ISSN 1727-6209

TERNOPIL NATIONAL ECONOMIC UNIVERSITY
RESEARCH INSTITUTE OF INTELLIGENT COMPUTER SYSTEMS
IN COOPERATION WITH V.M. GLUSHKOV INSTITUTE FOR
CYBERNETICS, NATIONAL ACADEMY OF SCIENCES, UKRAINE

TEPHOMINIbCbKUA HALIOHANBbHUA EKOHOMIYHUN YHIBEPCUTET
HAYKOBO-OOCHIOAHUN IHCTUTYT IHTENEKTYANbHUX
KOMMKOTEPHUX CUCTEM
Yy cniBNPALI 3 IHCTUTYTOM KIBEPHETUKU IM. B.M. IYLLKOBA,
HALIOHAINBbHA AKAOEMIS HAYK YKPAIHU

J

International Journal of

Computing
Published since 2002
September 2012, Volume 11, Issue 3

MixxHapoAHUN HaYKOBO-TEXHIYHUN XypHan

Komn’rotTunHr

BugaeTtbcs 3 2002 poky
BepeceHb 2012, Tom 11, Bunyck 3

MocTtaHoBoto npesunaii BAK Ykpainn Ne 1-05/3 Big 14 kBiTHA 2010 poKy HayKOBO-TEXHIYHNI

XypHan “Komn'toTvHI” BigHECEHO A0 nepeniky HayKoBMX haxoBuX BUAaHb YKpaiHW, B AKUX

MOXYTb NyOnikyBaTuca pesynbtatv agucepTauiiHmx pobiT Ha 3000yTTA HayKOBUX CTYMEHIB
OOKTOpa i KaHangaTa TEXHIYHUX HayK

TepHoninb
THEY
2012



International Journal of Computing

September 2012, Vol. 11, Issue 3

Research Institute of Intelligent Computer Systems,

Ternopil National Economic University

Registered by the Ministry of Justice of Ukraine.
Registration certificate of printed mass media — KB #17050-5820PR, 15.07.2010.

It’s published under resolution of the TNEU Scientific Council, protocol # 8, May 30, 2012

Editorial Board

EDITOR-IN-CHIEF

Anatoly Sachenko

Ternopil National Economic University,
Ukraine

DEPUTY EDITOR-IN-CHIEF
Volodymyr Turchenko

Ternopil National Economic University,
Ukraine

ASSOCIATE EDITORS

Svetlana Antoshchuk

Odessa National Polytechnic University,
Ukraine

Plamenka Borovska

Technical University of Sofia, Bulgaria
Kent A. Chamberlin

University of New Hampshire, USA
Dominique Dallet

University of Bordeaux, France
Pasquale Daponte

University of Sannio, Italy

Mykola Dyvak

Ternopil National Economic University,
Ukraine

Richard J. Duro

University of La Coruiia, Spain
Vladimir Golovko

Brest State Polytechnical University,
Belarus

Sergei Gorlatch

University of Muenster, Germany
Lucio Grandinetti

University of Calabria, Italy

Domenico Grimaldi

University of Calabria, Italy

Uwe Grofimann

Dortmund University of Applied
Sciences and Arts, Germany

Halit Eren

Curtin University of Technology,
Australia

Vladimir Haasz

Czech Technical University, Czech
Republic

Robert Hiromoto

University of Idaho, USA

Orest Ivakhiv

Lviv Polytechnic National University,
Ukraine

Zdravko Karakehayov

Technical University of Sofia, Bulgaria
Mykola Karpinskyy

University of Bielsko-Biata, Poland
Volodymyr Kochan

Ternopil National Economic University,
Ukraine

Yury Kolokolov

UGRA State University, Russia
Gennady Krivoula

Kharkiv State Technical University of
Radioelectronics, Ukraine

Theodore Laopoulos

Thessaloniki Aristotle Univerity, Greece
Fernando Lépez Peiia

University of La Coruiia, Spain

Kurosh Madani

Paris XII University, France

George Markowsky

University of Maine, USA

Richard Messner

University of New Hampshire, USA
Yaroslav Nykolaiychuk

Ternopil National Economic University,
Ukraine

Vladimir Oleshchuk

University of Agder, Norway
Oleksandr Palahin

V.M.Glushkov Institute of Cybernetics,
Ukraine

José Miguel Costa Dias Pereira
Polytechnic Institute of Setibal, Portugal

Dana Petcu

Western University of Timisoara,
Romania

Vincenzo Piuri

University of Milan, Italy

Oksana Pomorova

Khmelnytsky National University,
Ukraine

Peter Reusch

University of Applied Sciences, Germany
Sergey Rippa

National University of State Tax Service
of Ukraine, Ukraine

Volodymyr Romanov

V.M. Glushkov Institute of Cybernetics,
Kiev, Ukraine

Andrzej Rucinski

University of New Hampshire, USA
Bohdan Rusyn

Physical and Mechanical Institute of
Ukrainian NASU, Ukraine

Rauf Sadykhov

Byelorussian State University of
Informatics and Radioelectronics,
Belarus

Jiirgen Sieck

HTW — University of Applied Sciences
Berlin, Germany

Axel Sikora

University of Applied Sciences
Offenburg, Germany

Rimvydas Simutis

Kaunas University of Technology,
Lithuania

Tarek M. Sobh

University of Bridgeport, USA
Volodymyr Tarasenko

National Technical University of Ukraine
“Kyiv Polytechnics Institute”, Ukraine
Wiestaw Winiecki

Warsaw University of Technology,
Poland

Research Institute of Intelligent Computer Systems
Ternopil National Economic University

3, Peremoga Square
Ternopil, 46020, Ukraine

Address of the Editorial Board

Phone: +380 (352) 47-5050 ext. 12234

Fax: +380 (352) 47-5053 (24 hours)
computing@computingonline.net
www.computingonline.net

© International Journal of Computing, 2012



MixxHapoaHuu xypHan “Komn’roTuHr”

BepeceHb 2012, Tom 11, Bunyck 3

HaykoBo-gocnigHui iHCTUTYT iHTeNeKTyarlbHUX KOMM’ KOTEPHUX CUCTEM
TepHONiNbLCbKUI HaLliOHaNbHUA €KOHOMIYHUM YHIBEepcUTeT

3apeecTtpoBaHuit MiHicTepcTBOM tocTuuii YkpaiHi. CBigoOLTBO Npo AepkaBHY peecTpaLilo ApyKOBaHOro 3acoby
macoBoi iHopmaduii — cepis KB Ne17050-5820MP Big 15.07.2010.

[pyKkyeTbcsa 3a noctaHoBolo BYeHoi paau THEY, npotokon Ne 8 Big 30 TpaBHA 2012 poky

PepakuiiHa konerisi

r'OJIOBHUM PEJAKTOP

Amnarouiii CaueHko
TepHominbChKUil HAIOHATBHUIA
S€KOHOMIYHUH YHIBEpCHTET, YKpaiHa
3ACTYIIHUK PEJAKTOPA

Bonoaumup Typuenko
TepHOMIBLCHKHIA HAIlIOHATBHUH
eKOHOMIYHUiT yHiBepcuTeT, YKpaina
YJIEHU PEJIKOJIEITi

CaiTi1aHa AHTOIIYK

OiechKHii HalliOHATBHUH MOJITEXHIYHUI
yHIBepcHTeT, YKpaiHa

Mukoaa luBak

TepHONUILCHKMIA HAIlIOHATBHUI
SKOHOMIYHUi1 yHiBepcuTeT, YKpaina

Opecr IBaxiB

Hanionansauii yHiBepcuteT “JIbBiBChKa
nojitexHika”, Ykpaina

Bonoaumup Kouan

TepHOMUTECHKIIA HALlIOHATBHUI
SKOHOMIYHUIT yHIBepcHTeT, YKpaiHa
I'ennaniiit KpuByas

XapKiBCBbKUH NIepKaBHUH TEXHIYHUH
YHIBEPCHTET paJioeNeKTPOHIKH, YKpaiHa
SApocaas Hukonaituyk
TepHOMUIBCHKIIA HALlIOHATBHUI
SKOHOMIYHUI yHIBepcHTeT, YKpaiHa
Ouexcanap Ianarin

[HCTUTYT KiOEPHETHKH iM.

B.M. I'mymixosa HAHY, Vkpaina

Oxcana IlomopoBa

XMenpHULBKUI HaLllOHAIbHUH
yHiBEpCcUTET, YKpaiHa

Cepriii Pinna

HauionanbHuii yHIBEpCUTET AepiKaBHOI
MOJIATKOBOI CITy>k0u YKpainu, Ykpaina
BoJsopumup Pomanos

[HCTHTYT KiOEpPHETHKY M.
B.M.I'mymxoBa HAHY, Ykpaina
Boraan Pycun

dizuko-mexaniunuii incruryt HAHY,
VYkpaina

Boaoaumup Tapacenko

HamionanpHu# TeXHIYHUI yHIBEPCUTET

VYxpainu “KuiBchbKHii MOMITEXHIYHUH
iHcTHTYT”, YKpaiHa
Plamenka Borovska

Technical University of Sofia, Bulgaria

Kent A. Chamberlin

University of New Hampshire, USA
Dominique Dallet

University of Bordeaux, France
Pasquale Daponte

University of Sannio, Italy
Richard J. Duro

University of La Coruiia, Spain
Vladimir Golovko

Brest State Polytechnical University,
Belarus

Sergei Gorlatch

University of Muenster, Germany
Lucio Grandinetti

University of Calabria, Italy
Domenico Grimaldi

University of Calabria, Italy

Uwe Grofimann

Dortmund University of Applied
Sciences and Arts, Germany

Halit Eren

Curtin University of Technology,
Australia

Vladimir Haasz

Czech Technical University, Czech
Republic

Robert Hiromoto

University of Idaho, USA

Zdravko Karakehayov

Technical University of Sofia, Bulgaria

Mykola Karpinskyy

University of Bielsko-Biata, Poland
Yury Kolokolov

UGRA State University, Russia

Theodore Laopoulos

Thessaloniki Aristotle Univerity, Greece
Fernando Lépez Peiia

University of La Coruiia, Spain
Kurosh Madani

Paris XII University, France
George Markowsky

University of Maine, USA

Richard Messner

University of New Hampshire, USA
Vladimir Oleshchuk

University of Agder, Norway

José Miguel Costa Dias Pereira
Polytechnic Institute of Setibal, Portugal
Dana Petcu

