF = EF — K, (s + A+ KB)x = K,'EF, 9)
x=(s/+A+KB)AF . (10)

In those cases K, K, control coefficients alteration causes a proportional change in the state variables x

value, (3), (8), and resulting disturbance AF' (5), (9) affecting the dynamic system.

System Condition and Resulting Disturbance Estimation

Let us assume that system state variables x are measurable. System quality means having x variables in the
certain range of alteration. Disturbances F' (or AF') may take the system out of this range and cause errors.

To estimate disturbance effect over the state variables it is possible to use Duamel integral. For the system (4) we
get

T
x=(sl+A)“AFA" = {Zc;jmfj . zc;;;'Afj} A,
j=1 j=

n m
_ A1 aa _
X, =A; E ¢ A B, = E e AF
j=1 k=1

A, - characteristic polynomial of the system (4).

By analogy for the system (10)

T
x=(sI+A+KB)"“AFA™ = {Zafj’Afj ...Za;]w;} A,
Jj=1 Jj=1

% =AY A, = Y eF
j=1 K=1

Then

n

X. =

1

O t—

mi(t—r)AFi(r)dT:jw(t,r)dr, (1)
1 0

Jj=

p(7) =Y, (- D)AF, (2) = () = 3,4(0). (12)
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where w; (7) - system weight functions for i state variable from disturbance by ; variable. Those are known
functions for the systems (4) and (9).
In this way, to estimate system quality by its state variables x; it is sufficient to know function (12) depending on

the acting disturbances and system (4), (9) dynamic features. The state variables will be characterized by square
limited by the function (12) at observation interval.

Making Decision about Starting Disturbance Control

Based on the system quality definition introduced, to provide quality it is necessary for the function (12) (quality
function) to have value within predefined range, whose square S, does not exceed the limit value x, of the

variable x; in the interval where the function (12) has constant sign
Sp S x,. (13)
To define the quality range it is necessary to estimate (or measure) x, value in the ¢ € (0, tg) interval, where

t, - moment of time when xl.(tg):gx O<e<l,

ip?
and function (12) that in the same interval creates a range S, = x; (tg) as part of the range (13). Second part
S, of the range (13) should provide meeting the demand
$,+5,<8,, 8, <1-¢)S,. (14)
When ¢ =0.5itis constructed as a reflection of the function (12) relative to 7 = ¢ . lineattheranges > 7,
y(r)=y(2, 7). (15)

t= tg is a moment of disturbance control start.

Disturbance Control and System Quality Providing Algorithm

Figures (3), (6), and (7) prove that value of external disturbance that impacts the system is altered by the
operators K, or K. Meanwhile external disturbance value alteration is equal for the resulting disturbance as

well as for quality function (12) and system state variables. Thus, disturbance control algorithm by the operators
K, or K, can be implemented by the drift of one of those functions from its permissible value. This permissible

value should be forecasted considering system dynamic features. Let us use function (12) and let us develop a
control algorithm relative to (14) and (15). Let us assume quality function (15) to be permissible

w2, -1)=y,(r), T=1,, x,>x,.

Let us define the drift of the existing x, from the permissible state variable

y=X-x, = IO [y/(t, -y, (z')]dz', |x[| > ‘x[p ‘ :
and let us use direct Lyapunov method to define the control K. (¢) (7) or K,(¢) =1+ K.(¢) (6).

Let us introduce Lyapunov function V' = y2 and provide

v _y, &

v _, g (16)
dt dt
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where y(f) = J:I:l//g () -y, (@) dr, % =y, (0)-y, (@), v, = 1+l/;<n ; [!//g = 1+’//KJ.

Condition (16) will be fulfilled if
t)— 4

w (1) V/,J(),t”g,
v, ()

Condition (17) is fulfilled by the following rules of operator K, (8) (or K, (6)) formation:

K, (@)= {%— ][l+ Sign(|xl.| —‘xip‘)}-[l+ Sign(l// -y, )],

KTi(t):{m— }~[1+Sign(|xi|—‘xip‘ﬂ~[l+sign(l//—wp)]-{;c—i—g:l : (18)

v, () »

Operator (18) becomes undefined when y, =0, y >0. To avoid uncertainty, it is sufficient to set in the

K, (1)> x| >|x, |, K(5)>0. (17)

algorithms (18)
K,(t)=K(y,—>0,,y>0)=const (19)

in the time interval starting from the moment where (19) value is accepted until the moment when y(¢) = 0.

Conclusion

Proposed algorithm of controlling the undetermined external disturbances is based upon the quality function
estimation, that takes into account the disturbance itself and system dynamic features. Quality function allows to
forecast the possible scale of its value range and to make a decision about control start. Control algorithm,
developed on the basis of current and estimated quality function values, provides the necessary quality of the
dynamic system.
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WCCNEQOBATENLCKUN NOPTAN «MIHHOBALMOHHOE PA3BUTUE PEMMOHOB»

Namuna Jlagosa, XKaHHa MuHraneBa, Hatanbs ®ponosa

AHHOmauus: [lpedcmasneH nNpoekm, HanpasneHHbill Ha co30aHue UHGOPMaUUOHHO-aHanUMuU4YecKol
cucmembl, npedHa3Ha4YeHHOU Onsi peweHus 3adadyu opaaHu3ayuu KommekmusHol pabomsi uccrnedosamened,
noddepxku UX onepamusHo20 e3aumodelicmeuss N0 00HOU U3 akmyarbHbIX npobrem 8 0bnacmu 3KOHOMUKU —
npobneme UHHOBAULIOHHO20 passumusi pealoHos. B pamkax npoekma cosdaemcs nopmar, obecnequgarouiuli
803MOXHOCMb hybnuKayuu, noucka, aHanu3a U kamanoausayuu Mamepuasnos no 3adaHHol memamuke, 0bmeH
uHgpopmayuel. B cucmeme 00mkHbI 6biMb pa3melljeHbl He MOMbKO nybnukayuu, NonyYeHHble U3 pasfiuyHbIX
UCMOYHUKOB, HO U pe3ynbmambi pabombi uccnedosamenel, yyacmeyruwux 8 npoekme, 8 4YacmHOCMU,
npednazaembie  UMU  MOOENU  UHHOBAUUOHHO20 — passumusi  npednpusmul, ompacnel, PeauoHos,
KOMUYeCmeeHHoU U KayecmeeHHOU OUEHKU ypOBHS UX UHHOBAUUOHHO20 pa3gumus 8 ycrogusx, ¢ OOHOU
CMOPOHbI, UHMezpayuu, a ¢ dpyaoll — ycuneHusi KoHkypeHuyuu. Ocoboe eHUMaHUe 8 npoekme ydensemcs
LICNOMb308aHUI0 COBPEMEHHbLIX UH(HOPMAaUUOHHLIX mexHonoauli 0nsi nposedeHus uccrnedosarul. lpoepammHoe
obecneyeHue nopmana ekmo4daem cpedcmea noucka UHGOPMauuu 8 Pasfiu4HbIX UCMOYHUKAX, ee
aHanumuyeckol obpabomku 8 coomeemecmsuu ¢ paspabomanHbimu memodukamu. LJocmyn k nopmarny 6ydem
obecneyeH 0ng  nonmb3osamenell  pa3nuyHbIX kamez20pul  (y4eHblx, npenodasamenel, cmydeHMos,
cheyuanucmos opeaHo8 enacmu u ynpaeneHus). lMepebit aman — co3daHue uccrnedosamerbCcko2o npomomuna
cucmembl.  [lepgoHa4anbHOE  HanofHeHue  npednazaemcsi  8bINOIHUMB  Ha  OCHOBE — Mamepuaros,
npedocmasneHHbIX ydacCmHUKaMu npoekma (8 yacmHocmu, Memoduka KOMNIEKCHOU OUEHKU UHHOBAULUOHHO20
passumusi peauoHa, 0CHO80U KOmopoU A8MSMCH 3KOHOMUKO-Mamemamudeckue MemoOb! u modesnu; mModerb
npedmemHol obracmu, NnOCMPOeHHasi Ha OCHO8e OHMOMO2Ul, uUcnonb3yemas OfiF noucka U aHanusa
OOKyMeHmo8 U daHHbIX; U np.).

Keywords: uHHOsayuu; M00enu UHHOBAUUOHHO20 pPa3gUMUS; OHMOMO_US; UHMeNIeKmyasnbHbIl Nouck;
aHanumuyeckasi obpabomka daHHbIx; Web-mexHonoauu.

ACM Classification Keywords: H. Information Systems. H.3 Information storage and retrieval: H.3.5 Online
Information Services — Web-based services; H.3.6 Library Automation — Large text archives.

Conference: The paper is selected from Seventh International Conference on Information Research and Applications —
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BBepeHue

MeqaneHHble TeMnbl PasBUTUSI MHHOBALMOHHOW AEeATENbHOCTM POCCUMCKOM SKOHOMWKW W CBSI3aHHblE C 3TUM
Heydaun BHEAPEHUS MHHOBALMOHHBIX MEPOMPUSITUA B 3HAYUTENbHOM CTeneHn oOyCrioBneHbl HeaocTaTkamu
CMCTEMbI aHanM3a MHHOBALMOHHOTO MpoLiecca Kak B LieNbIX CEKTOpax SKOHOMUKM W Tak B pamkax OTAEMbHbIX
XO3SNCTBYIOLLMX CYOBEKTOB.

BaxHbIM acnekToM ynpaBneHust KOHKYPEeHTOCNOCOBHOCTbIO N6 SKOHOMUYECKOH CUCTEMBI SIBNSIETCS HanM4me
HaZleXHbIX U KAYECTBEHHbIX NHCTPYMEHTOB OLIEHKM OCHOBHbIX MOKA3aTenei pasBuUTUS CUCTEMbI U AOCTUTHYTBIX
pe3ynbTaToB, BO3MOXHOCTb MX CPaBHEHUS! C ApyruMW CybbekTamu, a Takke BO3MOXHOCTb MOCTOSIHHOTO
KOHTPONS! AWHAMMKW 1 HanpaBneHUid U3MEHEHUs! KNKYeBbIX Nokasatenei passutus. Ocobylo akTyanbHOCTb
CINIOXXHOCTb MMEET OLIEHKa YPOBHS MHHOBALMOHHOI KOHKYPEHTOCNOCOBHOCTM.

B atux yCcnoBuaAX Hacyu.u-loﬁ 3afayen ABNAETCS MHTEerpauua B eauHoOM MHCbOpMaLl'VIOHHOM NPOCTPaHCTBE
MmerLmxca Mopdenen n MeToamk, ux cucrematusauna, BblaeneHne OCHOBHbIX rnokasartenen MHHOBALIMOHHOTIO
pas3BuUTKA, a TaKkKe onpeaenenne UHTerpanbHoro nokasatend, XxapakTepusyoLlero yposeHb MHHOBaLl'VIVI.



International Book Series "Information Science and Computing" 141

OpHol M3 3amay, TPeOyloLWMX peLieHns Ans AOCTUXEHUS MOCTABMEHHOW Lienu, SIBNSETCS CO3AaHue
WHCTPYMEHTapWsi [N NPOBEAEHUS WMCCMELOBaHMA MHHOBALWMOHHOTO Pa3BUTUS  PETMOHOB, anpobauum
paspabaTtbiBaeMblx Mogeneil n MeToauk. CroXHOCTb 3afauy onpedensieTcsl HeobXOAUMOCTbIO MHTerpaLuu
UCCneaoBaHuiA B 06r1acTv TEOPUM MHHOBALIMOHHOTO Pa3BUTUS W NPYMEHEHWS COBPEMEHHBIX MH(OPMALMOHHBIX
TEXHONOMI, YTO 06ECMEUUT BOMOXHOCTb peanu3aLiiv HOBbIX NOAXOAO0B K MCCrIef0BaHNSIM.

lMpoekT co3aaHns MccnefoBaTenbCkoro noprana  «MHHOBALMOHHOE pasBUTME PErMOHOB» HanpaBfieH Ha
pa3paboTky 1 anpobaumio NpoToTUNa MHPOPMALIMOHHO-aHANMTUYECKON ccTeMbl cbopa n 0bpaboTkn AaHHbIX 00
WHHOBALMOHHOM aKTUBHOCTW PErMOHOB AMNS MOLLEPKKNA MPUHATUS SPQEKTUBHBIX YNPABNEHYECKUX PELLEHN.
[laHHble Ons aHann3a W3BNEKAKOTCS M3 reTePOreHHbIX HECTPYKTYPUPOBaHHbIX WM CnaboCTpyKTypUpOBaHHbIX
NCTOYHWMKOB AaHHbIX, B YaCTHOCTK, Internet-pecypcos, a Takke onepaTtuBHbIX 6a3 AaHHbIX. CucTeMa JomkHa
obecneunBaTb WHTErpawuMio, COrMacoBaHWe, arperauuio W COMPOBOXAEHUE paHee Pa3pO3HEHHbIX AaHHbIX.
B paspabatbiBaeMon cucTeMe [OOMKHbI NOAAEPXKMBATHCA Pa3nnyHble (OpMbl BU3yanu3auuu [LaHHbIX 1
pe3ynbTaToB aHanu3a, HacTpauBaeMble B COOTBETCTBUM C NOTPEBHOCTSMY nonb3oBaTeneil.