Western University of Timisoara,
Romania

Vincenzo Piuri

University of Milan, Italy

Peter Reusch

University of Applied Sciences, Germany
Andrzej Rucinski

University of New Hampshire, USA
Rauf Sadykhov

Byelorussian State University of
Informatics and Radioelectronics,
Belarus

Jiirgen Sieck

HTW — University of Applied Sciences
Berlin, Germany

Axel Sikora

University of Applied Sciences
Offenburg, Germany

Rimvydas Simutis

Kaunas University of Technology,
Lithuania

Tarek M. Sobh

University of Bridgeport, USA
Wiestaw Winiecki

Warsaw University of Technology,
Poland

HAl iHTenekTyanbHUX KOMM IOTEPHUX CUCTEM
TepHONINbCbKMIA HaLioOHaNbLHUI eKOHOMIYHUI YHiBEpCUTET

nnowa lNepemory, 3
TepHonine, 46020, YkpaiHa

Agpeca pegakuii :

Ten.: 0 (352) 47-50-50 BHyTp. 12234
®akc: 0 (352) 47-50-53

computing@computingonline.net
www.computingonline.net

© MixkHapoaHWIA HayKOBO-TEXHIYHMI XXypHan “KoMm’toTuHr”, 2012



Contents in English / Computing, 2012, Vol. 11, Issue 3

CONTENTS

A. Kumar, V. Goyal
EARCT - Environment for Automated Rank Based Continuous Agent TeStiNG ..........ccovvvereivivninenenienen. 180

A. Mykhailiuk, O. Mykhailiuk, O. Pylypchuk, V. Tarasenko
A Creation of the Linguistic Ontology Based on a Structured Electronic
ENCYCIOPEAIC RESOUITE ...ttt bbb bt b ettt b bt 191

M. Polyakova, V. Krylov, N. Volkova
The Method of Wavelets Construction by Transformation of a Graph of Power
FUNCLION TOr EAQE DEIECTION ...ttt ettt bt r ettt bt 203

D.V. Patil, R.S. Bichkar
Integrated Effect of Data Cleaning and Sampling on Decision Tree Learning

(o] I T Lol DL L B £SO SSPRSUR 215
A. Kabysh, V. Golovko
General Model for Organizing Interactions in Multi-Agent SYSIEMS .......c.ccccevieiiieiiieeiee e 224

A. Voronych, Y. Nykolaychuk, V. Hladyuk
Formation and Processing of Entropy-Manipulated Correcting Signal Codes
IN WIreless SENSOI INETWOIKS .......c.uiiiiiii ettt sttt et e s aesteeneeseesreeneenee e 234

S. Antoschuk, D. Maevsky
Structural Synthesis of Dynamic INfOrmation SYStEMS ........c.cccviviiiiiiiece e 245

S.P.Khandait, R.C.Thool, P.D.Khandait
ANFIS and Neural Network Based Facial Expression Recognition
USING CUNVEIEE FEAIUIES ...o.viiiiiiiciiceie ettt st et s b e s e et e s be et e s tees b e aesbeeneesteareeneenteans 255

B.Y. Volochiy, L.D. Ozirkovskyy, . W. Kulyk
The Method of Building of Behavior Model of Non-Markov Complex Systems
as a Graph of States and TraNSITIONS ........c.cciiiiiiie it e s be e e e e srestaesrenre s 262

Y. Semchyshyn, 1. Kulpa, I. Kolosovskyi, O. Hrechnikov, P. Hayda
Developing Semantic Network Management SYSTEIM .........ccoovoiiiiii i e 272

V.G. Deibuk, I.M. Yuriychuk, R.I. Yuriychuk
Spin Model of Full SUMMALOr 0N PEIES GALES .......cccveveiiiiieiicie e sie sttt sttt e ettt sresraesresre s 282

J. Drozd, A. Drozd, J. Sulima
Natural Resources and Their Use for Checkability Increasing the Digital

Components of Safety-CritiCal SYSEMS ........ccv i sresraesresre s 293
V.A. Luzhetsky, Y.V. Baryshev

The Generalized Construction of pseudonondeterministic hashing ..........ccocooeviiieii i 302
N 0L 1 (ot £ OSSPSR 309

Information for Papers SUbmIssSion t0 JOUINAI ..........ccooiiiiiiiiiii e 318




Contents in original languages / Computing, 2012, Vol. 11, Issue 3

CONTENTS / 3MICT / COAEP/ KAHUE

A. Kumar, V. Goyal
EARCT — Environment for Automated Rank Based Continuous Agent TeSting ...........ccceevvevveevreerreerieerneennns 180

A. Muxaiinwk, O. Muxaiinwk, O. [Inannuyk, B. Tapacenko
dopMyBaHHS JIHTBICTUYHOI OHTOJIOTIT Ha 06331 CTPYKTYpPOBAaHOTO EJICKTPOHHOTO
CHITUKITOTICIIATHOTO PECYPCY «veeeuvvrerureearreessreessseassseessesasssesssssesssseesssesssssssssseesssssessseessssessssessssessssssssssesssseenns 191

M. HoasikoBa, B. Kpblios, H. BosikoBa
MeTon HOCTpOEHUS yITyUIlIEHHBIX BEHBIETOB IyTeM IpeoOpa3zoBanHus rpaduka
CTETICHHOHN (DYHKIMHU ISt 33]]a9M KOHTYPHOM CETMEHTAIIHMU U300PAKEHMH ...ecvvvnveeneeeeenieieneeeienieeeeneeeneenees 203

D.V. Patil, R.S. Bichkar
Integrated Effect of Data Cleaning and Sampling on Decision Tree Learning
OF LAr@E DAta SEIS ...iciuiiiiciiiiiiieiiieeiee et et e et e et e ettt esteeetbeessbeeesbaeesbeesssaeessseassseeassseessseessseesnseeenssesnsseeanes 215

A. Kaobim, B. I'osi0BKO
O06001eHHast MO OPTaHU3AINH B3aUMOJICHCTBUN B MYJTBTHATEHTHON CHCTEME .....eevveenveenereneeeneeeneeeneens 224

A. Bopounu, 5. Hukonaiiuyk, B. I'nagrok
®dopMyBaHHS Ta ONPAIIOBAHHS CHTPOMINHO-MaHIMYJIbOBAHUX CUTHAIBHUX
KOPEKTYIOUUX KOMIB Y OC3MPOBIIHUX CCHCOPHIX MEPEIKAX .eveeuveerreesresrersressseeseesseesseesseesssesssesnsesssesssessseesnns 234

C. Anuromyk, JI. MaeBcbkuid
CTpyKTypHUN CHHTE3 TUHAMITHUX THQOPMAITIHHIX CHCTEM ....ccvveevevieerieerereeereeessseesseeessseessessssesesssessssseanns 245

S.P.Khandait, R.C.Thool, P.D.Khandait
ANFIS and Neural Network Based Facial Expression Recognition Using Curvelet Features ...................... 255

b. Bououiii, JI. O3ipkoBcbkuii, 1. Kyank
MeTton moOyn0BU MojieNell TOBEIIHKY CKIaIHUX CUCTEM HEMApPKOBCHKOTO THITY
Y BUDIISIITL TPAGIA CTAHIB 1 TICPEXOIIIB 1.uvvevveeereerreerseesseessresseaseasseesseesssesssssssesssesssesssesssessssssssesssesssesssesssessssesnns 262

0. Cemunmn, I. Kyasna, I. KonocoBebkuii, O. I'peunikos, I1. I'aiina
Po3pobka cucteMu KEPYBAHHS CEMAHTHUHUMU MEPEIKAMIE ......eeevreeereessreessreessseesseeessseesssseesssesssseessssessssees 272

B.I'. Jleiioyk, I.M. IOpiiiuyk, P.1. FOpiiiuyk
CriHOBa MOJIETTh TIOBHOTO OJHOPO3PSTHOTO CyMaToOpa Ha eNeMeHTaxX [Iepeca .......ccocvveveevieviiniieieeieene, 282

1O.B. [Ipo3n, A.B. Ipo3a, H0.FO. Cyauma
EcrecTBennbie PECYPCHI U UX UCTIOJIB30BAHUEC IJIA MMOBBINICHUS KOHTPOJICIIPUTOAHOCTH
IU(PPOBBIX KOMIIOHEHTOB CHCTEM KPUTUYECKOTO MIPUMEHEHHS .....veeuvenveenieienitententeententeeseentesseensesieensensesseenee 293

V.A. Luzhetsky, Y.V. Baryshev
The Generalized Construction of pseudonondeterministic hashing .............cccocceevieviieriienieniecceercee e, 302

ADSITACES / PEBIOME ...vvviiiiiiieeeeieee ettt ettt et e e e e et et e e e s e s s e aaeeeeeesesseaaeseeeeeessasaaaeereeesssennnaaeaeeeas 309

Information for Papers Submission to Journal / [adopmartist mist odhopmiteHHS
crareit 1o xxypHany / Madopmanus At 0DOPMIICHUS CTATEH B IKYPHAIT ...veeveeverrieeereeeneeeeseeeeesseeneeneesseenees 318




Ashok Kumar, Vinay Goyal / Computing, 2012, Vol. 11, Issue 3, 180-190

Yol

computing@computingonline.net
www.computingonline.net

ISSN 1727-6209
International Journal of Computing

EARCT- ENVIRONMENT FOR AUTOMATED RANK BASED
CONTINUOUS AGENT TESTING

Ashok Kumar Y, Vinay Goyal ?