CosfaBaemas UccriefioBaTenbckasi cucTemMa npefcTaBnsieT cobon UHCTPYMEHTApUIA KOHOMUYECKOTO aHanmaa
WHHOBALMOHHOM  [E€ATENbHOCTN  OTAEMbHbIX NOAPA3AENeHnd, OpraHu3auui, OGbeanHEHUA OpraHuU3aLlnn,
oTpacnei, pervoHo. MopTan [omkeH 06ecneynTb BO3MOXHOCTb KOMMEKTMBHOW paboTbl WccreaoBaTenei,
BO3MOXHOCTb anpobauuy npegniaraeMbix UMW MOZENeit U METOAMK OLEHKM MHHOBALWMOHHOTO pPasBUTUS W
NHHOBALMOHHOI aKTUBHOCTM.

UccnepoBanus no npoGnemaTMKe MHHOBALMOHHON AEeATENbHOCTU

ViccnegoBaHne  OTEYECTBEHHbIX 1M 3apybexHbIX MEeTOAMK OLEHKM WMHHOBALWOHHOMO MOTeHuuana u
WHHOBALIMOHHOM KOHKYPEHTOCMOCOBHOCTW NoKasarno 3HaunTenbHOe pacxoxaeHWe NoaxodoB, a Takke Hanmuyve
CYLLECTBEHHbIX HEOCTATKOB B CTAaTUCTUYECKO Base pacyeTos [1-4].

lMpexae Bcero, crneayet OTMETUTb, YTO B POCCUICKON TEOPWUM U NPaKTUKE OTCYTCTBYIOT W METOAONOMMYECKUI
noaxod, U METOAMKM OLEHKM WHHOBALMOHHOM KOHKYPEHTOCMOCOBHOCTA 3KOHOMUYECKUX CUCTEM. YPOBEHb
WHHOBALMOHHOCT OM3Heca paccMaTpyBaeTCs 4Yepe3 YPOBEHb WHHOBALWMOHHOW aKTUBHOCTU NPeanpusTUN,
KOTOPbIA, B CBOK O4vepedb, ONpedenseTcs uYepes MnokasaTerb YAEnbHOro Beca WHHOBALMOHHO-aKTUBHbBIX
npeanpuaTuii. pu 3TOM NOA  MHHOBALMOHHO-AKTMBHBIMM  MPEANPUATUSMIA  NMOHUMAIOTCS  OpraHu3aLym,
ocyLLecTBAsioWMe pa3paboTky ¥ BHeAPEHWEe HOBbIX WK YCOBEPLIEHCTBOBAHHBIX MPOAYKTOB, TEXHOMOrMYECKNX
NMPOLECCOB W MHble BWAbI WHHOBALMOHHOM OEATENbHOCTU. B 3aBUCUMOCTW OT YAEMbHOr0 Beca AaHHbIX
npeanpusaTi B 0BLIEM YWCrie NPeanpuaTUn OTPachK (CEeKTopa), OTEYECTBEHHbIE MCCNEQOoBaTeN roBopsT 06
YPOBHE WHHOBALMOHHON aKTUBHOCTW OTPACIN UK OTAENBbHOTO PErnoHa.

B 0TEYeCTBEHHbIX MCCMedoBaHUsIX MO MHHOBALMOHHOW mpobrnemaTtike Ans KONMMYECTBEHHOW U Ka4yeCTBEHHOM
OLEHOK YPOBHSI MHHOBALMOHHOM [OEATEeNbHOCTM MpeanpusTuii (DErMoHoB, CTpaHbl) NPUMEHSAKTCS Takue
nokasaTenu Kak: 4oNs MHHOBALMOHHOM NpoayKuun B 06LeM o6beme OTIPYXEeHHOM NpoayKuum; 0bbem 3aTpart Ha
nccnegoBaHus U pa3paboTky; yOerbHbIM BEC 3aTpaT Ha TEXHONOTMYeckue MHHOBaLMM B 06beMe MpogyKumuu,
OTTPYXEHHOW NPEeanpUATUSMM; KONMYECTBO BHEAPEHHbIX NPEAnpUSTUSMUA HOBbLIX TEXHOMOMWW; KONMYECTBO
CO3[aHHbIX MEepeaoBblX TEXHOMOTMI; 0N MHHOBALMOHHO-AKTUBHBLIX MPeanpusTMin B 0OLLEM KOnMyecTBe
npeanpusTuit u pag apyrux. OgHako BCe 3TW nokasaTenu paccmaTpyuBaloTCsl aBTOHOMHO, a WX B3aMMOCBS3b U
COOTHOLLUEHWNE OLIEHMBAOTCS TONbKO Yepes KaueCTBEHHbIE KAaTeropuut.

Takum 06pasom, rOBOPUTb O HanMYMM B OTEYECTBEHHO Hayke W MpaKTUKe KaKoW-nMBo LenocTHO U
OOLLENPUHSATON METOAMKNA OLEHKM WHHOBALMOHHOTO MOTEHUMANa M WHHOBALMOHHOM KOHKYPEHTOCMOCOGHOCTU
9KOHOMMYECKIX CUCTEM (B TOM YMCTe NPeanpusTUs) He MPUXOANTCS.

ViccnegoBaHue aHanornyHom 3apybexHon nuTepaTypbl Nokasano, YTo BONbLUMHCTBO NPUMEHSIEMbIX B Pa3BUTbIX
CTpaHax Mupa METOAMK OCHOBLIBAETCS B CBOWX pacyeTax Ha psge CXOXUX nokasatenen. Tak, B pamkax
METOLMKN ONpefeneHnsl MHHOBALMOHHOA KOHKYPEHTOCMOCODHOCTM OTpacnei W CEeKTOPOB  SKOHOMMKM,
ncnonbayemoir B EBponeitickom Cotose (EC), mpumeHsieTcs He mpocTasi npsmasi KONMUYeCTBEHHasl OLeHKa
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3HaYeHUs Kaxaoro hakTopa MHHOBALMOHHONM aKTUBHOCTU (Kak 3To [enaetcss B meToauke [ockomcrata), a
PACCYNTLIBAETCS MHTErpanbHbIA MokasaTerb, KOTOpbIii NpeacTaBnsieT coboil OBLMiA UTOr MHHOBALMOHHOI
pesTenbHocTu. B pesynbTate, ¢ nomowbto Metoaukn EC MOXHO npoaHanuavpoBaTh YpoBEHb MHHOBALMOHHON
aKTMBHOCTM HE TONMbKO OTAENbHOI OTpacrny, Hanpumep, kabembHOW, W CPaBHUTL C YPOBHEM Pa3BUTHUS
aHanormyHbIX oTpacnel B Apyrux CTpaHax MMpa, HO W OLEHWUTb MOMOXEHWE OTAENbHOTO NPEeanpUsTUS BHYTPU
oTpacn, OnpedenuTb HacKoMbko OTNMYAETCS ero YpoBEeHb OT MHHOBALWMOHHOCTM APYTUX NPEAnpUSTUA;
BbIAENMUTL Te (DaKTOpbl, KOTOpble SBMSKTCA OCHOBOMONaraloWyUMM AN oBecneyeHus pocTa  YPOBHS
NHHOBALMOHHOI KOHKYPEHTOCNOCOBHOCTH, a Takxke Te (DaKTOpbl, KOTOPbIE TOPMO3ST Pa3BUTIE NPEANPUSATHS.

OpHol M3 3ajay MpeLCTaBNSIEMOr0 MpoekTa sBNsieTcsl paspaboTka METOAMKM  KOMMMEKCHOM  OLEHKM
NHHOBALMOHHOTO Pa3BUTUS PErMOHa, UCTOMb3YHOLLLEN SKOHOMUKO-MATeMATUYECKIe U CTATUCTUYECKUE METOab! U
Moflenn Ha 6ase COBPEMEHHbIX MH(OPMALMOHHBIX TEXHOMOMN, NO3BONSIOLIEN ONPEAENUTL MECTO PEr1oHa
cpeau Apyrux cyGbekToB MHHOBALMOHHOW AEATENbHOCTY, BbIAENNTL CUMbHbIE W Criabble CTOPOHbI, COMOCTABUTL
MpeuMyLLecTBa 1 HeAOCTaTKM C OCHOBHBIMU KOHKYPEHTamM (3apyGexHbIMI 1 POCCHIACKAMM), CHOPMYNMPOBaTL
OCHOBHbI€ HarpaBeHnsi MHHOBALMOHHOTO Pa3BUTHS.

MpoBoaMMblE WCCMeaoBaHUst OOMKHbI MPOXoAuTb anpobauuto B onepaTMBHOM pexuMe. Heobxogumo
obecneunTb BO3MOXHOCTb MPOBEAEHUS aHANMUTMYEeCKon 06paboTkM NOMyvyaeMblX AaHHbIX, BU3yanuaauunm u
CPaBHEHWSI pe3ynbTaToB, MONYYEHHbIX HAa OCHOBE [AHHbIX, M3BMNEKAEMbIX W3 TETEPOreHHbIX MCTOYHUKOB.
Viccnegosatenn OMKHbI MMETL BO3MOXHOCTbL OMEpaTUBHO NoMy4aTb AOCTYN K MHopMaLMK, UMETL CPeAcTBa
ee noucka M nepeuyHON 0OpaboTkM. OTUMM BO3MOXHOCTAMM WX W JOMKeH obecneyntb CO34aBaeMbIi
1ccnenoBaTenbCKUin nopTan.

MHd)OpMauMOHHO-aHanMTquCKaH cucTema B UccnefoBaHMU MHHOBALMOHHON AeATENIbHOCTU

OauWH 13 OCHOBHbIX Pe3ynbTaTOB peanu3yeMoro npoekTa — 1ccrefoBaTensckasi CUCTeMa, OCHOBHas 3ajadva
KOTOPO — WHTErpauns paspabatbiBaeMblX WCCEAOBATENSMM MOAENENA, paHee Pa3pO3HEHHbIX AaHHbIX,
nomnyyYaemblx U3 pasnuyHbIX MCTOYHWUKOB B pasHbix hopMaTax (4aHHble onepaTuBHbIX CUCTEM, 06LLEeA0CTYNHbIE
KOMMEpYeckMe [AaHHble M MP.), B €OWHOM XPaHWIMLE, WX COrMacoBaHWe C [anbHemweid BO3MOXHO
aHanuTuyeckon obpaboTkon.

Cuctema JomkHa coaepkaTb CTAaTUCTUYECKME MOKa3aTenu, OTYETbl MO M3MEPEHMIO VHHOBALM pasnuyHbIMU
MeTOAMKaMK, Pa3nnyHOro BuAA NybnMkauuu B AaHHOM paspese W T.M. W UCMONb30BATHCSA AJ1S1 HAKOMMEHWS,
WHTErpaLuM M COMPOBOXAEHMS MHKOPMaLMN NO MHHOBALMOHHOMY pa3BuTMIO. VccnepoBaTenbckas cuctema
BOImKHa 06CNyxMBaTh CNOXHbIE 3aNpOCkl NOMb30BaTENEl kak Ha MOUCK HEOHXOAMMON MH(OPMALMK, TaK W Ha ee
BbIOOp 1 06paboTKy, MpUYemM [OMKHbI ObITb NPEeayCMOTPEHbI pasnnyHble Cnocobbl hopMMUPOBaHUS 3anpoCcoB,
[OCTYMHble M yaoOHble Ans nonb3oBaTens, SABMAKLWErocs CneuuanuctoMm B COOTBETCTBYIOLEN MPEeAMETHOM
obnactv. [ns npeacTaBneHWs pe3ynbTaToOB WCCMEAOBaHMA  HeobxoaWMbl CpeacTBa NPeAOCTaBNeHMs
WHopmauun B pa3nuyHbIX Gopmax (B Buge Tabnuy, rpadvkoB, AMarpamm, KapTorpaguyeckoro
NpeaCcTaBNEeHMs, TPEXMEPHOTO NPEACTABNEHS, @ TAKKE BU3yanu3aLmmn pasinyHoro Buga Moaenei).

MHCbOpMaLl'VIOHHaﬂ cuctema peanmsyetca Kak UCCneaoBaTenbCKuiA noptan, OCHOBHbIE 3a4a4n KOTOPOro:

1. ABTOMAaTWU3VMPOBAHHbIA MOWCK WCTOYHWMKOB AaHHbIX cpean  VHTEpHEeT-pecypcoB,  MOCBSLLEHHBIX
MHHOBALMOHHON [OEATENbHOCT OTAEMNbHBIX NOAPA3deneHuii U OpraHu3auuin B LieNioM, 06beanHeHni
OpraHu3auuii, 0Tpacrnemn u peroHoB, Ha OCHOBE CO3daHHbIX NONb30BATENSAMM 3aMpOCOB, CO3AABAEMbIX C
y4eToM crneuuduku npeamMeTHoM 06nacTi 1 ee Mogenen, Co3aaBaeMblx NOMb30BATENSMM.