Y Department of Computer Science & Applications, Kurukshetra University, Kurukshetra, India
2 Panipat Institute of Engineering & Technology, Samalkha, Panipat, India
vinaykuk@gmail.com

Abstract: Testing MAS (Multi-agent System) is a challenging task because these systems are distributed, complex and
autonomous in nature. Agents exist in an open environment having their own locus of control and they require context
awareness. So due to these agent’s characteristics, testing MAS system using existing testing techniques becomes a very
tedious job. Agents also pose problems regarding message communication and semantic interoperability, as well as
synchronization with other agents existing in the environment. All these features are known to be hard not only to
design and to code, but also to test. In this paper we will propose a unique environment EARCT to test MAS keeping in
mind the essential software engineering paradigms such as effort consumed, errors revealed etc.

Keywords: Agents Testing Autonomous Ranking.

1. INTRODUCTION

Current research and development on agent
oriented technology mainly put emphasis on
designing architecture, formalizing protocols,
designing frameworks etc.Very limited research
work has been carried out on testing multi agent
system [1,2,3]. The agent-oriented paradigm is
considered a natural extension to the object-oriented
(O0) paradigm, but agents are different from objects
in many ways [4,5]. Although there are well-defined
0O testing techniques, agent-oriented development
has neither a standard development process nor a
standard testing technique. Since, in MAS (Multi
agent system) there are several agents existing in an
environment [6,7] as distributed components, which
are proactive and autonomous, so it is possible that
same inputs can provide different outputs on
different execution. The problems posed by the
agents and Multi agent system testing are well
recognized [8], and some of the more significant
ones are discussed in next section.

2. BACKGROUND

As noted above, this section identifies and
describes some of the major problems posed by
Multi-Agent Systems.

Autonomous and social nature: Agents are
autonomous in nature and due to their social
capabilities- they cooperate with other agents present

in the environment. MAS testing tools must have a
comprehensive view over all distributed agents in
addition to local knowledge about individual agents,
in order to check whether the whole system operate
accordingly to the specifications or not. Moreover, it
may be possible that a single agent ran successfully
and correctly as a stand-alone entity but incorrectly
in a community or vice versa.

Complexity: As agents are autonomous and are
run concurrently in a distributed environment, it
becomes very difficult to determine the exact
boundary of a test case. Distributed and concurrent
environments often pose a challenge before testing
team.

Agent Communications: Agents communicate
with each other via message passing and not by
method invocation as in object oriented technology,
S0 existing object oriented technology testing
techniques are not applicable for agent based testing.

Non-Deterministic nature: Agent’s nature is
non-deterministic in nature because it is not possible
to determine in prior all possible interactions of an
agent during its execution.

Irreproducibility effect: Due to an agent’s pro-
active and autonomous nature, we cannot guarantee
that two executions of the systems will lead to the
same output state, even if the same inputs are used
because agents can modify their knowledge between
any two executions. As a result, looking for a
specific error can be difficult if it cannot be
replicated [9].
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Amount of data: MAS can constitute numerous
agents, as each agent processes its own data. To test
such a huge amount of data is itself a very
challenging task for the testing team. Also agents
operate asynchronously and in a parallel manner
which is also challenging for a testing team.

Agent Ranking: There is no way a testing team
can assess out the importance or rank of a particular
agent. It might be possible that a particular agent is
acting as a core element of the system, and another
as an outside scaled agent with less knowledge about
its internal state and behavior. Agents with top
ranking (most important agents) must be given extra
attention and resources during testing and third party
agents or agents with lower ranking may be tested
with limited resources. This will result in more
effective resource utilization during testing phase
and will improve proper operation of the core
functionalities for the whole system.

Agent Inter-Dependency: As agents are social
in nature and are autonomous also, they can interact
with other agents present in the environment to
fulfill their goal. Because of this, there exist many
execution paths which can be followed by an agent.
It is difficult to test each and every path for
correctness, completeness and consistency.

Black Box MAS: MAS can also be considered as
«black-box»; that is, they may provide very little or
some time no observational primitives to the outside
world, resulting in limited access to the internal
agents’ state, their expected behavior and
knowledge. This kind of MAS could be quite
difficult to test, in that the test result (PASS or
FAIL) may be hard to assess.

3. RELATED WORK

There is a very brief literature available on the
testing of Agent. In fact, in recent times, few
automated techniques are proposed to test agents and
test strategies soon. Also work agent testing was
done at various levels of testing such as unit-level
(agent level), the level of integration (MAS) and
system level. In fact, there is very little that AOSE
explicitly define the test phase and test mechanisms.
Zhang [10] introduced a framework for Model
Based Testing using design patterns of the
Prometheus agent development methodology. This
framework focuses on testing agent plans (units) and
mechanisms to generate test cases and appropriate to
determine the order in which units are to be tested.
Ekinci [11] stated that the goals of agents are the
smallest testable units and MAS proposed to test
these units through the test objectives. Each test
objective is conceptually divided into three sub-
goals: Installation (System Preparation), the
objective of the test (perform actions on the
objective), and purpose statement (check the

satisfaction of goals). The first and last objective is
preparing  pre-conditions and  post-conditions
checked by testing the objective under test,
respectively. In addition, they introduce a testing
tool, called as SEAUnit that provides the
infrastructure to support the proposed approach.
Agile PASSI [12] proposes a framework to support
trials of single agents. They develop a test suite
specifically for the verification agent. Test plans are
prepared before the coding phase according to the
specifications and the tool is also capable of
generating agents AgentFactory can also generate
driver and stub to accelerate the testing of a specific
agent. Lam and Barber [13] proposed a semi-
automated process for understanding the behavior of
software agents. The approach mimics what a
human user (can be a tester) in the understanding of
the software: building and refining knowledge base
of agent behavior, and use it to verify and explain
the behavior of agents at runtime. Nunez [14]
introduced a formal framework for specifying the
behavior of autonomous e-commerce agents.
Desired behaviors of the agents being tested are
presented using a new formalism, called state
machine utility that embodies the users preferences
in their states. Two test methods have been proposed
to check if an implementation of a specified agent
behaves as expected (i.e. compliance testing). In
their approach to asset tests, they used for each test
agent test (special agent) who makes the formal
specification of the agent to facilitate reaching a
specific state. The trace of the operational agent is
then compared to the specification in order to detect
defects. Moreover, the authors also proposed using
the passive test in which the agents being tested,
were only observed, not stimulated as in the active
test. Invalid traces, if any, are then identified through
formal specifications of agents. Coelho [15]
proposed a framework for unit testing of MAS based
on the use of simulated agents, which simulate real
agents to communicate with the test agents were
implemented manually, each corresponding to an
agent role. Sharing the inspiration of JUnit [16] with
Coelho [15], Tiryaki [17] proposed a test-driven
development approach that supported MAS iterative
and incremental construction MAS. A testing
framework called SUnit, which was built above and
JUnit Seagent [18], was developed to support the
process. The framework allows writing tests for the
agents’ behavior and interactions between agents.
Gomez-Sanz [19] introduces advance in testing and
debugging methodology. In fact INGENIAS [5], the
meta-model INGENIAS was extended with concepts
for defining tests to integrate the reporting of the
test, i.e. testing and test packets. Work has also
provided facilities for access to mental states of
individual agents to check them at runtime.
Houhamdi [20] introduced an approach to derive test
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suite for testing agent that is goal-oriented
requirements analysis artifact that the basic elements
for developing test cases. The proposed process has
been illustrated with respect to the Tropos
development process. It provides systematic
guidance for generating test suites, the detailed
design agent. These test suites, on the one hand, can
be used to refine the analysis of objectives and to
detect problems early in the development process.
On the other hand, they are subsequently executed to
test the objectives from which they were established.
Agile [21] defines a test phase based testing
framework JUnit [22]. To use this tool, designed for
testing OO, MAS test in context, they need to
implement a platform agent sequential, strictly used
for testing, which simulates asynchronous message
passing. The ACLAnalyser [23] tool runs on the
JADE [24] platform, it intercepts all the messages
exchanged between agents and stores them in a
relational database. This approach exploits the
clustering techniques to construct graphs of
interaction of agents that support the detection of
failed communication between agents that are
expected to interact, configurations execution
asymmetric and the data exchanged between agents.
Padgham [25] uses design artifacts (e.g., interaction
protocols and agent design specification) to provide
automatic identification of the source of errors
detected during execution. A debug agent is added to
the central MAS to monitor the conversations of
agents. It receives a carbon copy of every
communication between agents, in a specific
conversation. The interaction protocol specifications
to the call are taken and analyzed to detect erroneous
conditions automatically. Rodrigues [26] proposed
to exploit the social conventions, norms, rules, that
prescribe the authorizations, obligations, and / or ban
agents in MAS open to an integration test.
Information available in the specifications of these
agreements give rise to a number of types of
assertions, such as time to live the role, cardinality,
and so on. During the test run of a special agent,
called agent will report to observe a events and
messages to generate analysis results thereafter.
Nguyen [27] propose to use the ontology (S)
extracted from MAS under test and a set of OCL
constraints, which act as a test oracle. Having as an
input a representation of the ontology (s) used, the
idea is to build an agent capable of delivering
messages whose content is inspired by these
ontologies. The resulting behavior is believed to be
correct by using the input set of OCL constraints: if
the message satisfy the constraints, the message is
correct, this procedure is supported by ECAT, a
software tool. Houhamdi and Athamena [20] has
introduced a new approach to goal-oriented software
testing integration. They propose an approach to
derive a test suite for integration testing, that takes

goal-oriented artifact needs analysis to derive test
cases. They discussed how to derive test suites for
testing the integration of architectural design and
detailed system objectives. These test suites can be
used to observe the emergent properties, resulting
from potential agents and make sure that a group of
agents and contextual resources function properly
together. This approach defines a structured test and
overall integration and junction sequence of
processes for engineering software agents by
providing a systematic way to derive test cases from
the analysis objective. Houhamdi and Athamena
[28] introduced an approach to derive a test suite to
test the system that is goal-oriented. Requirement
analysis artifact that are the basic elements for
developing test cases. The proposed process has
been illustrated with respect to the Tropos
development process, provides a systematic
guidance for generating test suites for modeling
artifacts, produced with the development process.
They discussed how to derive test suites to test the
system and delay the requirement to architectural
design. These test suites, on the one hand, can be
used to refine the analysis of objectives and to detect
problems early in the development process. On the
other hand, they are subsequently executed to test
the objectives from which they were established.

4. AUTOMATED CONTINOUS TESTING

As observed from the issues highlighted above in
the section 2, manual testing of MAS is a
troublesome job. Testing MAS can be effectively
done by automating the testing job and the process
should be done in a continuous fashion. The
continuous streaming of testing process is required
due to uncertain and complex nature of MAS along
with huge data to be tested. The proposed automated
continuous testing framework will extensively test
the system covering maximum units. The proposed
framework complements the manual test case with
each other rather than replacing the manual test
cases. Due to continuous automated testing, various
conditions which are responsible for errors can be
reveled which are otherwise hard to reproduce
manually. The other issue is to figure out the
importance/rank of the module under consideration.
The higher rank modules must be tested
exhaustively while on the other hand, modules with
lower rank of importance do not need exhaustive
testing. This differentiation is done to make optimal
use of available resources along with making the
objective to produce an error free system. We will
introduce two different strategies of testing, named
as Rank Oriented Random Testing and Rank
Oriented Exhaustive Testing. Depending upon the
rank of a particular module, the appropriate testing
strategies can be applied. The idea of introducing
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rank based testing is to save time, cost and other
resources incurred in testing process especially
during testing of a multi agent system. The basic
necessity of the testing process is to figure out the
maximum number of errors in the system. The other
consideration is of the agent interdependency. As
agents are interacting with other agents in a loosely
coupled environment, so establishing a valid inter-
dependency relationship between the chains of
interacting agents to fulfill the goal is really
required. This can be achieved naturally because
agents interact with each other by message passing.
The valid states of the caller and cal lee agents in
MAS can be checked during testing process in order
to test the agent dependency. As the nature of MAS
can change over time, may be between two
successive executions, due to their learning
capabilities, a single test case execution is not useful
to reveal all the errors. The test time and number of
test suites can be increased by using autonomous
property of the agents. Automated continuous agents
can continuously test the MAS units without the
need of any human intervention and can proceed on
their own without human attention. Continuous
testing of MAS requires that the tester agent has the
capability to develop existing test suites and to
generate new test suites, with an aim of exercising
and stressing the application as much as possible.
The final goal is to reveal yet unknown faults.

5. EARCT (ENVIRONMENT FOR
AUTOMATED RANK BASED
CONTINOUS TESTING)

We propose a framework for automated rank
based continuous testing named EARCT
(Environment  for  Automated Rank based
Continuous Testing). We propose three main
components: The Autonomous tester agent, the
observer agent, the ranking agents and two testing
strategies: the rank based random test case
generation and rank based progressive mutant test
case generation.

The Autonomous Tester Agent: The dedicated
autonomous tester agent will continuously test the
MAS by means of message passing. It will
continuously interact with the agents under test
(AUT) by sending message to other agents,
simulating the behavior of the caller or cal lee agents
analogous to writing stubs and drivers in top down
and bottom up testing respectively. The process will
be autonomous and will execute in background,
without any human intervention and continuous
fashion in order to achieve the basic goal of
revealing maximum faults in the system. The test
suites of tester agents will contain the dummy
messages to be sent to AUT. These messages can be
extracted from the goal diagram using TROPQOS.

The Observer Agent: The observer agent works
like a watch dog over the autonomous tester agent
and AUT. It observes the communication pattern
between both of them. The observer agent will have
knowledge about the pre and post state conditions of
the AUT, error conditions, crash situations and even
deadlock conditions. In case of any of the above
mentioned case occurred the responsibility lies with
the observer agent to inform about the problem(s) to
the testing team. The testing team can then figure
out the faults in the system. In figure 1 shown, the
observer agent will be working as a master for the
local observer agents. This is very much required
because MAS works in heterogeneous environment.
It is always the case that an agent in one
environment will interact with the other agents in
some other environment, and it is not necessary that
the two environments has to be the same. To avoid
side effects, the role of these local observer agents
becomes very crucial. These local bodies report to
the central observer agent who provides a global
view about the agent inter-relationship and the
environment. This global view in turn helps the
ranking agent to evaluate the AUTs behavior after
the inclusion of mutants into them. Thus the role of
observing agent is to keep track of the interactions
between AUTs and their pre and post conditions
along with providing the execution scenario to the
ranking agent. This covers the ‘black box’ problem
discussed in the previous section.

The Ranking Agent: One of the issues related
with the continuous automated testing is that how
many test suites must be executed on AUT in order
to get a satisfactory condition about functionality of
the components or units. Applying an exhaustive
testing technique on those functional units which are
having low importance or we can say low ranking is
not a good idea. In the same way, the AUT having
high rankings must be tested fully using exhaustive
testing technique discussed in the subsequent
sections. For low rank AUT, random testing
technigue can be applied, which will save time and
other efforts of the testing phase. The other issue is
related with the agent inter-dependency. As agents
interact with each other seamlessly with other agents
in the environment, the chain of agent
interdependency sometimes grows profusely. It gets
difficult to test the long and complex chains of the
communicating agents. The role of ranking agent is
to provide pathway to the tester and observer agent
to limit the number of test cases of AUT based upon
their rankings and to limit the length of the chain of
interacting agents. Higher the ranking, more
rigorous testing will be followed on AUT and
maximum inter-dependent chain of agents will be
tested and vice-versa.

The main aim of EARCT is to enhance the
efficiency and quality of one of the most important
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phase of software engineering- The testing phase.
Agents are very complex in nature and can pose
extreme problems before the testing team. Testing
based on ranks can help in figuring out maximum

EARCT

AGEMT EMVIROMMEMT L

nter-Environment Agsnt

AGEMT ENVIRONMENT 2 Communication

Fig. 1 - EARCT (Environment for Automated Rank
based Continuous Testing)

6. TESTING STRAEGIES

As discussed earlier, the exhaustive testing is not
possible for all the agents in the environment. The
selective or random testing is done for low rank
agents and exhaustive testing is done for the high
rank agents. The two techniques are discussed in the
following section:-

Rank Oriented Random Testing: The tester
agent is capable of sending random generated data
through random test data generation mechanisms
[30, 31] to the AUT, using some communication
protocol. The tester agent has to select one of the
communication protocols available from the domain
specification, to include meaningful and domain
specific data into the communication messages. A
model of the domain data, coming from the business
domain of the MAS under test, must be also
supplied. Various types of communication protocols
are described and practiced such as UML based
sequence diagram, complex cooperation protocol,
activity diagrams, collaboration diagrams and the
most widely accepted, the FIPA Interaction Protocol
[29] in JADE [24]. In addition to the protocol, the
format for the message passing between the tester
agent and the AUT must also be supplied. One such
type is FIPA ACLMessage [29]. Various ACLs
(Agent Communication Language) are proposed by

many researchers but the two most discussed and
practiced ACLs are KQML (Knowledge Query and
Manipulation language) and FIPA-ACL (Foundation
for intelligent physical agent ACL). Both of them
rely on speech act theory developed by Searle in
1960 and enhanced by Winograd and Flores in the
1970s. Speech act theory is derived from the
linguistic analysis of human communication, based
on the idea that with language the speaker not only
makes statements, but also performs actions. But out
of these two ACLs, FIPA-ACL is a standardization
consortium. The JADE platform (Java Agent
Development Environment) provides basis for
FIPA-ACL. We will be using FIPA Interaction
Protocol for agent communication and FIPA-ACL as
the communication language. Due to their wide
acceptability, the random test data generation
technique then has to be selected by the tester agent.
The random testing technique will be initiated by the
rank agent based upon the ranking of the AUT. The
testing team can decide the minimum (Min-R) and
maximum rank (Max-R) number to initiate the
testing strategy. Moreover, as discussed above, the
number of AUTs collaborating together in a chain
can form a huge series. The ranking of agents will be
used to limit the chain for testing purpose. Higher
the rank, more AUTSs in the chain will be tested. The
testing team can decide the minimum and maximum
rank numbers and these values can be encoded in
ACL message as parameters. The communication
protocol can be extended to accommodate the ranks
of the AUTSs. In order to define the rigor of testing
effort and to limit testing effort in the chain of
interacting agents, the overall model of the rank
based agent random testing will serve the following
purpose:

e The model will prescribe the range and the
structure of the data that are produced
randomly, either in terms of generation rules
or in the (simpler) form of sets of admissible
data that are sampled randomly.

e Long and meaningful data and interaction
sequence using random sampling is very hard
to generate. The ranking mechanism of agents
will limit the data and number of interactions
between AUTSs, making rank based random
testing a cheap and efficient testing technique
to reveal faults in the agent based system.
Experimental details will be presented in the
subsequent sections.

Randomly generated messages generated by the
tester agent are then sent to AUT and response is
observed by the observer agent. The response can be
a successful state transition, an exception, a
deadlock condition or a crash etc. Whenever the
observer agent observes a divergence from the
agent’s expected behavior, the exception(s) is
reported back to the testing team. It is the
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responsibility of the observer agent to keep track of
the actions and reactions occurring between the
tester agent and the AUTSs. The idea is not to fully
automate the testing process but to support the
manual testing in order to improve overall testing
experience by reducing testing effort.