2. VHTennekTyanbHblil aHanm3, knaccudukaLms 1 katanorusaumsi LOKYMEHTOB, MOMYYEHHbIX U3 Pa3nnyHbIX
reTeporeHHbIX UCTOYHIUKOB, 0becneyeHme yaobHbIX CPEACTB HaBuraLmmn Ans paboTbl ¢ HUMM.

3. W3BneyeHne gaHHbIX U3 NOoJTy4eHHbIX MCTOYHMUKOB C nocneaywmMm nx cornacosaHiem 1 pasmeLleHnem B
€ANHOM XpaHunuue AaHHbIX.

4. Ananutuyeckast 06paboTka fAaHHbIX, NOMELLEHHbIX B XpaHUMMLLE.
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5. TpepocTaBneHne JOCTyNa K XpaHWUnnLLy AaHHbIX nocpeactsoM ygobHoro Windows- n Web-uHtepdbelica,
C pasBUTON CUCTEMO BU3yann3aLmmn AaHHbIX 1 YAOBHBIM MHCTPYMEHTapMEM NOCTPOEHUS OTYETOB.

6. npe,ElOCTaBJ'IeHMe nonb3oBaTenam «I'IOpTCbeJ'IFl» 9KOHOMMKO-MaTEMATUYECKX MoJenen MHHOBaLl'VIOHHOIZ
0eATenbHOCTM C BO3MOXHOCTAMU pPedakTUPOBaHUA UMEKLUXCA B nopT(bene moaenei, pa3pa60TKM
HOBbIX MOZENEN NONb3oBaTENAMU 1 NMPOBEAEHNA S3KCNEPUMEHTOB Ha CO3[aHHbIX MOAENAX.

lMonb3oBaTenu MOryT UCNONb30BATh CUCTEMY ANS aHanM3a UMEIOLLNXCS AaHHbIX U MPOBELEHUS 3KCNEPUMEHTOB,
anpobauum NOCTPOEHHbIX MOZeNei 1 npeanaraemMblX MeToauk. PykoBoguTenu, aHanuTWkM W uccrnegoBaTtenu
MOryT UCMONb30BaTb CUCTEMY ANS aHanM3a apxuBHbIX U OnepaTuBHbIX AaHHbIX. OCOBEHHO BaXHa BO3MOXHOCTb
WHTEpnpeTauuy BaxHenwen nHgpopmaumn. KoHeuHas Lenb BHeApeHUst CUcTeMbl — 06nerynTb nonb3oBaTensm
JOCTYyN K HeobXxoaMMon WHGOpMaLMK C Lienblo AarnbHEeLWero UCnonb3oBaHus ee Ans NpUHSTUS pelleHui, a
TakKe BO3MOXHOCTb WX B3aUMOAECTBIS B XOAE UCCef0BaHNN.

Peanusauusa nccnegosarenbLCKoro noprana

Cospanne nopobHoOi cucTeMbl npegnonaraeT HeoOXOAMMOCTb MPUMEHEHUS| TEXHOMOMMA, MO3BONSIOLNX
co3pasatb rnbkue, AMHaMUYeCKk aaanTupyeMble CUCTEMbI C BbICOKOW CTEMNEHbI0 0BpaTHOM CBA3M, 4TO NO3BOMNUT
OCYLIECTBNSATL €€ ONepaTMBHYK HACTPOMKY Ha MEHSIoLMecs YCnoBus W cneuuduyeckne notpebHocTy
nonb3oBaTene pasnuuHbIX kateropui [5-6).

B obnacti nHopMaLMOHHbIX TEXHOMOTUIA BEAYTCS UCCNENOBaHNs B JaHHOM HanpaBeHuW, pesynbTaTbl 3TUX
WCCNEeaoBaHUiA  LIMPOKO NpefcTaBneHbl B Tpydax KOH(EPEHUMA pasnuyHOro YpoBHS. MccnepoBaHus
NOCBALLAIOTCA Kak TEOPETUYECKMM BOMPOCAM CO3AaHUst aaanTUpyeMblX CUCTEM, Tak U CO3AAHMI0 TEXHOMOMWA,
WHCTPYMeHTarbHbIX CpeacTB (MpuyeM CBOWCTBO afanTtauuv pacCcMaTpuBaeTCs Ype3BblYalHO LUMPOKO: OT
BO3MOXHOCTW HACTpOVKW MONb30BaTENbCKOr0 MHTEpgenca, reHepauuy 3anpocoB W [OKYMEHTOB Ha OCHOBE
¢opM, onpedensieMbix Momfb3oBaTeENeM, A0 BO3MOXHOCTY MOMHON  PECTPYKTYPU3ALMK, PEUHXMHUPUHTA
cuctembl). OpHako B HacTosliee BpeMs CyLIECTBYeT fWlb HECKOMNbKO MPOrpamMMHbIX  MPOAYKTOB,
YAOBNETBOPSIOLMX nepeyncneHHbiM TpebosaHusam (B yactHoctn, MetaCASE). B Poccun B HacTosiLee Bpems
NMPOMBILLMEHHbIX CUCTEM TAKOTO YPOBHS HE CYLLECTBYET.

[ina paspaboTku cuCTeMbl MpeniaraeTcsl MCnomnb3oBaTh TEXHOMOMAWM XPAHWMWLY [JaHHbIX, OnepaTUBHOM
aHanuTUYecko 06paboTkN W MHTENNeKTyanbHOr0 aHanM3a [AaHHbIX, Moucka M aHanu3a TEeKCTOBbIX U
cnaboCTPYKTYPUPOBAHHBIX MCTOYHUKOB AaHHbIX, BU3yamnbHOro aHanuaa [7-8]. AHanua AaHHbIX nmpeanonaraet
UCNONb30BaHNe 3KOHOMMKO-MATEMATUYECKNX, CTATUCTUYECKUX M IKOHOMETPUYECKUX MeTomdoB. [ns moucka
W3BMEYEHNS [AaHHbIX W3 TEKCTOBbIX W CnabOCTPYKTYpPUPOBAHHBIX WCTOYHUKOB MNaHUPYeTCsl MPUMEHSITb
CTATUCTUYECKME, OHTOMNOMYECKME METOAbI, a TakKe METOfbl Pacrno3HaBaHWsi, CTPYKTYPHOTO U CEMaHTUYECKOro
aHann3a TeKCToB.

[ns peanusauuu npoekTa NPUMEHSIETCS ONbIT NPOBEAEHHbIX paHee paboT, B YaCTHOCTM MO CO3AAHUI0 CPeaCcTB
pa3paboTkn AnHamuyeckn HacTpamBaeMbix Web-opueHTUpOoBaHHbIX cuctem [9].

CTpyKTypa uccreaoBaTenbCKoi CUCTEMbI MokasaHa Ha puc. 1.

OYHKUMOHNPOBAHWE CUCTEMbI OCHOBAHO Ha WHTEPMpeTauuy MHOTOYPOBHEBbIX MOZENen, MeTeAaHHbIX,
onwucbliBarowmx nHcopmaumoHHyto cuctemy (MC). Cpeactea MeTaMOAENMPOBaHS, CO30aHNS U pefakTUPOBaHNS
mogeneir WMC nossonstoT HacTpameath MC Ha MeHsiowmecs YCnoBust M noTpeBHOCTM Monb3oBaTenei.
MeTagaHHble pas3nuyHbIX YPOBHEN OMUCHIBAKOT CTPYKTYPbI LaHHbIX, MONb30BaTENbCKUIA MHTEPMENC N OCHOBHBIE
dyHkumm UC. N3meHeHne Mogenn BedeT K M3MEHEHUSM B (PYHKLMOHMPOBAHWW cUCTeMbI. HacTpoitka moxeTt
BbINOMHATLCA AWHAMUYECKM, B XOA€E AKCNyaTauum cuctemsl [5-6].

CpeactBa  WHTENneKTyarnbHOrO MoWcka AOKYMEHTOB, WX KaTanorusauuMum OCHOBaHbl Ha  MCMOMb30BaHWM
oHTOnorwit [7]. Kaxabiit nonb3oBaTtent MOXeT CO3AaTb CBOK MOAENb NpeaMeTHOW 06nacTn U COXpaHUTb ee B
penoauTapumn U1 BOCnonb30BaTbCA paHee Co3aaHHbIMM MOZENAMM NS NOUCKA MHAOPMALIMK, OTBEYALOLLEN Ero
notpebHocTaM. AT cpefcTBa 00ecneynBaloT He TOMbKO MOWCK WMHGOPMAUMW, HO W €€ KaTanornsauuio B
XpaHunuLe, yooOHble CPeaCcTBa HaBMraLmm o AOKYMEHTaM, U3BNEYEHNe JaHHbIX ANS aHanusa.
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Komnnekc aHanusa AaHHbIX OPWEHTUPOBaAH Ha pa60Ty C MHOroMepHbIM1 OaHHbIMU [8] [Monb3oBaTenu UMetoT
BO3MOXHOCTb CO3AaHMs COOCTBEHHbIX Mefeneil aHanusa AaHHbIX W reHepauum 0T4eToB, OCHOBAHHbIX Ha
NOCTPOEHHbIX Monb3oBaTeNAMM Mopaensx. Kaxablh  nonb3oBaTeSle UMEET BO3MOXHOCTb pa3p368TblBaTb
COOCTBEHHbIE MAKETLI OTYETOB W UCMONbL30BATb paHee Co3aHHble MaKeTbl.
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Puc. 1. Cmpykmypa uHghopmayUoHHO-aHanumu4eckol uccnedosamenbckol cucmembi

3aknioyeHune

Vcnonb3oBaHMe BO3MOXHOCTEN MCCNEeA0BaTENbCKOTO NopTana No3BOMMT He TOMbko nybnukoBaTb paboTbl No
TEOPUM VMHHOBALMOHHON SKOHOMWKM, HO W MPOBOAWTbL WX anpobaunio C WCMOnb30BaHWEM HAKOMMEHHOM
WHopmauun B onepaTuBHOM pexume. Kpome TOro, cpeactBa noptana obecnevat wccnepoBaTtenein
WHCTPYMEHTapueM [N WHTENMEKTyanbHOro noucka W aBTomMaTu3auun nepeuyHon 0bpaboTkn HGopMaumn B
COOTBETCTBMM C WX 3anpocamu. [lpegnaraemble CpeactBa B 3HAUMTENbHOM Mepe MO3BOMSHOT CHU3NTb
TPYAOEMKOCTb 3TOM paboThl, aBTOMATU3MPOBATL onepauun, Tpebytowme 6onblumx 3aTpaT BpemeHn. OTkpbiTas
apxuTekTypa nopTana ¥ MCnofb3yemble Ans peanu3auun TEXHOMOTUM NO3BOMAKT PacLUMpsTb BO3MOXHOCTY
noptana, €ro (pyHKLUMOHANbHOCTb, HacTpauBaTb MMELLMECS CPeAcTBa Ha NOTpeBGHOCTM mnonb3oBaTenen,
paboTaloLLMX B pasnnyHbIX NPpeaMeTHbIX 06nacTsx.

Pa3p363TbIBaEMble B XOA€ BbINOJIHEHNA NpoeKkTa mMoaenn U MeToauknm OUEHKM WMHBECTULMOHHOIO pasBUTUA
UMEKT CaMOCTOATENIbHOE Hay4YHOE W MNPaAKTUYECKOoEe 3Ha4vyeHue U MOryT ObiTb MCNONb30BaHbI Ha pa3nn4yHbIX
YPOBHAX ynpaBneHna.

WccnepoBatensckuit noptan, obecnevnBalowmin onepaTuBHbIM [OCTYN K maTepuanam B obrnactu Teopum
WHHOBALMOHHOIO pasBUTWS NPEANPUSTUIA, OTpacnen, PervoHoB, anpobauuio npeanaraeMblx UccneaoBaTensmu
MoZenei 1 MeTOAMK OLIEHKM, BOSMOXKHOCTb KOSNEKTUBHON paboTbl, NO3BONMUT aKTUBM3MPOBATL COTPYAHUYECTBO
B JaHHoI obnacTu.

I'Ipe,qnaraeMble Ana co3daHua CUCTEMbl TEXHOJTOMMYECKME peLleHna No3BONAKT afanTupoBatb CUCTEMY K
MeHArLWnUMca ycnosuam K I'IOTpe6HOCTFIM nonb3oBateneil, 4To rapaHTUPYET €€ XMBYYEeCTb, BO3MOXHOCTb
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pa3BUTUA. ot peweHna MorytT ucnonb3oBatbCA M And CO30aHUA MH(bOpMaLlMOHHbIX CUCTEM pPa3fin4HOro
Ha3Ha4yeHWA Ona Apyrnx npeamMeTHbIX obnacren.
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PABOTA C AHANUTUYECKUMM OTYETAMM B UCCNEOOBATENIbCKOM
NOPTANE “UHHOBALWOHHOE PA3BUTUE PETMOHOB”

MaBsen ManbueB

AHnHomauyus: PaccmompeHa apxumekmypa u 6asosble KoHuenyuu nodcucmemsi npedcmagneHusi om4yémos 8
npozpammHom komnnekce BiP. [pozpammubill komniekc BiP npedHasHayeH Onsi MHO20MEPHO20 aHanu3sa
OaHHbIX, NOMTy4yaeMbIX U3 2emepOo2eHHbIX UCMOoYHUKo8. OH no38osisiem ynpocmums pa3pabomky npunoxeHull
Business Intelligence. [MpoepammHbill Komnnekc BiP ekmodaem Habop 20mosbiX KOMNOHEHMOS, KOMOopbie
mMo2ym 6bimb UCNOML308aHbI NPU pa3pabomke npunoxeHul. B yacmHocmu, e komnnekce BiP peanusosaHa
nodcucmema npedcmagneHus omuyémog. B danHol pabome npugodumcs onucaHue amol nodcucmemb u
npumep eé ucnonb3osaHus npu paspabomke uccredogamenbcko2o nopmana ‘VIHHO8ayUOHHOE pasgumue
pPe2UOH08”.

Keywords: Business Intelligence, Bl, 6usHec-aHanus, OLAP, Reporting, cucmemsi noddepxku npuHsmus
peweHut, DSS, uHghopmauyLUOHHO-aHanumMuU4ecKue cUcmeMb|.

ACM Classification Keywords: H.4 Information Systems Applications: H.4.2 Types of Systems — Decision
support (e.g., MIS).

Conference: The paper is selected from Seventh International Conference on Information Research and Applications —
i.Tech 2009, Varna, Bulgaria, June-July 2009

BBeaeHue

MpoekT co3gaHus nopTana «MHHOBALMOHHOTO —pa3BUTUS  PErMOHOB»  pellaeT 3afady pa3paboTku
NH(OPMALMOHHO-AHANUTIYECKON CUCTEMbI, peannayioLLei cBop, XpaHeHue, NPefoCTaBneHe 1 aHanu3 AaHHbIX
006 MHHOBALMOHHOW aKTUBHOCTM PErvOHOB. [MpW peanusauui JaHHOTO MPOeKTa OAHO W3 BaXKHEWMX MecT
3aHMMaeT 3afjaya BuU3yanu3aumun AaHHbIX. JTa 3aaya 3aKnoyaeTcs B NPEACTABNEHUN AaHHbIX B YAOOHOI Ans
BOCTIpUATUS Monb3oBaTeneM (hopMe, NO3BONAILLENA «NOrpyauTbCs» B [JaHHble, paboTaTh C UX BU3yamnbHbIM
NPeACTaBNEHNEM, NOHSATb UX CYTb W BbISIBUTH CYLLECTBYHOLMNE 3aKOHOMEPHOCTY, CENaTh BbIBOAbBI 1 HANPAMYHO
B3aMMO/IENCTBOBATb C AAHHBIMM.

B paHHOi cTatbe NpuBOAWTCS OMUCaHWe Moaxofa K peLleHuio 3ajavn Bu3yanu3auuu AaHHbIX Ha OCHOBe
nporpammHoro komnnekca BiP (MHdopmaumio o komnnekce BiP MoxHO nonyuuts B [1]).

ApxuTtekTypa nogcucteMbl NpeAcTaBneHus oT4ETOB B cucteme BiP

Omuémom byfem HasblBaTb AOKYMEHT, COAEPXaHNE KOTOPOrO ANHAMUYECKN ONPEAENSeTCs Ha OCHOBE [aHHbIX,
copepxalumxcst B 6ase AaHHbIx. Ha puc. 1 cxemaTuyHo npeacTaBneH nyTb AaHHbIX 13 Basbl 4O TOro, Kak WX
YBUOWT NONb30BATENb Ha 3kpaHe B BUAe OTYETA. 1oCKOMbKY KOMMMEKC NONHOCTHI OPUEHTMPOBaH Ha paboTy ¢
MHO20MEpHbIMU OaHHbIMU, LaHHbIe AN OTYETOB BbIOMpAKTCA M3 aunepkybos. Bce OOCTyMHble runepkybbl B
cucteme BiP xpaHaTcs B kaTanore nokasartenei. Kartanor nokasateniel NOMHOCTBIO OTKPbIT, YTO NO3BONSET
pa3paboTunkam 1 Nonb3oBaTeNsaM UCMOMb30BaThb BCE AOCTYMHbIE r1NepKyob.

Mcnonb3oBaHue rnepkyboB B Ka4ecTBE UCTOYHWMKOB AaHHbIX 4SS OTYETOB B cucTeme BiP obycrnosneHo psgom
NPEUMYLLECTB:

— MHoromepHas mogenb B Haubonbluei CTeneHn yponeTBopsieT notpebHocTsm Business Intelligence
Bnarogapst CBOen BO3MOXHOCTU NOfTyYamb azpeauposaHHbie daHHbIE NO pasnuyHbIM 2pynnuposkam [1].
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— Peanusauus runepkybos B komnnekce BiP npeanonaraeT Hanuyue ceMaHmu4yecKo20 YPOBHS, KOTOPbIN
CKpbIBAET BHYTPEHHEID CTPYKTYPY Kyba W No3BONSeT Nonb3oBaTento onepuposames daHHbIMU 8 mepMuHax
npedmemHol obnacmu.

— lunepkybbl B cucteme BiP moryT cogepxaTb 8bMUCIUMBIE NOKa3amesnu; KPOMe TOro, MeHemkep
MaTeMaTUYecknx MOJEnen KoMnnekca peanu3yer BO3MOXHOCTb NOCMPOEHUS 8bMUCTUMBIX Ky608, YTO
pacLuMpsieT BOBMOXHOCTU CUCTEMBI.

WinForms WebForms Export
] o7
/ YpoBeHb
MakeT oT4éTa MakeTa oT4éTa
1T 1T
-~ -
HOTM HNA AHHoTauus
A
/ \ YpoBeHb
y v A 4 npeacTaBneHns oT4éTa
Cpes Cpes Cpes
TT Tt Tt
L5 ~~ L5
YpoBeHb
MHOMOMEPHBIX JaHHbIX

Puc. 1. Apxumekmypa omyéma 8 nodcucmeme npedcmagneHus 0m4émos

[ns kaxporo runepkyba, y4acTBYOLIEro B NOCTPOEHUM OTHETa, cTpouTcs cpes. Cpes Kyba npeacTtasnsieT coboi
06 BEKT PenosnTopusi, KOTOPbIA ONpeaensieT Habop hUKCMPOBAHHBIX M3MEPEHNI C YCTAHOBNEHHbIMI OTMETKaMMK,
a Ans KaXgoro OTKPLITOrO (He (PUKCMPOBAHHOIO) W3MEPEHUst OMPEeLensioTCs OrpaHNYeHUs Ha OTMETKY
(BO3MOXHOCTb MHOXECTBEHHOWM OTMETKM M paspelléHHble OTMETKW). [pyrMu crnoBami MOXHO CKadaTb, 4TO
cpes — 9T0 napamempu308aHHbIL 3anpoc K MHO20MePHOU b6ase daHHbIX.

B cucteme BiP Bce OTYETHI rpynnupyloTCs MO Kamasaozam om4yémog. B kaTanorax OTYETOB Kaxdbld OTYET
conpoBoXaaeTcss MemadaHHbIMU (AHHOTALMEN) KOTOPbIe MO3BOMNSIOT Pas3paboTuMKy YNpoCTUTb peanusaumio
noucka OTYETOB M pasrpaHNyeHne NpaB NOMb30BATENAM Ha OTYETHI.

Bce oTuéTthl B cucteme BiP umetoT mMHO20ypogHESY0 cmpykmypy, Kaxabli YPOBEHb KOTOPOW COOTBETCTBYET
onpegenéxHom ctenenn abetpakumn. CambiM NepBbIM SBNSIETCS YPOBEHb NPEACTaBNEHNUS OTYETA (puc. 1).
Ha yposHe npedcmagneHus omyéma onpegenstoTes:

— Cpesbl rvnepky6os.

— Habop omkpbimbix napamempos omyéma (HOMM). [aHHbin Habop npegHasHayveH ans 3agaHusi OTMETOK
BCEM OTKPbITbIM M3MEPEHNSIM BCEX CPE30B, Y4ACTBYHOLLMX B MOCTPOEHUM OTYETA, KPOME TOTO, 1151 KaXaoro
OTKPbITOrO MapameTpa ONpeaensieTcs 3HaYeHne No yMoNYaHuio.

— OcHoBHas 3agadya, CToslAs nepen OTYETamMW, 9TO BMU3yanu3auust OaHHbIX. [M03TOMY Ha ypoBHe
npeacTaBneHns O0T4éTa cTponTtcst Habop npedcmasneruti OanHbix (HIM). [ns kaxmoro npeacraBneHns
[aHHbIX ONPeaensioTcs cpesbl M cnocob Buayanuaauum (tabnuya, gnarpamma, rpadvk kapra u T.n.), XoTs
KOHKPEeTHble CBOWCTBa Kaxgoro crnocoba Bu3yanusaumu He onpegenswtcs. bubnuoteka cpeacts
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BM3yanu3auuy nporpaMmHoro komnnekca BiP oTkpbiTa Ans paclumMpeHus U MOXET ObiTb [ONONHEHa
HOBbIMM 3MeMeHTaMW. MMeeTcsl BO3MOXHOCTb OTOOPa3nTb AAHHbIE HECKOMbKMX CPE3aB B OAHOM
aneMeHTe BU3yanu3auun, HO NS 9TOro HeobXoaumo, yTobbl Cpesbl runepkyboB, HAa OCHOBE KOTOPbIX
MOCTPOEHbI Cpesbl, MMenu obLLMe U3MEPEHNS.

— [ng kaxgoro oTYéTa Ha ypoBHe NpeAcTaBneHus 3afaéTea aHHomayusl, KoTopas Npu3saHa NnoMoYb HanTu
HYXHbIA OTYET B kaTanore oT4éTOB. Kaxabli paspaboTumk MOXET MCMOMNb30BaTh B CBOEM MPUIOXEHUM
HECKOIbKO KaTarnoroB OTYETOB U B KXKOOM KaTanore onpeaenntb COBCTBEHHYIO CTPYKTYPY aHHOTaLMK, HO
BHYTPY OAHOTO KaTanora OTYETHI UMEOT OLHY W Ty KE CTPYKTYPY aHHOTaLMM.

Takum 06pa3om, Ha YpOBHe NpeaCcTaBNeHns OTYETa onpeaenseTcs, YTo byaeT oTobpaxatb OTYET.
Ha cnepytoliem ypoBHe Ha OCHOBE NPeCTaBNEHUs CTPOUTCS Makem omyéma.

MpencTaBneHne OTYETA SBNSETCA CAMOCTOSTENbHbIM OGBLEKTOM PEnosuTOpusi, 4YTO OAéT BO3MOXHOCTb
MOCTPOEHNSI HECKONbKMX MaKeTOB Ha OCHOBE OfHOMO MpeAcTaBneHust oTyéTta. Ha ypoBHE MakeTa OTYETOB
onpefensTCs  KOHKPeTHble cgolicmea cpedcme  eusyanusayuu OaHHbIX. Kpome TOro, onpedenstotcs
[ONONHUTENbHbIE OOBEKTHI, TakMe Kak Hafnucy M rpadmyeckue n3obpaxeHus. [Ns KaXagoro OTKPLITOro
napameTpa onpeaenseTcs ANeMeHT yNpaBneHus, KoTopblii ByaeT 3aaaBaTh 3HAaYeHWe aHHOTO NapaMeTpa, ero
CBOVICTBA pPa3Mepbl 11 pasMeLLieHue.

Takum 0Bpa3om, Ha YpoBHE MakeTa OTYETa onpegensercs, kak OygeT BoirnsgeTs OTYET. MakeT 0TYéTa, Kak U
npeacTaBneHne 0T4éTa, ABNSeTCs 06bEKTOM Peno3nTopus.

[ns Kaxpgoro makeTa BO3MOXHbl pasHble Cnocobbl NpeacTaBneHUs: OTYET MOxeT BbiTb oToGpaxéH B Web-
npunoxexun, Windows-npunoxeHun unu skcnoptupoBaH B AokymeHT PDF, 3a 70, kak 0TOBpasnTb OTYET,
OTBEYAET NPE3EHTALMOHHbIN YPOBEHb.

OTrensbHOro Moaynsl, 0TBEYAKOLLETO 3@ BECh KM3HEHHbIA LUK NOCTPOEHUS OTYETOB, B MPOrPaMMHOM KOMMIEKce
HET, BMECTO 3TOr0 8 pasHbiX MOOY/IsiX KOMNMeKca peanu3osaHbl OmOenbHble Yacmu nodcucmemb|
npedcmaeneHus omyémoe.

Mpexne Bcero, mMeHedxep MemadaHHbIX komnnekca [1] peanu3yeT cepsucbl no pabote ¢ obbekTamm,
y4acTBYIOLMMW B MOCTPOEHUM OTYETOB: CPE3bl, MapameTpbl OTYETOB, MPEACTABMEHWUS AaHHbIX, aHHOTALMM,
NpeacTaBneHns OTYETOB, CPEACTBA BW3yanu3auuu, MakeTbl OTYETOB. Pa3pabotumky npegocTaBnsieTcs
NPOrpamMMHbIit MHTEPGENC AN MaHUNYMPOBAHWS AaHHbIMM OO bEKTaMU.