Rank Oriented Exhaustive Testing: Ranking
Agent help the autonomous tester agent to decide on
which AUT, random testing technique has to be
applied. In the case where it has been decided by the
Ranking and tester agent on the basis of ranking that
random testing is not sufficient for the AUT, another
testing strategy has to be applied. For those AUTSs,
having higher order of ranking, exhaustive testing is
useful. It is evident that longer the sequence
generated for the series of interacting agents, the
likelihood of revealing faults is maximized, required
for higher degree ranking holder AUTSs.
Sophisticated techniques as compared to random
testing are required. One such proposed technique is
rank oriented exhaustive testing. We are proposing
the combination of progressive testing and mutation
testing with the name- agent oriented rank based
exhaustive testing. Simple exhaustive testing for a
chain of agents is not possible due to amount of data
to be tested. So for higher ranking agents, a
combination of progressive and mutation testing [32,
33] can be done. Mutation testing is a kind of
software testing, which involves modifying agent’s
source code in small ways. Mutation operators will
be applied to original source code to inject the
artificial and known defects. A mutant can be a
modified branch condition, a wrong variable name
or a modified method invocation process etc. A test
suite will be considered as defective which does not
detect and reject the mutated code. On the contrary,
if the test case is able to detect the artificially seeded
defect in the program, the mutant is considered to be
‘killed’. The adequacy of the test case is measured
as the ratio of total killed mutants over total number
of mutants generated. The purpose is to help the
tester develop effective tests or locate weaknesses in
the test data used for the program or in sections of
the code that are seldom or never accessed during
execution. This is required for higher ranking AUTs
or chain of AUTs to make them more reliable and
robust. The next step is to combine the mutation
testing with the concept of progressive testing and
ranks of the AUTs. For moderate or higher ranking
AUTSs, this kind of exhaustive may be applied. The
decision it again left with the testing team depending
upon the project management and software
engineering requirements. In exhaustive testing, we
assume that if we want to have a best test suit, it can
be developed gradually in a progressive way [34,
35]. The idea is to evolve test suites by applying
mutation operators to the test cases themselves by
the tester agent. The ranking agent will provide a

pathway to the tester agent in the form of a heuristic
value, which is the defined as the shortfall of the test
case to achieve the testing goal. Lower the value (i.e.
test case is an effective one), it is more likely to
happen that ranking agent will choose the particular
test case for progression into another stringent
version. It is assumed that test suites, which can kill
maximum mutants will have higher probability to
reveal faults. We have designed a simulator for the

same as shown in figure 2.
Phasel: |Mutants and Test Case Generation:

1.1 & For test on AUTe in MAS, generate mutante {Ma, Ma... Ma}

1.2 4 det Rank values /R, F2... Fa} from the ranking agent for each
AUT

1.3 & Apply all/maximum mutants to higher rank AUTs and one or
more to lower rank AUTe

1.4 & Randomly generate teet cages {TCy, TCa... TCq)

Phase 2: |Execution Phase and heuristic value evaluation:
2.1 & Autonomous tester agent to execute sach test caze on all
mutants generated in the phaze 1
22 & Ranking agent will compute the heuristic value of each test caze:
HV[TC=MKi/n, where HV stands for heuristic value, MK stands for
mutante killed and n stands for total number of mutante generated
Phase 3: | Test case progression:
3.1 & Felect test cazes with higher order of heuristic value HV[TC.
3.2 & Apply another set of generated mutante on the test case eelected
by the ranking agent.
3.3 Add the newmutated test cazes to the existing zet of test cazes.
Phase 4: |Check Status:
4.1 & If maximum numbers of generations are achieved then 8TOP and
EXIT. elze

42 & Check #nprovements in the hewistice wvalue for all the
progressive iterations.

43 & If thete & no improvement go to step 1.1 elze

4.4 & Reporttest results to testing team.

Fig. 2 — Simulator design for Rank Oriented
Exhaustive Testing

7. EXPERIMENTAL DETAILS

We have simulated the EARCT environment
using a hypothetical case study derived from a
hospitality sector. We have also used TAOMA4E
(Tool for Agent Oriented Visual Modeling for the
Eclipse platform) for goal oriented modeling, code
generation and testing for goal-directed system. As
TAOMA4E follows TROPOS methodology as its
basis, we will also use the same methodology to
implement our case study. TAOMAE supports
TROPOS’s early and late requirement modeling
requirements, architectural design and also provides
support for automated agent oriented
implementation and testing. TAOMAE is developed
by the Software Engineering unit at Fondazione
Bruno Kessler (FBK), Trento. The current version
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0.6.3 is downloadable under GPL license from the
tool homepage http://selab.fbk.eu/taom. The t2x
code generation tool provided by TAOMAE can
transform problem domain to solution domain by
mapping goal models to a goal-directed
implementation on the Jadex BDI agent platform.
Explicitly preserving goal models at run-time and
providing the proper middleware for navigating this
model and acting according to it. Agent code can be
generated from the graphical interface, and the
implemented prototypes are executable directly from
the Eclipse user interface. The recent addition in
TAOMAE framework is Goal Oriented Testing tool
to support testing and validation along the process
phases. The EARCT framework will directly derive
test cases from the goal models of TROPOS and
uses them to implement agents.

8. RESULT AND CONCUSION

We have done manual testing as well as testing
using EARCT framework on the case study. In
manual testing, we applied two manual testing
techniques viz. random testing which includes
branch coverage and mutation testing. The choice is
obvious, we will perform the same type of testing
using EARCT framework by rank oriented random
testing and rank oriented exhaustive testing
strategies. The results will be compared then. The
results are compared on the basis of three
parameters: 1) Number of errors revealed and error
type, where error type could be classified as fatal,
Moderate or Low based upon the severity impact of
these errors on the software, if these errors would
have remained hidden during testing. 2) Effort
utilized; this is measured as the time taken in
minutes to figure out the errors(s) in a particular
module/agent. 3) As discussed, the agents can form
a complex chain reaction to fulfill the social goal.
We are considering one more parameter i.e. number
of linked branches/modules/AUTSs tested to test the
unit in question. Longer the tested chain, more the
team will have confidence in the testing process.

The desirable software engineering scenario is to
have maximum number of errors revealed by testing
maximum units in the chain and utilizing minimum
effort in terms of time spent on testing.

Further, as already discussed, using agent based
testing we are also implementing the concept of
ranks for the agents. The ranking is done in
ascending order i.e. agents having ranking «1» will
be the most important module and module with
ranking «2» is the next unit in the importance list.
The ranks will be fetched directly from the
requirement phase. Again the idea is to put
maximum effort on the important modules and pay
somewhat less emphasis on the less important
module. This is necessary to as to optimize the

quality-effort ratio. As agents based systems are
very complex in nature, it is not feasible to test each
and every agent exhaustively, rather few important
one can be tested fully and rest partially to save
time, resources and efforts.

In the table 1 shown below, we have manually
tested four modules from the case study using
Random Branch Testing. Table 1 shows the time
taken (in minutes) to test the module, number of
errors revealed, error description, error type and
number of linked branches tested. In table 2, the
table is having one more column in the end- the rank
of the module. Again table 3 and 4 shows the
parameters obtained using manual mutation testing
and agent based exhaustive testing respectively.

Table 1. Random Branch Testing (Manual)

Random Branch Testing (Manual)
Effort No. of Branch
(Time
taken in errors Error level
Module . Revealed . Error Type | covered
Mins) Description
(Manual (Manual
(Manual Mode) Mode)
Mode)
1 20 3 Calculation FATAL 3
Error
Boundary-
2 34 2 check related] MODERATE 2
error
Boundary-
3 17 4 check related] MODERATE 5
error
Compatibilit
4 23 5 | Y¥ fvoperaTe| 3
intersystem
defect

Table 2. Agent Based Continuous Rank Oriented
Random Testing

EARCT-Agent Based Continuous Rank Oriented Random Testing
Effort
(Time | No. of
taken | errors Error Error Number
Module] in |Revealed Description Type of AUTs] Rank
Mins.) | (Agent Covered
(Agent| Based)
Based)
Calculation
1 11 4 Error, Control | Fatal 9 2
Flow error
2 6 3 Boundary 1\ gium| 6 3
check missing
Unhandled
condition,
3 13 7 Caleulation f oo | 43 1
logic error,
Control Flow
defects
4 10 4 Performance Low 6 4
bug
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Table 3. Mutation Testing (Manual)

Manual Mutation Testing
Effort
(Time
taken No. of Modules
i errors Error Covered
Module | ' |Revealed L Error Type
Mins) (Manual Description (Manual
(Manu Mode) Mode)
al
Mode)
Keyword
1 20 2 constraint FATAL 3
violation
2 34 2 Update FATAL 2
Anomaly
3 17 4 Return Empty LOW 5
4 23 5 | Unexpected yoperaTe| 3
Result

Table 4. Agent Based Continuous Exhaustive Testing

EARCT-Agent Based Continuous Exhaustive Testing
Eﬁ_‘ort No. of
(Time
taken i errors Error Number
Module a «_sn in Revealed . Error Type|of AUTs| Rank
Mins) Description
(Agent Covered
(Agent Based)
Based)
Calculation
1 11 4 Error, Control Fatal 9 2
Flow error
2 6 3 Boundary | pregium | 6 | 3
check missing
Unhandled
condition,
3 13 7 | Caleulation | popy 13 |1
logic error,
Control Flow
defects
4 10 4 Performance Low 6 4
bug

As shown in figures 3, 4, 5 6, 7, 8 the
comparative results are highly noticeable. The time
taken by the automated agent based testing is
substantially low as compared to the manual one for
each of the module. The evaluated error count and
linked units/agents covered are also on the higher
end as compared to the manual one. One noticeable
observation is that in case of module 4, the
performance delivered by the agent based testing
mechanism is not that good in terms of evaluated
error count because of its low ranking. The
exhaustive strategy is not applied on this module due
to its low ranking, resulting in less error discovery
and less linked units covered. This is one
compromise the testing team has to make while
taking decisions about the subsequent testing
strategy and other software engineering paradigms
like correctness, completeness, consistency and of
course time and quality. If the module is having
higher ranking the resources utilized will be on the
higher end and vice-versa.