MeHedxep cepsepa peannsyeT (DyHKUMOHAMBHOCTL MO BbINOMHEHWIO 3AMPOCOB HA MOCTPOEHME, CO3aaHue U
MaHUNYNMPOBaHKE OTYETaMN.

B 6ubnuoTeke roToBbIX KOMMOHEHTOB PEAnM3oBaHbl 3MEMEHTbI YNpaBMEHUs Kak NS PasNuuHbIX CPEACTB
BU3yanu3aLu, Tak U Ans BU3yann3aLnum OTYETOB B LiENOM.

HaBuraums no gaHHbIM noptana

OCHOBHbIM MCTOMHMKOM [AaHHbIX B NOpTane SBRSETCA Kamanoe nokasameneld. Karamor nokasatenen
npeactaenser coboit 6asy runepkyOoB (TEpMMH «runepkyb» B MOMb3OBATENbCKOM MHTEpdence He
NCMONb3yeTCsl, BMECTO 3TOr0 MCMONb3yeTCs MOHSATHbIA NONb30BATENIO TEPMUH «nokasaTenby). Mpu pabote ¢
nopTanoMm mnonb3oBaTenb WMeeT [OCTyn K KaTanory nokasaTteneit moptana M cnocobeH 3arpyxatb W
npocMaTpuBaTh [AaHHble MO WHTEPecylLWMM ero nokasatenam. B noprane peanusoBaHa KoHUenUus
nonb3osamernbCko20 nopmepens nokasamesed. lNonb3oBaTenbCkuini NopTdhens nokasaTenen — 3T0 KOMneKuus
CCbINOK Ha nokasaTenu u3 rnobanbHoro kaTanora, opmupyemasi camum nonb3oBaTenem: B nopTdens
nornb3oBaTeNlb NOMELLAET CCbIfIKM HA NokasaTenu, C KOTOpbIMU perynspHo pabotaeT, YTo nomoraet obneryntb
ero paboty, CokpaThB BPEMS Ha MOWCK.
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Kaxabiit nokasaTenb B katarnore COnpoBOXAaeTcst MHopMaumein 06 MCTOYHMKAX AaHHbIX, HA OCHOBE KOTOPbIX
Obln chopMMpOBaH 3TOT NokasaTenb, AaTe W BpeMeHu (hOpMUPOBaHWS NokasaTens, AaTe W BpEMEHW BHECEHMS
nocnegHux OOHOBMEHWIA; €CMM  NoKasaTenb SBNSETCA PerynspHo OOHOBMsieMbIM, TO [N nokasaTtens
YCTaHaBNMBAETCS SKOHOMMUYECKUIA KaneHaapb, B KOTOPOM OTPaXaeTcsl NePUOANYHOCTb OBHOBNEHWUA LaHHbBIX 1
nnaHupyemas fata crnegytowlero 06HOBNEHNs, a NoNb30BaTeNb MMEET BOIMOXHOCTb MOANNCATLCS Ha PaCChINKY,
B KOTOpOW Obl OTpaxanack MHopmaLust 06 0BHOBMNEHMSX UHTEPECYIOLLMX ET0 NOKa3aTenei.

CTaHﬂapTHbIM cpencTBom OT06pa)KeHVIFI [aHHbIX NoKasaTens aensetcs ceodHas mabnuya. CeoaHas Ta6nv|ua
ABNAETCA CaMbiM YHMBEpCanbHbIM CPEACTBOM nNpeactaBieHnss MHOrOMEpPHbIX AaHHbIX 6naronapﬂ CBOEN
BO3MOXHOCTU BbINOJNIHEHNA BCEX TUMNOB 3aNPOCOB K MHOTOMEpPHbIM AaHHbIM, TaKUM KakK:

1. 3anpoc “slice-and-dice” — cokpaLLeHue runepkyba nyTém ukcaLmuy YacTi UISMEPEHUIA.

2. 3anpoc “drill-down” — nony4yexne Gonee geTanbHbIX JaHHbIX NYyTEM YCTAHOBKW OTMETOK YacTh U3MEPEHNI
Ha Gonee HU3KMIA YPOBEHD.

3. 3anpoc “roll-up” — nonyyeHne arpermpoBaHHbIX JaHHbIX MyTEM YCTAHOBKW OTMETOK YacTi U3MEPEHWA Ha
Gonee BbICOKUIA YPOBEHb

4. 3anpoc “rotating” — nonyyeHue HOBOM rpynnNMPOBKM Kyba, NpeAcTaBnslowWeln AaHHble B yAobHOM Ans
nonb3oBatens opme.
HecoMHeHHbIM JOCTOMHCTBOM CBOAHON Tabnuubl Kak CPeACTBa BU3yanu3auuu SBMSETCS YHUBEPCANbHOCTb U
mbkocTb. C Apyron CTOpOHbI, MCMONb30BaHWe CBOAHOW Tabnuubl TpebyeT OT nonb3oBaTens onpesenéHHoro
YPOBHS! MOArOTOBKM, NO3TOMY 60MBLUIMHCTBO NOMb30BaTENEN NPEANOUTYT paboTaTh C rOTOBLIMIA OTYETAMM.

Pabota ¢ oTyétamu B noprane

B nopTane nonb3oBatento A0CTYNHO Cpady HECKOMNbKO KaTaroros OTYETOB:

1. nobanbHbill KaTanmor OTYETOB, KOTOPbIM (DOPMUPYETCA aHanuTMKamu nopTana U JOCTYNeH BCEM
nonb30BaTensM.

2. JluyHbIl kaTanor 0TYETOB hopmmpyeTcs nonb3oBatenemM. OTYETHI B JaHHOM KaTanore paspabaTthiBaioTcs
camuM nonb3oBaTeNeM Ha OCHOBE AaHHbIX W3 rnobanbHOro katanora nokasartenen. [aHHbli katanor
[OCTYNEH TOMbKO AN CAMOro NONb30BaTens.

3. [lybnu4Hble KaTanory Monb30BaTeNbCKMX OTYETOB (HOPMUPYIOTCA, KOFda YacTb CBOWMX OTYETOB
nonb3oBatenb MoxeT onybnukoBatb ANS  ApyruX nonb3oBaTeneit noptana. Batom cnydvae
nonb3oBaTenem hopMupyeTcs MyGnMYHBIN KaTanor OTYETOB, KOTOPLIN MOXET ObITb OCTYNEH ANS APYTUX
nonb3osateneit. Kpome Toro, OTYET Mocrne COOTBETCTBYHLLEN NPOBEPKM W MPY XENaHMM NONb30BaTeNs
MOXeT ObITb MOMELLEH B rmobanbHbIi KaTanor oTYETOB.

OTyérB noptane npeacrasnget coboi OOKYMEHT, COCTOﬂLLLVIVI 13 cnegyumx anemMeHToB:

1. Cmamuyeckue 37eMeHmbl, T.6. 3NEeMEHTbI, COAEPXKUMOE KOTOPbIX HE 3aBUCUT OT [aHHbIX. K Takum
ANIEMEHTaM OTHOCATCA KapPTUHKW, Haanuch U 3aronoBku.

2. 3nemeHmMbI gu3yanu3ayuu 0aHHbIX — ANEMEHTbI, COLEPXMMOE KOTOPbIX 3aBUCUT OT AaHHbIX U3 KaTanora
nokasatenen. K Takum anemeHTam OTHOCATCS: Tabmuupl, rpachuky, kapTbl, Marpammbl. Mpu pasMeLLeHnmn
9NEMEHTOB BU3yanu3aunn 4ns Kaxaoro aneMeHTa ykasblBaeTcs nokasaTerb, AaHHbIe KOTOPOro JOMKEH
otobpaxaTb 9MeMeHT. YacTb 3neMeHTOB Bu3yanu3auuu CrnocobHbl oTobpaxaTb [AaHHble cpasy
HEeCKONMbKMX MokasaTenei, B 3TOM Cryyae yka3blBaeTcs rpynna BU3yanuaupyemblx nokasatenen. [ns
KaXgoro nokasartensi ouUkCUpyroTcs OTMETKM M3MEPEHUIA, Ha OCHOBE KOTOPbIX BydeT chopMuUpoBaH cpes
runepkyba.
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3. Tpyn pa3meLLEeHnM SNEMEHTOB BU3yanusaLym Ans YacTi U3MepeHuit nokasatenen oTMEeTKM MOryT BbiTb He
3a0aHHbl, ANS TakuX U3MEPEHUN B OTYETE Pa3MELLAOTCS arleMeHmbl ynpaeneHus, 3adaoujue 0aHHble
ommemku. Ha aTane npoeKkTMpOBaHMS OT4YéTa Monb3oBaTeneM OnpedenseTcss NpuUBsA3Ka AaHHbIX
9NEMEHTOB K KOHKPETHbIM W3MEPEHWSIM KOHKPETHbIX Cpe3oB. B kayectBe nopfobHbIX 3MEMEHTOB
YNpaBneHus, Hapsidy C TPaaWUMOHHbIMK CMUCKaMK M MepekntovaTensMn MOryT BbICTynaTb U Apyrue
areMEeHTbI BM3yanu3aumu, Hanpumep kapta, oTobpaxarollas JaHHble HEKOTOPOro fokasaTensi, MOXeT
(hUKCMPOBATL HaxaTWsi MONb3oBaTeNeM MbllM B CBOEH obrmactu fnisi nomnyyeHust Gonee AeTanbHoI
NHGhopMaLMK Mo BbIGPaHHOMY Ha KapTe PEervioHy.

I'Io,unepx(l(a OT4ETaMK OTKPbITbIX NAapaMeTpoB Aenaet UX NHTePaKTUBHbIMW, HArmAaAHbIMW U NO3BONAET n3baBuTb
4acTb NOMb3oBaTeseit 0T UCMNOMb30BaHMS CNOXHBLIX CBOAHbIX TaﬁﬂMLl,.

3akniouyeHue

B paHHOM cTaTtbe onucaHbl apxuTekTypa M 6asoBble KOHLENUMW NOACUCTEMbI MPEACTaBneHnst OTYETOB B
komnnekce BiP. [laHHbI KOMMNEKC npeanaraeTcs MCMonb3oBaTh B KayecTBE MOACUCTEMbI MpK paspaboTke
nccnenoBaTenbckoro noptana «/HHOBALUWMOHHOE pasBuTME perMoHoBy». CyLIECTBYIOT pasfinyHble METOAMKM
OLEHKM WMHHOBALMOHHOW aKTUBHOCTM, pas3BUTUSI pervoHoB. PaspabaTbiBaembli nopTan [OMKEH MOMOYb
nccnenoBaTensm U3y4nTb U CPaBHUTL 3T METOAMKMA, NONPoBOBaTb NPUMEHNUTL UX Ha MpaKTuKe. PelueHne aToi
3apaun TpebyeT peanusauun rmbkMX CPeACTB HACTPOMKM, MPeLOCTaBMEHUs MONb30BaTENsM BO3MOXHOCTH
paboTbl B TEPMUHAX UX NpeaMeTHON obnactu. [aHHble ans aHanusa cobupatoTcs U3 pasfUyHbIX UCTOYHWKOB,
yTO JenaeT 3ajady WX aHanusa W Bu3yanusauuu ewe Gornee BaXHOW U CMOXHOW. OnMUCaHHbIE KOMMOHEHTLI
WHTErpUpYyITCS CO CPEeACTBaMM Moucka, Knaccudgukauum u katanorusaumy OKYMEHTOB, WX aHanu3a C Lenblo
U3BIEYEHNS NOMNE3HON UHopMaL.
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CUCTEMA UHTENNEKTYANbHOIO NOUCKA, KNACCUDUKALIUA
W PEOEPUPOBAHUA OOKYMEHTOB ANA UHTEPHET-NOPTANA

BsiyecnaB JlaHuH

Abstract: B cmambe npedcmagnieHo onucaHue npednonazaembix nodxo0oe8 K peanusayuu nodcucmemsl
obpabomku uHgopmayuu Ha MHmepHem-nopmane. OcHO8Hble NnpPobremMbl C8S3aHbl C KCNOHEHUUasbHbIM
pocmom yucna OOKyMEHmOo8, OMCymcmeuem CeMaHmu4yeckoeo UHOEKCUPOBaHUSI U HeCmpyKmypupo8aHHbIM
xapakmepom  uHgbopmayuu. [lpu  peanusayuu npednazaemoz0 nodxoda nonb3ogamenb  NoMy4yaem
aghhekmugHble  UHMennekmyanbHble — cpedcmea  noucka  3MeKMPOHHbIX  OOKYMEHMO8 Ha  OCHOBe
ceMaHmu4eckol uHOeKcayuu, asmomMamu4yeckol —Kmaccugpukayuu U Kamanoausayuu OOKyMeHmos ¢
NOCMPOEHUEM CEMaHMUYECKUX cgasell Mexdy HUMU U agmomMamu4yecko2o pegepuposaHus AOKyMEHmMos ¢
ucnonb3osaHuem 3HaHul. 3OgpekmusHocmb pabombl ¢ 3NEKMPOHHbIMU  OOKyMeHmamu npednazaemcs
3HaYUMesTbHO y8enuyumb 3a cYem Ux UHMesTIeKmyanbHo20 aHanu3a, 0/l KOmopo2o NPUMEHSKMCS a2eHMHbIU
u oHmornoau4eckuli nodxodbl. B coomeemcmeuu ¢ npednazaembiv no0XodoM OHMOMO2US Uchonb3yemces Ons
onucaHusi ceMaHmuku AaHHbIX QOKyMeHma u e20 cmpykmypbl. B npouecce aHanuda AoKymeHma OHMO02us
A6719emMCA  UeHmparnbHbIM noHsimueM — 61a200apsi UCNOMb308aHUK OHMOMo2Ul U3 OOKyMeHma MOXHO
nony4ume mpebyembie OaHHbIe: U38ECMHO, 20€e uckamb OaHHbIE U Kak OHU MO2ym Bbimb UHMEPNPEMUPOBaHbI.
Penosumaputi oHmonoaull codepxum mpu yposHs OHMO02Ul: Ha NeP8OM yPOBHE PachOoXeHbI OHMOI02UU,
onucbigaroujue 0b6beKMbI, UCNOMb3yeMble 8 KOHKPEMHOU cucmeme U y4umblealoujue ee 0COobeHHOCMU; Ha
8MOPOM 8 MepPMUHax 06BLEKMO8 NEPBO20 YPOBHS ONUCHIBAOMCA 0OBEKMbI, UHBAPUAHMHbIE K NPeOMemHou
obnacmu; 0bbekmbl mpembe20 yYpOo8HS onuchisalom Hauboree 0bwue NOHAMUS U aKCUOMbI, C NOMOWbIO
KOMOpbIX onuckigarmcsi 06beKMbI HUXKEeNexXalwux ypogHed. Tpemuli u 8mopoli yposHU MOXHO pa3denums Ha
dse cocmaensowue; onucaHue Cmpykmyp U onucaHue camux OOKyMeHmoe.

Keywords: oHmonoeusi, azeHm, Mynbmua2eHmHble CUCMeMbl, UHMeNnekmyanbHbIli NOUCK, ceMaHmMu4yeckoe
uHlekcuposaHue, aHanus doKyMeHmos, adanmupyembie UHGopMayUoHHbIe cucmembl, CASE-mexHonoaus.

ACM Classification Keywords: H.2 Database Management: H.2.3 Languages - Report writers;
H.3.3 Information Search and Retrieval — Query formulation.

Conference: The paper is selected from XVt International Conference "Knowledge-Dialogue-Solution” KDS 2009,
Varna, Bulgaria, June-July 2009

BBeaeHue

OKCMOHEHUManbHbIA POCT KONMMYECTBA SMEKTPOHHbIX [OKYMEHTOB, HabmiodalowmMidics B HacTosillee Bpewms,
HarnsAHoO NoKasbIBaeT, YTO TPAANLIMOHHbIE MeXaHW3Mbl 06paboTKN ANEKTPOHHBIX AOKYMEHTOB He CrpaBnsitoTCs
C NOTPEBHOCTAMM NONb30BaTENs. JTa TEHAEHLUMS 3aMETHA Kak B CETU VHTEPHET, TaK 1 B KOPNOPATUBHbIX CETSX.
B HacTosilee Bpemsi Bce GonbLLy0 NOMyNsSPHOCTL NpUOBPETaloT Tak HasbiBaeMble MHGOPMALMOHHbIE MopTarbl
(TEeMaTUYECKNE U KOPMIOPATUBHbIE), OCHOBHAS LIEMb KOTOPbIX KOHCONMAALWS MHOPMALN W 3HAHWIA.

OfHUM 13 Taknx peLueHni SBNSeTCS UCCNeaoBaTeNbCKAM NopTan — MHGOPMALMOHHO-aHaNUTUYeCckas cuctema
cbopa ¥ aHanutyeckon 06paboTkM [aHHbIX 00 MHHOBALMOHHOW AKTWBHOCTU PETMOHOB AN NOALEPXKKM
NPUHATUS 3 (EKTUBHBIX yNpaBneHYeckux pellerui («MccnegoBartensckuin noptan "IHHOBALMOHHOE pasBuThe
pernoHoB"»). [laHHble AN aHanuW3a  U3BMEKaTC W3 TEeTEPOreHHbIX  HECTPYKTYPUPOBAHHBIX  WMK
CNaboCTPyKTYPUPOBAHHbLIX UCTOYHMKOB AaHHbIX, B YaCTHOCTM, MHTEpHET-PECYPCOB, a Takke onepaTuBHbIX 6a3
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JaHHbiX. [lo  3ambicny cuctema [omkHa obecneuvBaTb  MHTErpauwio, COrnacoBaHWe, arperauuo U
COMPOBOXAEHWE paHee pasbedMHEHHbIX AaHHbIX, NOAAEPXMNBATb PasnnyHble hOpMbl BU3yanu3aLmn AaHHbIX W
pesynbTaToB aHanusa, HacTpaMBaemble B COOTBETCTBMM C NOTPEBHOCTAMM nonb3oBatenen. U3 atoro cnegyer,
4TO Nomck 1 0bpaboTka HECTPYKTYPUPOBAHHBIX TEKCTOBbLIX AaHHbIX, MOy4YaeMblX U3 PasiNyHbIX UCTOYHWUKOB B
pasHbIx hopmaTax, CTaHOBUTCS OOHOM 3 OCHOBHbIX (OYHKLMI pa3pabaTbiBaeMOon CUCTEMBI.

Takum o6pa30M, aKTyanbHOCTb 3afa4yu Bbl3BaHa CrieayoLWnmMm npudnHamu:

— 3KCMOHeHLMarbHbIi POCT YKCTa JOKYMEHTOB, AeNatoLynii HEBO3MOXHON 06pabOTKY AaHHbIX
TPaAMLMOHHBIMKM MeToamu Ges noTepu KayecTsa;

— OTCYTCTBWE CEMaHTUYECKOrO NHAEKCUPOBAHWS, YTO HE NO3BOSISIET NPUBOANTL UHTENNEKTYamNbHYHO
00paboTKy LOKYMEHTOB B NONHOM 00BbEME;

— HECTPYKTYpPUPOBaHHBIA XapakTep MHAOPMALM, HE NO3BONSIOLLNA NPUMEHUTL TPAAULIMOHHBIE
MexaHu3Mbl ee 06paboTkuM 1 aHanuaa.

PaccmoTpumM nepeyncneHHble npobremsl 6omnee nogpobHo.

OKcnoHeHyuanbHbIl pocm obbema UHhopmayuu, CoOaepxaLlencs B MHTepHeTe, ABIsieTCs NpuumMHom Bee bonee
1 Bonee BO3pacTalollen TPYAHOCTU MOWCKA HEobXOOMMbIX OOKYMEHTOB (pwcC. 1) M OpraHu3auu wx B Buae
CTPYKTYPUPOBAHHBIX MO CMbICTY XpaHunuLy [6]. Monb3oBaTtento CTaHOBUTCS BCe TpyAHee HalTu Heobxoanmyo
WH(OpMaLIO, TPAAMLIMOHHBIE MEXaHU3MbI MOMUCKA OKa3bIBaKOTCS ManoadgeKTUBHLIMA.

I Onmeea maccusa go 1000 aokyMeHTOB

. Onwunna maccuea go 1000000 gokymeHToB

L.
|--

™ |
fl

& XBOCT® MOXKET COfIOPXATE A0 80%
peneBaHTHLIX OTBETOB

BepoATHOCTL NONA4aHUA peneBaHTHbIX
AOKYMEHTOB B CTPOKY CMMCKA OTBETOB

10 106G 1000 10000
MopAAKOELIA HOMEP CTPOKW B CIIUCKE OTBETOB

Puc. 1. Mpobnema noucka uHghopmayuu npu pocme yucna doKymeHmos

BonbwnHCTBO TexHonoruim paboTbl C AOKYMEHTAMM OPUEHTMPOBAHbI Ha OpraHu3auuto yaobHon paboTbl €
WH(opmMaLmen ans venoseka. Ho 3avacTyto MeTogsl paboThbl C 3NEKTPOHHON MHGhOpMAaLMeil NPOCTO KOMMpoBanm
MeTogbl paboThl C «ByMaXHOM» WHGOpMaLMen. B TEKCTOBOM pedaKkTope NpUCYTCTBYIOT LWMPOKUE BO3MOXKHOCTM
(hopMaTMpOBaHUs TekcTa (NpeacTaBneHus B yAobHOM Ans YenoBeka BUAE), HO MPaKTUYECKW OTCYTCTBYHOT
BO3MOXHOCTW [N nepefayn CMbICIOBOTO COAEPXaHWs TekcTa, T.e. omcymcmsyem CeMaHmuyeckoe
uHOexkcuposaHue. [ns  aPPEKTMBHOrO pelleHns 3ajavm noucka HeobXOAMMO paclmpuTb  NOHATME
TPaANLMNOHHOMO JOKYMEHTA: ¢ OOKYMEHMOM HeobX00UMO c8si3amb 3HaHUST, NO3BOMAWUE UHMEpnpemuposams
u obpabambigams XpaHsaWUECA 8 3mom AoKymeHme AaHHbIe.

HecmpykmypuposarHasi UH(bOpMayus COCTaBNSIET 3HAYUTENBHYK YacTb  COBPEMEHHbIX 3NEKTPOHHbIX
JokymeHToB (puc. 2). Cuctembl knacca Data Mining paboTatoT CO CTPYKTYpPUPOBaHHbIMK JaHHbIMK, a Ans
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paboToN C HECTPYKTYPUPOBAHHBIM KOHTEHTOM UCMonb3ytoTes cuctembl Text Mining. ®akTnyecku OHM pewsaoT
OOHY W Ty Xe 3ajavy Ans pasHblX TUMOB JaHHbIX, MOSTOMY NpeanonaraeTcs, YTo 3TW CUCTEMbI COMOYTCS B
«OHOW TOYKEY.

Mpesentagnen; 7.50% B CTpYRTYPHPORZHHGII
TERT: &, 50%

B MaoBpamciua; 7,20%.

B [paduueckue dains;
6,50%
B POF-daiae; 10,00%
] Undpoebiz
otorpadwe; 5,10

Hannkie,
naen=kaemnuie 13 B
12,90%

B CAD-pann.;
A,30%

B Bugen; 3,602

B HeopykiypapuBdHHBE
ToneT; 28,40%

B Aynuodaing; ZE,IZ)[B'«‘

B Flasl-anvmaups;
2,30%

Puc. 2. PacnpedeneHue kameaopuli dokymeHmos

Text Mining — 370 anropuTMUYECKOe BbISIBNIEHUE NPEXAE HEU3BECTHbIX CBA3EN U KOPPENALU B YxXe MMEILLMXCS
TEKCTOBbIX [aHHbIX [5]. BaxHas 3agaya TexHonorn Text Mining cBsizaHa C W3BIEYEHMEM U3 TEKCTa €ero
XapaKTepHbIX 3NIEMEHTOB UIi CBOWCTB, KOTOPble MOTyT UCMOMNb30BaTbCS Kak MeTagaHHble JOKYMEHTa, KIo4eBbIX
CnoB, aHHoTaumin. [lpyras BaxHas 3agaya COCTOMT B OTHECEHWM OOKYMEHTa K HEeKOTOPbIM KaTeropusm 13
3afjaHHoN cxeMbl UX cuctematmsaumm. Text Mining Takke obecneumBaeT HOBbLIN YPOBEHb CEMAHTUYECKOTO
noucka [OKYMEHTOB. BO3MOXHOCTU coBpeMeHHbIX cuctem Text Mining mMoryT npuMeHSITLCA Npu ynpaBneHuu
3HaHWAMW 4715 BbiSiBNEHMs LWABMOHOB B TEKCTe, ANA aBTOMATUYECKOrO «BbITANKMBaHUS» WU pasMeLLeHus
WH(OpMaLMK MO MHTEPECYIOLLMM NONb3oBaTENEN NPodunaMm, cosnasatb 0630pbl JOKYMEHTOB.

PeanusoBaTb WHTENMEKTyanbHble BO3MOXHOCTW nopTana npu paboTe C  3NEeKTPOHHbIMKU - LOKYMEHTamu
NNaHWpyeTCs 3a cYeT peanusauumn cpeacts U nogxogos Text Mining.

Mopaxop Kk CeMaHTU4eCKOMY UHAEKCUPOBAHUIO

Ha pesynbTaTvBHOCTb npouecca noucka HeOoOXOAUMbBIX [OKYMEHTOB OKasbiBaeT OOnblUoe BRMsSHWE U
YenoBeyveckui (hakTop: 3a4acTyld NOMb30BaTeNb He FOTOB K AOArOMY OXWAAHWKO pe3ynbTaToB MOMCKA, K
npocMoTpy W aHanusy 6Gonblworo obbema pesynbTupytowlen Bblbopkn. Kpome Toro, 60MbLUMHCTBO
nonb3oBateneit HeahEKTMBHO MCMONb3YIOT MOWCKOBOE NporpamMmHoe obecrneyeHne W, Kak NpaBuio, OHM
UrHOPUPYIOT pacLUMPEHHbIEe MOUCKOBbIE BO3MOXHOCTM W OrPaHUYMBAIOTCS KOPOTKAMMW TUMOBLIMU 3anpocamil.