Effort Comparision

—#—Effort (Time taken in Mins) (Manual Mode)
40
35

30 /\

Effort (Time taken in Mins) (Agent Based)

Module ->

Fig. 3 — Effort Comparison- Manual Random Branch
Testing Vs Agent Based Continuous Rank Oriented
Random Testing

Evaluated Error Count

—#—No. of errors Revealed (Manual Mode) < No. of errors Revealed (Agent Based)

2,

Module ->

Fig. 4 — Evaluated Error Count Comparison- Manual
Random Branch Testing Vs Agent Based Continuous
Rank Oriented Random Testing

In this paper, we have shown that current manual
techniques for testing are not good enough to answer
the issues mentioned in the earlier sections. The
problems like autonomy, social nature, complexity,
agents’ inter-dependency and non-deterministic
nature can be answered using continuous testing
only. Further to optimize various software
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engineering paradigms like number of errors
revealed in unit time and effort spent on the chain of
interacting or inter-dependent agents etc, the agent
ranking method is useful to help the testing team to
take decisions about the subsequent steps.

Branch Coverage

~#—Branch level covered (Manual Mode)  Branch Level covered (Agent Based)

—
~

—
~

ered
=

o

No.ofBranches Cov

:

Module ->

Fig. 5 — Branch/AUTs Coverage Comparison- Manual
Random Branch Testing Vs Agent Based Continuous
Rank Oriented Random Testing

Evaluated Error Count

—m—HMo. of crrors Rovzalzd (Manaal
IMode
Ko, of errors Rev=alzd (Azent
Based)
]
7
53
2
£® ==
34 —
E /l'
w? ./
2 i
1
0 T T
1 2 3 4

Moduls =

Fig. 7 — Evaluated Error Count Comparison- Manual
Mutation Testing Vs Agent Based Continuous Rank
Oriented Random Testing

Effort Comp arizion

—@— Effort [Time taken in Mins] [Manual Mode]

Effort [Titne talten in Ming] (AzentBaszed)

40

. A
7 \\
L/ -

-

Efforts in Mins

Module -=

Modules/AUTs Coverage

—®— M odules Covered (Manual
Mode)
Mumber of AUTs Covered

—
=

iy
)

iy
L)

[o3)

No. of Branches Covered
s

|

o

Module >

Fig. 6 — Effort Comparison- Manual Mutation Testing
Vs Agent Based Continuous Rank Oriented Random
Testing

Fig. 8 — Modules/AUTs Coverage Comparison-
Manual Mutation Testing Vs Agent Based Continuous
Rank Oriented Random Testing
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®OPMYBAHHSA NIHIBICTUYHOI OHTOJOrIT HA BA3I
CTPYKTYPOBAHOI'O EJIEKTPOHHOIO EHUUKINONEAUYHOIO
PECYPCY
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Onekciit Mununuyk 2, Bonogumup TapaceHko 2

1) KuiBcbkuii yniBepcuret imeni bopuca I'pinuenka, Tumomenko, 13-b, Kuis, 04212, Ykpaina, may-62@ukr.net
2)HTYY «KIl», xapenpa CIICKC, mpocm. [Tepemorn, 37, Kuis, 03056, Ykpaina.
mes(@scs.ntu-kpi.kiev.ua, ilexcorp@ukr.net, vtarasen@scs.ntu-kpi.kiev.ua

Pe3tome: Bupiwennsa 3adaui inmenexmyanizayii inghopmayiiHo-nouykogoi OiANbHOCMI  8UMA2AE 3ACMOCY8AHHS
OONOMINCHUX Cneyianizoeanux JaiHegicmuunux pecypcie. OOHUM i3 makux pecypcié modxce Oymu JiH28icmu4Ha
onmonoeia npeomemuoi eanysi. Cmammsa poszensioac nioxio 00 opeanizayii npospamHux 3acobdie  0na
ABMOMAMU308AHO20  (OPMYBAHHSI  OHMOAOIYHOI  6a3u  3HAHbL  WISAXOM — KOHEepmayii  CMpYKmypo8aHo2o
EHYUKTIONEOUUHO20 pecypcy Yy 6i0nogioni ob’ckmu onmoaocii. Posensioaiomvcs npoyedypu CmeopenHs NOHAMmMeBol
basu onwmonoeii, icpapxii nouwsmv ma Mmepedci acoyiamueHux 36 ’a3xie. IIpoeooumvcs 00cCniOdNHcenHs: AKICHO20 ma
KIIbKICHO20 CKAAOY CEHOPMOBAHOI eKCnepuMeHmanbHol OHMON02IT HA OCHO8I YKpaincbKkoeo ceemenmy Bikineoii.

Kuro4oBi ciioBa: ninesicmuuna onmonoeis, ceMaHmuyti 6iOHOWeHHs, CIMPYKIMYPOBAHA eHYUKTIONeOisl.

A CREATION OF THE LINGUISTIC ONTOLOGY BASED ON A
STRUCTURED ELECTRONIC ENCYCLOPEDIC RESOURCE

Anton Mykhailiuk ", Olena Mykhailiuk 2,
Oleksiy Pylypchuk ?, Volodymyr Tarasenko ?

Y Borys Grinchenko Kyiv University, 13-b Tymoshenko str., Kyiv, 04212, Ukraine, may-62@ukr.net
Y NTUU «KPI», SP SCS, 37 Peremogy avenue, Kyiv, 03062, Ukraine
mes(@scs.ntu-kpi.kiev.ua, ilexcorp@ukr.net, vtarasen@scs.ntu-kpi.kiev.ua

Abstract: Solving the problem of intelligent information retrieval requires the use of additional specialized linguistic
resources. One of such type of resources is a linguistic ontology of a subject field. The paper considers an approach to
develop software for an automatic creation of an ontological knowledge base by the converting structured encyclopedic
resource into appropriate ontology’s objects. The procedures of creation of the ontology entities base, the hierarchy of
entities and the network of associative links are considered. Qualitative and quantitative analysis of the produced
experimental ontology based on Ukrainian part of Wikipedia is investigated.

Keywords: linguistic ontology, semantic relations, structured encyclopedia.

BCTYN tesaypycu [l], cemantmuni wmepexi [2] Toro.
30kpemMa, OCTaHHIM dYacoM 3HAYHO ITOCHIIUBCS
1HTEpec 70 3aCTOCYBaHHs OHTOJIOTIH iz 4ac poboTn
3 TEKCTOMICTKUMH 00’€KTaMH, II0 HE BHIAIKOBO,

IHTenexryanizamis NpoUEAyp aHami3y KOHTCHTY
Ta iH(OPMAaLi{HO-TIOIIYKOBOI IisNTFHOCTI BHUMArae

pO3poOKHU crieniaai30BaHuxX JIHTBICTUYHUX . .

. . . OCKIJIBKM OHTOJIOTISL 32 CBOEK IPHUPOAOCKD Mae
pecypciB, ski O Morau OyTH BHUKOPHCTaHI JJist .
. . . . BiIOOpa)kKaTH CTPYKTYpy JIOACBKMX 3HAaHb PO
IiIBUILEHHS e(heKTUBHOCTI iH(opMaIiiiHo-

oTouyrounii cBiT. Lle n03BosIsIE BUKOPUCTOBYBATH ii
IUISl IPUBHECEHHS 3MICTOBHOT KOMIIOHEHTH B TIPOLIEC
00po0OKHu iHGopMamiiHNX 00’€KTiB, iX aHamizy, a

AHANITHYHUX TporpaMHUX 3aco0OiB. lle mamo 6
CYTTEBHH MOIITOBX PO3BUTKY TaKHX JIIHTBICTUYHHX
pecypciB, SIK CJIOBHUKUA CHUHOHIMIB, KOMII IOTEpPHI
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TaKOXX B TMPOIEAYPH iHPOPMAIIHHOTO TIOUIYKY IT0
nux 00’ektax. [IOHATTA OHTONOTII IyXe€ MIMPOKO
TPaKTy€eThCS K B 3arajbHO (ilocodchkoMy CeHC,
Tak 1 Oe3mocepeHhO B pamKax iH(oOpMaIiiHIX
TexHousorii. Lle moB’si3aHo, B MepIly 4epry, 3 THM,
IO OHTOJNOTiIi MOXYTh pI3HUTHCH 32 piBHEM
MOJAaHHSA, 3@  MNPHU3HAYCHHSIM, 3a  c¢eporo
3aCTOCYBaHHS Ta METOJUKOK (POpMyBaHHS TOILO.
OCKIJIbKU OJHIEI0 3 HAHMOUIMPEHIIIMX rany3eH, ne
3aCTOCYBaHHS OHTOJIOTI] BOAYa€ThCs AOLUIBHUM Ta
MIePCIEKTUBHIM, € cepa iHDOpMaIiHHO-TIONTYKOBOT
IisTBHOCTI (B mepiny yepry ue momyk [3, 4] abo
iHpOpMaLiitHUH MOHITOPUHT [5] TEKCTOBUX 00’ €KTiB
B TnoOanpHii abo INOKambHIA i1H(QOpMaMiiHINA
Mepeki), TOMy OHTOJIOTIIO JNOITIIFHO PO3TIIIATH 3
MO3HIi JIHIBICTMKH, OCKUIEKH OO0 €KTH MAalOTh
TEKCTOBY NpupoAdy. JIiHrBiCTHYHA OHTONOTIS — IIe
crieriabHa 0aza 3HaHb, IO OIUCYE TOHATTS
30BHIIIHBOTO CBITY Ta BIJIHONMICHHS MiXK HHMH.
Pazom 3 TUM e 0CcOOIMBHI KJIaC OHTOJIOTIH, 1€
MTOHATTS (DOPMYIOTHCS Ha OCHOBI MOBHHUX OJIWHUIID,
10 BIIHOCATHCS JO MEBHOI mpeaMeTHoi ramysi [1].
MoXHa BHIUIMTH HACTYMHI BaXKJIHMBI PUCH IS
CTPYKTYPHO-JIOTIYHUX  BIIACTUBOCTEH  MOIMIOHHMX
OHTOJIOTIH:
® KOXKHE IOHATTS IPEAMETHOI raly3i HoJaeThes B
OHTOJIOTI{ 32 JOMOMOTOI0 CHHCETa — CyKYITHOCT1
OMM3BKHUX CHHOHIMIB, II[0 MAalOTh MOAI0HE

3HAUYCHHS,
® KOKHUM CHHCET Ma€ IIEBHHHM 3MICT, IO
MOMAETHCSA  3a  JOMOMOTOI0  YHIKQJIBHOTO
TIyMaueHHS;

® pDi3HI TOHATTS MOXXYTh MaTH OJHAKOBE MOBHE

MOJIAHHS, B TAKOMY Pa3i MOXXHA TOBOPHUTH IPO

0araTto3Ha4yHi TEPMiHU, a CMHUCJIOBE PO3Pi3HEHHS

TAKUX TOHSITH MOXJIHBE 3a  JOIOMOIOKO

TIyMa4eHb;

® BCi CHHCETH 00’ €IHYIOTHCS B €IUHY i€papXidyHy

TaKCOHOMIIO TIOHATH — BiJl aOCTPaKTHUX TOHSTH

JI0 KOHKPETHUX;

® CHHCETH OHTOJIOTII 3B’sA3aHi MK €000 3a

IIOIIOMOT OO CEMAHTHUYHUX BiJHOIIIEHD,

HaWTIOMIMPEHINTI 3 SKUX — I BiIHOIICHHS

acouiaiii Ta rinoHiM-TinepoHim [1].