[Ana nosblweHns 3dhdhekTMBHOCT 0BpaboTKM 3NEKTPOHHbIX LOKYMEHTOB TpebyeTcs Hammuus MeTafaHHbIX,
ONMWCLIBAIOWMX CTPYKTYPY W CEMaHTUKy [OKYMEHTOB. OpHUM M3 BO3MOXHbIX MOAXOAOB K OMUCAHMIO
WH(OpMaLWK, 3an0XeEHHON B JOKYMEHTE, SBMSIETCA NOAXOA Ha OCHOBE OHTOMOrMI. [1og OHTOMNOrMEN NOHMMaeTCs
0asa 3HaHWN cneynanbHoOro Tuna, KOTopasi MOXKET «4MTaTbCA» W MOHMMATLCS, OTYYXAATbCs OT paspaboTumka
niunu usndyeckn pagensTbes ee nonb3osatensmu [4].

B kayecTBe noaxoga k CEMaHTUYECKOMY MHAEKCUPOBaHMIO Bbin BbiGpaH OHTONOMMYeckuii noaxog [1], B koTopom
OHTOMNOrMS MOXET ONKUCbIBaTb Kak CTPYKTYPY, Tak U CofepaHne AOKYMEHTa, T.e. OHMOsI0_us ucnosb3yemces 0ns
onucaHusi cemMaHmuku OaHHbIX QOKyMeHma u €20 Cmpykmypbl. Y4nTbiBas Cneunduky pellaemblx B LaHHOM
paboTe 3azay, KOHKPETU3MPYEM MOHSATME OHTOMOrMM: OyAeM CuuTaTh, YTO OHMOMO2US — 3MO cneyucbukayus
Hekomopol npedmemHol obracmu, koTopasi BKMoYaeT B cebs crnoBapb TEPMWHOB (MOHATWN) NPeaMETHOM
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06racti u MHOXECTBO CBSA3E/ MEXJY HUMW, KOTOPbIE OMKCHIBAIOT, KaK 9TW TEPMMHbI COOTHOCATCS MeXay coboi
B KOHKDPETHOI npeaMeTHOW obnacti. PakTUdyecku B OAHHOM KOHTEKCTE OHMOMI02US — 3MO uepapxuyeckas
noHsimutiHass 0CHoB8a paccmampusaemoll npedmemHoli obnacmu.

OHTOMOrMS JOKyMEHTa 1Cnonb3yeTcs 4N aHanuaa JOKYMEHTOB, Bnarofaps e 13 JOKyMeHTa MOXHO NOMy4nTb
Tpebyemble [AaHHble: M3BECTHO, FAE MCKaTb AaHHbIE U KaK OHW MOryT ObiTb WHTEPNpeTMpoBaHbl. Ecnm
NPeACTaBnsATb LOKYMEHT C MCMONb30BAHWEM OHTONOMIA, TO 3adava COMOCTABMEHMS OHTOMOTMM 1 UMEIOLLErocs
JOKYMEHTa CBOAWTCS K 3afaye noucka NOHATUI OHTONOTMM B fokymeHTe. Kak cneacTaue, cucteme Heobxogumo
OTBETUTb Ha BOMPOC: OMWUCbIBAET MW AaHHAs OHTOMNOTUS AOKYMEHT MAM HeT. Ha nocregHuid BOMPOC MOXHO
OTBETUTb YTBEPAWTENbHO, €cr B MPOLecce COMOCTaBMEHUs B AOKyMeHTe Obinn HaigeHbl BCe MOHSATUS,
BKIIOYEHHbIE B OHTOMOMMI0. TakuM 0bpa3om, NcxoaHas 3afada CBOAMTCA K 3adade noucka B TEKCTe JOKYMEHTa
00X NMOHATUI HA OCHOBE (POPMAbHbBIX ONUCAHMIA.

Penoautapuii OHTONOMAI COAEPXUT MPU YPOBHS OHMOMo2uUl. Ha NepBOM YpOBHE PaCMONOXEHbI OHTOMOrUM
OnucbIBatLLMe 06BEKTI, UCMOMb3yeMble B KOHKPETHO! CUCTEME U Y4NTbIBAKOLLME ee 0COOEHHOCTU. Ha BTopoMm
YPOBHE OMUCLIBAKOTCS OOBEKTHI, MHBApWaHTHbIE K npegMeTHon obnactn. O6bEeKTbl BTOPOrO  YPOBHS
OMUCLIBAKOTCA B TEPMMHAX ODBEKTOB MEPBOTO YPOBHS. ATO BbIpAaXaeTCs B OTHOWEHUSIX HAcnedoBaHUs W
MepoHumMun. OOBEKTHI TPETHETO YPOBHSI OMUCLIBAOT Hanbonee OOLME MOHATMS 1 aKCUOMbI, C MOMOLLbHO
KOTOPbIX OMUCHIBAKOTCA OOBEKTBI HIKENEXaLMX YPOBHEN. TPETUil U BTOPON YPOBHU MOXHO pasfenuTb Ha ABe
COCTaBNAKLIME: ONUCaHWe CTPYKTYP M OMUCaHWe Camux AOKYMEHTOB, MpuYeM LOKYMEHTbI OMUCHIBAOTCA B
TEPMUHAX CTPYKTYP.

Ons peweHns npobrnembl BblgeneHns OBLWMX NOHSTWA Ha OCHOBe (DOpMarbHBIX OMUCAHWIA MpeasaraeTcs
areHTHbIn nogxopd [2]. OaHHbin nogxon OyneT ynoBneTBOpATb TpebGOBaHMAM, NpedbsBASEMbIM K MPOLeccy
noucka, ecnv Npu NOCTPOeHUn cucTembl ByayT peann3oBaHbl BCe NPEUMYLLECTBA MyNbTUArEHTHbIX CUCTEM.

Mpn 1cnonb3oBaHWMM [AHHOTO MOAXOAA AN KaX4oW BEpLUMHbI OHTOMNOTMM, copepxallen obliee noHsTHe,
CO30AETCsl areHT, KOTOPbIA MPOBOAMT MOUCK [AHHOTO KOHKPETHOrO NOHSTMS. B maHHOM noaxoae areHT
paccmMaTpuBaeTCs Kak CMCTeMa, HanpaBleHHast Ha AOCTWKEHWe OmnpedeneHHoi Lenu, CnocobHol K
B3aMMOZENCTBMIO CO CPeaon U ApYriMM areHTamu. [ns npusHaHWs areHTa MHTENneKTyanbHbIM He06XoaMMbIM
YCNOBMEM SIBNISIETCS Hannume y Hero 6asbl 3HaHuiA. Takum 06pa3om, YToObl ONpeaenuThL areHToB, AENCTBYHOLLMX
B cUCTEME, HeobXoaumo BbIOpaTh cnocod Ans onucaHus 6asbl 3HAHWI, XapakTepa B3auMOZeNCTBIUS CO CPeaon
W COTPYAHMYECTBa.

ba3sy 3HaHuli aeeHma ns noucka obLyX NOHSTUNA OHTONOMM YAOBHO NpeaCcTaBnsiTb Takke B BUAE OHTONOTUN.
[N npefocTaBneHnst nonb3oBaTenlo BO3MOXHOCTU [06GaBNeHNs HOBbIX WabNoHOB HEOBXOAMMO BbIAENMUTH
©a30Bble NOHSATUS AN (POPMUPOBAHMS OBLLMX.

OnHUM M3 BaXHEMLLMX CBONCTB areHTOB SBNSIETCS COYUATbHOCMb, WK CNOCOBHOCTL K B3ammoaencTamto [2]. Kak
ObINO CKkas3aHO paHee, ANs1 KaX[o#d BEPLUMHbI OHTOMOMMW, coaepxallen obliee MOHATUE, CO3OAETCS areHT.
CornacHo NpuHATOM KnaccudukaLmm areHToB OH SIBNSETCA UHMEHUUOHAIbHbIM.

[laHHbIN areHT HaLeneH Ha pelleHne ABYX 3aday:

1. Becb I/IMGPOLIJMVICFI CMMCOK LIABIOHOB NOHATHS OH p836I/IBa€T Ha OTAEIIbHbIE KOMMOHEHTbI N 3anyCKaeT bonee
NPOCTbIX areHToB AJ1A NONCKa NonyyYeHHbIX KOMMNOHEHT.

2. MpomsBoanT cOopky pesynbTaToB M3 BCEX CMIUCKOB, MONyYEHHbIX areHTamu 6onee HU3KOro YpOoBHS.

YnoMmsiHyTble Bblle areHTbl 6ornee HU3KOro YPOBHS SBNSIOTCS peghriekmopHbiMu. OHW NonyYatoT WwabnoH, u ux
LieNblo CTAHOBUTCA OThICKAHME B TEKCTe pas, NoAnajatoLmx nog aToT WwabnoH. PesynbtaThl noucka areHToB
BCEX YPOBHEN 3aHOCATCS Ha «10CKY 0OBABNEHNI.
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Ha p[aHHbIA MOMEHT B apyrmux  cuctemax WHCTPYMEHTbl OHTONTOMMYECKOro Xapaktepa npuMeHATCA B
nepeyvncneHHbIX HUXe HanpaBrneHnAx:

— WordNet B coueTaHnm ¢ BEKTOPHOI 1 ByneBoi MogensMm MHGOPMALMOHHOIO NONCKa;

— TpafNLMOHHbIE MH(OPMALMOHHO-NONCKOBbIE T€3aypyChl B KOMOUHALMM C Pa3HOro poAa
CTATUCTUYECKUMU MOAENAMY;

— Te3aypyc And aBToMatu4eckoro nHaekCcuposaHus B 6yJ'IeBCKVIX MoAendax nouncka AJOKyMeHTOB, B 3adaye
aBTOMAaTMYECKON py6pMKaLw||/|, aBTOMATM4€CKOro aHHOTUPOBAHKA.

OHTonoruu CTaHyT A0pOM MeTafaHHbIX nopTana npu pa60Te C 3NEKTPOHHbIMU AOKYMEHTAMM. YeTko oYepyeHHas
npeamMeTHas obnactb nossonsieT C030aTb OOCTaTOMHO AeTann3npOoBaHHbIE OHTOMNOrMU, KOTOPbIE MOTYT ObITh
MCMNoJib30BaHbl BCEMU €ro NoacnucTemamu.

ABToMatnyeckoe pedepupoBaHme

Ha [JaHHbIn MOMEHT [N aBTOMAaTMYeckoro pedepupoBaHus MPUMEHSIOTCA [Ba nogxoda. TpaguUMOHHbIN
noaxop (keasupegbepuposaHue), KOTOpbI UCNONb3yOT Takue cuctemsl, kak Microsoft Office, IBM Intelligent Text
Miner, Oracle Context, ocHoBaH Ha BbliaeneHun W Bbibope (HparMEHTOB TEKCTa M3 UCXOLHOMO OKYMEHTa M
COEAMHEHUN UX B KOPOTKMIA TekcT. [loaxod, OCHOBaHHbIU Ha 3HaHUsX, MpegnonaraeT MOATOTOBKY KPaTKoOro
U3NOXeEHUS 1 nepegady OCHOBHOW MbICTIW TEKCTA, BO3MOXHO AaXKe APYTMMU CIIOBaMW.

KeasupedepmpoBaHne OCHOBAHO Ha BblAENEHUN XapaKTepHbIX (hparMeHTOB (kak NpaBuio, npeanoxeHuit). Ans
3TOr0 METOAOM COMOCTaBNEHUs (hpa3oBbIX LIABNOHOB, BbIAENAOTCS OMNOKM HambOonbLUeid NeKcU4eckom W
CTaTUCTUYECKOA peneBaHTHOCTM. B OOMbLUMHCTBE peanu3auuii MeToda MpPUMEHSIeTCs MOOEMNb JIMHEMHBbIX
BECOBbIX K03thduumeHToB. OCHOBY aHaNMTUYECKOrO 3Tana B 3TOM MOLENM COCTaBMSET Npoueaypa HasHaueHus
BECOBbIX KOIPUUMEHTOB ANA Kaxgoro 6roka TekcTa B COOTBETCTBUMM C TaKUMU XapakTepUCTUKaMK, Kak
pacnonoxexne 3Toro 6roka B OpUrMHane, 4actoTa NosiBMEHMs B TEKCTE, YacToTa UCNONb30BaHUs B KMHYEBbIX
NPeAnoXeHusX, a Takke NMoKasaTenu CTaTUCTUYECKON 3HAYMMOCTW. Takum 0bpasoM BbIOENAKT Mpy OCHOBHbLIE
HanpaBfeHWs, 4acTo MpUMEHsSIeMble B COBOKYMHOCTW: CTaTUCTUYECKME METOAbl, MO3ULMOHHbIE MeTodbl M
MHOMKATOPHbIE MEeTOb!.

[MaBHOE NPeuMyLLecTBO [aHHOM Mogenu 3akmioyaeTcs B npoctoTe ee peanusauun. OpHako BblaeneHue
NpeanoXeHnn (unn naparpachoB), He YYWTbIBalOLEE B3aMMOOTHOLIEHUA MeXOy HUMM, NPUBOAWT K
(hopMnpoBaHMio GeccBsI3HbIX peciepaToB. HekoTopble NpeanoXeHUst MOryT okasaTbCst MPOMyLUEHbI, TGO B HIX
MOTYT BCTPeYaTbCs «BUCALLMEN CIIOBA UMK CIIOBOCOYETAHMS.

[ng peanusauum BTOPOro MeTOLa HyXHbl HEKUe OHTONMOMMYEcKMe CrpaBOYHWKM, OTpaxarolpe coobpaxeHus
30paBoro CMbICMa W MOHSATWS, OPUEHTUPOBAHHbIE HA NpeaMeTHY0 06nacTb, AN NPUHATUS PELUEHW BO Bpems
aHanu3a u onpeaenexunst Hanbonee BaxHoO! MHoOpMaLMK.

MeToa hopMMUpOBaHMS KPaTKOTO 3NOXEHNS NpeanonaraeT ABa OCHOBHbIX NOAX0a.

MepBbi OMMPAETCS HA TPAAMLMOHHBIA NUHTBUCTUYECKUIA METOZ CUHTAKCUYECKoro pasbopa npeanoXeHui.
B aTOM MeToae NMpUMeHsIeTCsl Takke CeMaHTUYeckasi MHopMauus AN aHHOTUPOBaHWS AepeBbeB pasbopa.
MpoLeaypbl CPaBHEHUS MaHUMYNMPYIOT HENOCPEACTBEHHO AEPEBLAMU C LIEMNbIO YAANeHUs U Neperpynn1poBKi
yacTel, Hanpumep, MyTeM COKPALLEHUsI BETBEN HAa OCHOBAHMWM HEKOTOPbIX CTPYKTYPHbIX KDUTEPUEB, TaKkuX Kak
CKOOK UNM BCTPOEHHbIE YCMOBHbIE I NOAYMHEHHbIE NpeanoxeHus. Mocne Takol npoLeaypbl AepeBo pasbopa
CYLLECTBEHHO YNpOLLAeTCsl, CTAaHOBSICh, N0 CYLLECTBY, CTPYKTYPHOM «BbIKUMKOA» MCXOAHOTO TEKCTA.

BTopoit noaxof K COCTABNEHMIO KPATKOrO M3MOXEHUS YXOAUT KOPHAMM B CUCTEMbI UCKYCCTBEHHOTO MHTENNEKTa 1
ONMpaeTCs Ha NMOHUMAHNE ECTECTBEHHOTO A3bika. CUHTAKCMYECKMiA pa3bop Takke BXOAWUT COCTABHON YacTbio B
TaKkoil MeToA aHanu3a, Ho [epeBbst pasbopa B 9TOM Cryyae He mopoxpalTcs. Hanpotus, dopmupytoTcs
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KOHLenTyanbHble penpe3eHTaTUBHbIE CTPYKTYPbl BCEM UCXOLHOW MHQOPMAaLMKM, KOTOPbIE aKKyMynMpYloTCs B
TeKCToBOW Base 3HaHMW. B kauecTBe CTPyKTYp MOryT ObiTh MCMONb30BaHbI hOPMYynbl FIOTUKU NPeankaToB Unn
TaKkue npeacTaBneHns], kak cemaHT4eckas ceTb Unu Habop pernMoB.

OyHKUMS aBTOMaTUYecKoro pedepupoBaHus sBRsSeTCs Heobxoaumoin ans paspabaTbiBaeMoro noprana. Mpu
rnoucke mnorb3oBaTento HeobXOAMMO BblgaTb aHHOTALMIO AOKYMEHTa, MO KOTOpOA NONb3oBaTeNlb CMOXET
MPUHATL PELLEHME O MONE3HOCTU JaHHOTO [I0KYMEHTA.

Knaccmbukauvm n KaTtanormsauma 4OKyMeHTOB

3apjaya aBTOMATWYECKOM KnaccuuKaLMM M KaTanorusaumm [LOOKYMEHTOB SBASETCS 3ajayer pasbueHus
NOCTYNaloLLEro NOTOKa TEKCTOB Ha TeMaTUYecKue NognoTokM B COOTBETCTBUM 3apaHee 3afaHHbIMU pybpukamiu.
ABTOMaTUYeCKas KaTanorudaums aNeKTPOHHbIX JOKYMEHTOB, @ [JOKYMEHTOB pPasMeLLeHHbIX B CeTW WHTepHeT B
0COBEHHOCTM, OCMOXHEHA BBUAY CReayowmx npuuvH [8]:

GonbLUOit MaccuB AOKYMEHTOB,

OTCYTCTBME CrieLparnbHbIX CTPYKTYP, OTCNIEXMBAIOLLMX NOSIBNEHNE HOBbIX JOKYMEHTOB;

Heobs3aTeNbHOCTb aBTOPCKON KNAcCUthUKALMM ANEKTPOHHBIX JOKYMEHTOB (B OTNMYME OT NEYaTHbIX
W3aHWi1) NOCPEACTBOM MX aHHOTUPOBAHMS, MPUNINCLIBAHWS KOAOB Knaccudukatopa v T..;

np06nema OTCNEXMBAHUS U3MEHEHNIA AOKYMEHTOB.

Kak n ons aBToMatmyeckoro pedepupoBaHus, CyLLECTBYET ABa NPOTUBOMOSMOXHBIX NOAX0AA K KaTanorusauum.
Hanbonee apdeKTUBHBIMI, HO CTIOXHBIMU B peanusauun, SBIaTCs MemoObl, OCHO8aHHbIE Ha 3HaHUSX. Tpu
KaTarnors3aLum TEKCTOB Ha OCHOBE 3HaHWI MCNONb3YIOTCA 3apaHee cPOPMUPOBaHHbIE Ba3bl 3HaHWIA, B KOTOPbIX
OMMCbIBAKITCS A3bIKOBbIE BbIPAXXEHWUS, COOTBETCTBYHOLLME TOW MnM MHOM pyDpuke, 1 Npasuna Bbibopa pybpuk [5].
[Opyrum KknaccoMm MeTOAOB [Ns aBTOMATW4ECKod pyOpukaLuu TEKCTOB SBRAKTCA Memodb! MawUHHO20
0byy4eHus, KoTopble B kayecTBe oBOyyalolwmx NpUMEPOB MOrYT WUCMOMb30BaTh 3apaHee OTpybpuuMpoBaHHbIe
BPYUHYHO TEKCTbI.

I'IpM peanu3aunn CUCTEMbI aBTOMAaTU4ECKON KaTanorusauuu Ha nopTtarne H606XO,U,VIMO PELWNTb ABE 3afa4n:

— Co30aHue mexaHu3ma 8eedeHus U onucaHusi PybpUK, Kak HEKOTOPOTO BbIPaXKEHUSI HA OCHOBE CIOB M
TEPMMHOB JOKYMEHTOB. 3aia4a MOXeT ObITb peLueHa Ha OCHOBE SKCMEPTHOTO OMMCaHNs pybpukv nnm
METOL0B MaLUMHHOTO 0BYYEHNS N0 YXE OTPYBPULIMPOBAHHBIM KOMNEKLMSIM JOKYMEHTOB.

— AHanus s361K08020 Mamepuarna, KoHmekcma ynompebieHusi TOro Ui MHOTO CroBa, TpebyioLLit
NpuBeYeHns 0BLINPHBIX 3HAHWUIA O A3bIKe W NpeaMETHOI 0bnacTy.

3aknioyeHue

OnucaHHble Bble MOAXOAbI MPUMEHSAIOTCA Npu  pa3paboTke NOACMCTEMbI YNpaBMEeHUs  3MeKTPOHHbIMU
[OKYMEHTaMn 1ccnepoBatensckoro noprana. OTnuumTensHOM 0COBEHHOCTBIO ABSIETCS OPUEHTALMS Ha SIBHOE
NpeacTaBneHne 3HaHUi ¢ NOMOLLbI0 OHTOMOMA. [aHHbIN NOAX04 MNO3BONMWT Peanv3oBaTtb MHTENNEKTyanbHbIe
CEPBMCbI 4151 noucka 1 0BpaboTKM 3NEKTPOHHbIX JOKYMEHTOB NO TEMATKKe nopTana, nofyYaemblx 13 pasnnyHbix
NCTOYHWKOB.
Takum obpasom, Npy cO3AaHUN UCCNEeROBaTENLCKOTO NopTana byayT peLleHbl cneaytoLme 3agaqm:

— CEMaHTUYeCcKoe UHAEKCMPOBaHWE LOKYMEHTOB U MHTENNEKTYanbHbI NOUCK [aHHbIX, COOTBETCTBYHOLLMX

3anpocam nonb3oBaTtenei 1 cneyuduke npegmMeTHoON obnacTy;
— U3BMIeYEHNe MHGOPMALMN U3 HECTPYKTYPUPOBAHHbIX AOKYMEHTOB;

— WHTennekTyarbHas Knaccugukalms 1 katanorusaums 1 aBTomaTuyeckoe pedeprpoBaHmne HalgeHHbIX
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AOKYMEHTOB,

— Be[jleHne XPOHONOrnn aneKkTPOHHbIX JOKYMEHTOB.

Peanmau,vm noacUCTEMbI CyLLECTBEHHO CHU3UT TPYAOEMKOCTb MOUCKa Heobxoaumor I/IH(*)OpMaLlI/WI, €e aHanunsa
1 BO3MOXHOCTHK UCNONb30BaHNA B UCCITeA0BaHUAX.
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BULGARIAN-UKRAINIAN SCIENCE RESEARCH PROJECT:
"DEVELOPING OF DISTRIBUTED VIRTUAL LABORATORIES
BASED ON ADVANCED ACCESS METHODS
FOR SMART SENSOR SYSTEM DESIGN"

Supported by: Bulgarian National Science Fund under contract No: D 002-331 and Ukraininan Ministery of
Education and Science under contract No: 145

Duration: 2009-2010

The Project Aim

The aim of the project is developing of methods and tools for remote virtual design of smart biosensor devices
and systems and creating on this base the distributed virtual laboratory (VLCAD) as tool for interdisciplinary
researches.

This aim courses necessity to solve next tasks:

to develop theory elements and methods of virtual design, ontology of typical distributed laboratory with advanced
access methods on the base of numbered information spaces;

to develop and optimize effective methods of virtual design of smart biosensor devices and systems;

to create on this base samples of biosensor systems for medical and environment protection purposes (biosensor
systems for express-diagnostic of plant state and detecting of acute infectious diseases, such as bird flu, cow
leucosis and etc.).

There will be formulated new principles of creating of VLCAD and smart computer devices and biosensor
systems.

On basis of subject fields analysis there will be created high level and low levels of VLCAD ontology, which has to
meet such properties as clearness, coordination and expansibility.

On basis of created ontology there will be developed distributed VLCAD for designing of smart computer devices.
This VLCAD will be created on the base of formalized representation of knowledge with usage of numbered
information spaces.

High reliability is important parameter for smart biosensor devices for wide use. This causes creating of program
modules for calculation of reliability parameters in the VLCAD structure. According to this there will be developed
original program models for calculation of reliability parameters of microelectronic components, devices and
systems. Program models will be built on methods, which are based on different probability distribution laws:
standard exponential (one-parametric function) and DN-distribution (two-parametric function). For every method
there will be created algorithm, realized as VLCAD computer program (software).

During creation of program modules one of important purposes is to find errors on the early stage of
development. In this project there will be developed algorithm for automatic translation the system, written in MSC
language, to the Petri Net. On the base of this algorithm there will be created program module and it will be
integrated into the VLCAD. This module will be also used during designing and creating of VLCAD itself for
control of its reliability and security.

There will be developed algorithms for experiment data processing and software for automatic building and
visualization integral dependences, which allow to get in real-time integral data from outputs of smart biosensor
devices, created during this project.

By means of VLCAD there will be developed and created samples of smart biosensor devices for express-
diagnostic of plant state and express-detecting of acute infectious diseases, such as bird flu, cow leucosis and
etc.).



160 11— Intelligent Engineering

Expected Results

Results of the execution of the Project will be presented as science articles. The next main tasks will be
provided:.

1. Having made analysis and determination of typical features of design process there will be formulated main
principles of creating of VLCAD for designing of devices for biological object express-diagnostic.

2. There will be created ontology of virtual design subject field with taking into account features of product life,
design stages and proper output documentation. According to ontology there will be developed main components
of virtual laboratory, such as, formalized methods, program modules and electronic libraries.

3. There will be creating original program models to calculate reliability parameters of microelectronic
components, devices and systems on their base, by using of different probability distribution laws: one-parametric
exponential and two-parametric DN-distribution.

4. By means of VLCAD there will be developed and created samples of smart biosensor devices for express-
diagnostic of plant state and express-detecting of acute infectious diseases, such as bird flu, cow leucosis and
etc. Applications of devices will allow providing fast and effective medico-ecological monitoring in Ukraine and
Bulgaria, estimate agricultural plant state, prevent and protect from pandemia of bird flue and other acute viral
infections etc.