KpiMm TOro, BUKOpHCTAaHHS OHTOJIOTiIH B
ABTOMATUYHOMY DPEXHMI JJIS1 CHHTCTUYHUX MOB, JIO
SIKUX HaJCKHUTh 1 YKpaiHChbKa MOBa, BHMarae
JIOTIOBHEHHSI OHTOJIOTii HOpPMaJILHUMHU (popmaMu
CIIB U1 IIOHATH OHTOJIOTI.

®dopMyBaHHS OHTOJIOTII TPOTPAMHUMHE 3ac0o0aMu
nependavyae aHalli3 IMEBHOI'O TEKCTOBOTO MAaCHBY
JAaHWX, BUOKPEMJICHHS TIOHATh Ta iIeHTH]IKAIIi0
3B’S3KIB MK HAMH Yy BIANOBITHOCTI IO 3aIaHUX
CEMaHTHMYHHMX  BigHomednb. Ha xamp, Taka
mpoleAypa BUMAarae HAJATO CKJIAIHOTO arapary
CEMaHTHYHOTO aHalli3y, SKWH BTIM HE TrapaHTye

SIKICHOT peamizartii OHTOJIOTI1 gepes
HEOJHO3HAYHICTh IHTEpHpeTanii MNPHUPOJOMOBHUX
TEKCTiB. BupilleHHAM LBOTO MUTAaHHS, HA HAIIy
IYMKY, MOYKe OyTH 3a]ydeHHs KOJEKIlii TOKyMEHTIB
SHIIMKJIONICIMYHOTO (CTIOBHUKOBOTO) XapakTepy, 1o
MalTh  YiTKy CTPYKTypy Ta  CTBOPIOIOTHCS
ekcriepramu.  Came  Takol  CTPYKTYPOBaHOIO
KOJICKITI€I0 JIUIT Hac BOAUA€ThCS BUTBHA CIICKTPOHHA
eHnukIonenis — Bikinemis [6]. [i crarri sBSTIOTH
co0O0I0 OMKC TOTO UM IHIIOTO MOHATTS, IPH ILOMY
ONHMCOBAa YaCTHMHA Ma€ IIJIKOM YITKY CTPYKTYpY 1,
KpiM TOTO, MICTHTh MOCHJIaHHS Ha iHIm ctarti. Le
pOOUTH MOMJIMBHM aBTOMATH3aIlil0 OOpOOKH TaKHX
JTOKYMEHTIB Ta (pOpMyBaHHS OHTOJIOTII.

OTxe MeTa JaHOI CTAaTTi TOJISITae B PO3poOIri
cnoco0iB opranizanii mporpamMHHX 3aco0iB, sKi O
JTO3BOJIUIIA B ABTOMAaTUIHOMY abo
HaIliBABTOMATHYHOMY pexumi CTBOPHUTH
JIHTBICTHYHY OHTOJIOTIYHY 0a3y 3HaHb Ha OCHOBI
CcTaTeil TEBHOr0O MOBHOTO CErMeHTy (Hamp.,
YKpaiHCHKOTO CETMCHTY) Bikimemii TUTS
3aCTOCYBaHHS B iH(pOpMAaIiTHO-TTOITYKOBIf
JiSUTBHOCTI, 30KpemMa B npoueaypax
KBa3iCEeMaHTUYHOTO TOMIYKY [7].

1. CTPYKTYPA BXIOHNX OAHUX

PoGora mporpamHmx 3aco0iB  (opmyBaHHS
OHTOJIOTII Ma€ BHKOPHUCTOBYBATH OCOOJHMBOCTI
CTpYKTypHOi opranizanii wmarepianiB Bikineii.
CTBOpeHHs cTareil BiOyBaeThCs 3 BUKOPUCTAHHAM
crrertiansHOTO opMaty MediaWiki [8] (Puc.1).

<page>
<title>Koprex</title>
<id>19488</id>
<revision>
<timestamp>2010-01-21T18:45:56Z</timestamp>
<contributor>
<username>Igor Yalovecky</username>
</contributor>
<text xml:space="preserve">"Koprex" aGo "n
ka&nbsp; - B [[MaTemaTuka|MaTemarui] |
BIIOPSIIKOBaHa Ta [[CKIHYEHHAa MHOXXMHA|CKiHYeHHa]]
CYKYIIHICTb €JIEMEHTIB ...
==]IUBITbCS TAKOK==
* [[dexapTiB moOyTOK]]
* [[@opmanbsHa MoBa]]
[[Kareropis:Teopis MHOXHH] |
[[KaTeropis:Pemsamifina momens qannx ||
[[en:Tuple]] [[ru:KopTex]]
<text>
</revision>
</page>

n.n

Puc.1 — ®parment XML-10kymenTa crarri Bikinenii
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Ileit dbopmar M03BOJIIE OMHO3HAYHO OMHCYBATH
CTPYKTYPHI €JIeMEHTH CTaTTi (3arojIOBKH, PO3IiIH,
MMOCHUJIaHHSI, METa-eJICMEHTH TOIIO0), [0 B CBOIO
4epry Ja€ 3MOry e(eKTHBHO B aBTOMATHYHOMY
pexumi ix oopoOusaTu. Beck apxiB KosekIlii IEBHOTO
MOBHOI'O CETMEHTY cTared Bikimenii 30epiraetbcs y
Burisani  XML-mokymeHnTa 1 OOCTYmHWE — Juis
3aBaHTaXeHHS. XML-po3MiTka 1a€ 3MOTY BHIUIATH
HEeOoOXiTHI By3/H JyIs oaaibinol oopooku. Ha puc.1
HaBEJCHUU MPHKIAJ] By3/la, IO ONUCYE OAHY i3
cTaTel i3 yKpaiHChKoTo cermenTa. Jlanuit pparMedT
UTIOCTpy€e CcTpyKTypy XML-By3ma s crarTi, IO
omucye moHATTA «KopTtexk». Sk BUIHO i3 HBOTO
(parmMeHTa, naHWH By30l MICTUTh HE JIHIIE
BUXITHHUH KOJ CTaTTi, ajlle ¥ MdeIKy ITOTIOMIKHY
MeTaiHpopmanito. BracHe ans aHamizy KOHTEHTY
iHTepeC CTaHOBJIATH JBAa MOJS — Ie moie <title>

(3aro;oBoOK cTaTTi) Ta Tmoiie <text> (6e3mocepeTHRO
TEKCT CTAaTTI).

VYcio MHOXMHY crateid Bikinenii 3a pisHuMH
KPUTEPISIMU MOXKHA BIHECTH IO NEKITBKOX TPYITI,
110 3BeJieHi B Tabi. 1.

Amnaniz ctpykTypu Bikineaii no3sonsie 3pobutu
BHCHOBOK TIpO Te, IO CTarTi Bikimexnii pasom i3
B3a€EMHHMMH BHYTPIIIHIMH NOCHJIAHHSIMHU CTBOPIOIOTH
MEBHUI MPOTOTHII OHTOJIOTIYHOI 0a3u 3HaHb [6].
OCHOBHY poOIb TYT BiNirpaloTh TIyMayHi CTaTTi Ta
CTaTTI KaTeropii, a rpyma crareil OaraTo3HaYHUX
MOHSATH BUKOHYE JIOTIOMDXHY POJIb IpH 00poOIi
TIIyMayHUX CTaTeld MO KOXKHOMY 31 3HaueHb. Kpim
TOTO, HE3aBepIIeHI  CTaTTi  MOXYTb  OyTH
BHKOPUCTaHHI s imeHTH]iKamii 3B’SI3Ky Mix
IHIIMMU CTATTSIMU, SKIIO Ti OYIyTh MICTUTH Ha Hel
HOCHJIaHHS.

Taoauns 1. Buam crareii Bikinenii

Buj crarei Omnuc

Triymauni cTarTi

CrarTi ONMUCYIOTH TIEBHE IIOHATTS, MOmi0 abo sBumie. BimmoBigHO 10 Ha3BH €
OCHOBHHUM JDKEPEJIOM 1H(GOPMAIIHOTO HAMOBHEHHS CHIIMKJIONEIIl Ta BiJIOBIIHO
CJIYKaTh TOJIOBHUM JKEPEJIOM JJIsi CTBOPSHHSI OHTOJIOT.

Crarri, 1110
OIHCYIOTh
OaraTto3HayHe
IIOHSTTA

Le#t Bun crateil mpu3HAaYeHW A 30€piraHHs CIUCKY YCiX HasBHUX Ha IMOTOYHHMA
MOMEHT y BIIOBiTHOMY cerMeHTi Bikimenii 3HadeHb Aeskoro TepMiny. Taki crarTi
MICTATh TOCHJIAHHS Ha BIAMOBINHY TJIyMayHy CTaTTIO, SIKIIO Taka €, i KOPOTKUH
VHIKQJIbHUKA OMUC TO KOXKHOMY 3 CEMaHTHYHUX 3Ha4eHb TepMiHa. OCHOBHHIA
IHAMKATOP TAaKWX CTaTel — IIe HasBHICTH CIIyk00Boi MiTkH {{disambig}!} Ha To4aTKy
TEKCTOBOI YACTHHH.

Crarri
KaTeropii

CrarTi, 10 OMUCYIOTH MOHATTA-KATETOPIIO 13 3arajbHOI iepapxii kaTeropiit Bikinenii.
B Tiymaunmx crartsax ofHe a0o0 AEKiIbKa TaKWX IMOHATH MOXYTh BKa3yBaTHCh SIK
0aThKIBCHKI KaTeropii.

CrarrTi, 1m0
OMHUCYIOTh
thatimm

®aiinoBi cTaTTi onuCyrOTh (aitnoBi 06’ ekt Bikinenii (Hanpuknaa, 300paxeHHs) Ta
MicTATh cneun(iuHy AJS BIAMOBIIHUX 00’€KTiB iH(OpPMAIiI0 — MOCHIaHHS, PO3MIp,
THII TOLIO.

Hezagepmreni
CTarTTi

B TiymMadHMX CTaTTAX 9acTO 3yCTPIidarOThCS TOCHIIAHHS HA CTATTi, SKi 3 THX YH
IHIIUX TIPUYHMH [Ie HEe HamnucaHi. BOHWM He MalTh OMUCOBOI YaCTWHH, aje MaloTh
3aroJIOBOK.

Cry>x00Bi cTaTTi

Taki crarti He MarmTh Oe3MmocepeHbOT0 iH(GOPMAIIHOTO HaBaHTAXKEHHS,
CIIPAIMOBAHOTO O€3MOoCepeIHh0 Ha KOPHUCTYBada, 1 BHUKOPHUCTOBYIOTHCS B TIpOIIECi
po3poOku Bikinenii. 3okpema 1e MOXyTh OyTH IIA0JIOHM CTaTel, JJOBIIKH,
3ayBa)X€HHs, 0OTOBOPEHHS 1 T. iH.

2. CTPYKTYPA BUXIAHUX OAHUX

Bussneni

00’eKkTIB 3

0COOIMBOCTI
JIO3BOJISIIOTh PO3TIIAAATH MPOrpaMHe 3a0e3MeucHHs
it (hopMyBaHHsI JITHTBICTUYHOI OHTOJIOTIT SIK 3aci0
CBOEpPIOHOT KOHBepTauii enemeHTiB Bikimemii vy
00’€KTH  OHTOJOTIII.
AKTHBHO BHMKOPHCTOBYBATHCh B
MOIITYKOBIM AisUTLHOCTI, MUTAHHS 30epiraHHs TaKux
MOKIIUBICTIO
OMEPaTHBHOIO JOCTYIy 1O HHX MOXKE

cxema PeIIiiHoT 0a3H TaHWX, KA MICTUTh OCHOBHI
KOMIIOHEHTH OHTOJIOTii Ta 3B’A3KH MIDK HHUMHU.
Pesynbrarom ¢dbopmyBaHHS iHpOopManiitHoTO
HAITOBHEHHS OHTOJIOTIi  OYyIyTh 3aTl0BHEHI
BIAMOBIIHUMHY 3HAYEHHSAMM TaOIUIl 0a3sy JaHuX.
PosrnsiHemo feranbHile BCi pensiliiiHi BiHOIICHHS
B HaBeJeHiil 0a3l TaHux.

Synset — TeHTpanmbHE pEIAIIHHE BiTHOIICHHS,
sKe BijoOpakae CHHCET OHTOJIOTii. BOHO MicTuTh
HACTYIHI aTpuOyTH: YHIKaJbHHUNA iIeHTHdIKATOP
(id), cuMBoNbHE TOMAHHS CHHCETa YKPaiHCHKOIO

CTpykTypu Bikimenii

OcCkinbKM  OCTaHHI OyIyTh

iHopmartiiiHo-

e(eKTUBHOTO  Ta
Oytn

BUPIIIEHO IIIJIIXOM 3aCTOCYBaHHS CHUCTEMH 0a3
JaHux. BiamoimgHO 10  JoriyHOI  opranizarii
OHTOJIOTi, HAa pHUC. 2 3ampONOHOBAaHA CTPYKTYpHA

(ua), pociiicbkor0 (1) Ta aHIIHCHKO0 (en) MOBaMH,
YHIKalIbHE CMUCIIOBE TIyMauyeHHs cuHceTy (descr).
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Ilont ru Ta en BBemeHi [UIA BCTaHOBIICHHA
NOTEHIIHHOTO 3B’S3KY YKpaiHOMOBHOI OHTOJIOTII 3
AHAJIOT1TYHUMHU OHTOJIOTiSIMH, CTBOPEHUMH HA OCHOBI
POCIHICEKOTO Ta aHTIIHCHKOTO cerMeHTiB Bikimemii.
B 3anexxHocTi Bif moTped, MHOXKMHY MOB MOXKHA SIK

relation Synset
PK,FK1 |synset id1 :’_} i
PK,FK2 |synset id2 Pr |
ua
waight ru
type &
descr

pO3IINPIOBATH, JOMAIOYM  BIATIOBIAHI TIONSA JIO
CKJIally PEJIALIAHOTO BITHOIICHHS CHHCETY, TaK 1
30BCIM BIIMOBHUTHCH BIJ JOJATKOBHX MOBHHUX

aTpuOyTiB, B3aNUINIMBIIN JIMIIE HAa3BYy CHHCETY
OCHOBHOI MOBOIO.
vocab Mo
PK |id PK |id
term word
FK1 |synset_id FK1 |vocab_id
parts

Puc. 2 — CtpykTypa 0a3u 1aHUX OHTOJIOTIT

Vocab — momomidkHe peIAIiifHE BiIHOIICHHS,
IpuU3HaueHe Juig 30epiraHHs ycCiX CHHOHIMIYHHX
BXOJIiB CHHCETy. BOHO CKilafaeThcs 3 YHIKaJIBHOTO
ineaTudikaropa (id), TepMiHy — CHMBOJBHOTO
MOJTAaHHS CHHOHIMIYHOTO BXOJY (term),
ineHTu(ikaropa OaThKiBCHKOTO cuHCeTy (synset id)
Ta TOJ, M0 MICTUTh KITBKICTH CIIB NMPHUCYTHIX B
TepMiHi (parts).

Norm — nomomixHe pelsiiiHe BiJHOIICHHS s
30epiraHHs HOpMAIBHUX (OPM CIIB, IO BXOJATH 10
CKJIaZly CHUMBOJIBHOTO TOJaHHS TepMiHy 3 Vocab.
CkiaziaeThCcsi 3 yHiKanbHOTO imeHTHikaTtopa (id),
CUMBOJIFHOTO TIOJIaHHSI HOPMAaJIbHOI (JOpMH CIloBa 3
tepMminy (word) Ta imeHTHdiKaTopa O0ATHKIBCHKOTO
Tepminy 3 Vocab (vocab_id).

Relation — kitouoBe pensIiiiHe BiTHOMICHHS, 110
BimoOpaskae HasBHI 3B’S3KM MDK TOHATTAMHU
onronorii. [Tons synset idl Ta synset id2 micTiTh
iIeHTHU]IKATOpU CHHCETIB, MK SKUMH HPUCYTHIH
cemanTnyHHi 3B’s130K. [lome weight xapakrepusye
1eil 3B’SI30K NEBHUM 3HAYEHHSIM Bard, 4uM OlIbIie
1[e 3HAYCHHS, TUM CHJIBHIIINM BBAXKAETHCS 3B’ 30K
MK cuHceTamu. Hapemiri, mone type 30epirae tum
CEMAHTUYHOTO BiAHONMIEHHS, TaK B KOHTEKCTI

KBa3IiCEMaHTUYHOI'O TMOIIYKY PO3MIISIAIOTECS JBa
THUIIU BiJIHOIIICHB — ACOIiallis Ta TIMOHIM-TIIePOHIM.

3. AIiTOPUTMIYHA OPTAHI3ALIA
®OPMYBAHHA OHTONOTI

[Ipomec  ¢dopMyBaHHS  OHTOJIOTIi  MOJKHA
PO3MUIUTH HA JEKiJbKa €TaliB: MiATOTOBYMI eTarl,
erarn CTBOPEHHsI 0a3W CHUHCETIB, €Tanu IMo0yJA0BU
IEpapXigYHMX Ta acoOIliaTUBHUX 3B’SI3KiB, a TaKOX
3aKNoYyHOro eramy Kopekuii. Hapenmenuwiti Ha
miarpami (puc.3) xiac mediawiki parser 3a0e3mneuye
BUKOHAHHsS BCIX BKa3aHHX KpPOKIB TIO0 CTBOPEHHIO
oHTouorii. OCKibKM BUXiAHI JaHi crtateil Bikimemii
MOJIAI0ThCS B ¢dopmari XML-nokymeHTa,
HEOOX1THUI MMOYATKOBHUI eTar, OCHOBHA MeTa SKOTO
— me mapcuar XML gaHumx Ta mArOTOBKa iX 1O
nojaneinoi oO0poOKu. 3rigHo (parMeHTa Takux
JMAHUX, 10 OyJIW TPEICTaBJICHI BWINE, B IMPOIECI
CTBOPEHHS  OHTOJIOTii  HEOOXiTHO  IOCIHIiJOBHO
MEPEeXOIUTH A0 KOKHOI HACTymHOi cTarTi (By301
page). I3 mimmepeBa By3na page JUIS CTBOPCHHS
OHTOJIOTii Jlai CTaHOBIATH IHTEPEC 3aroJIOBOK
(By3ou title) Ta TekcT cTaTTi (B30I text).

mediawiki_page

mediawiki_parser

- title: string

- xml: XMLBeader

- text: string
+constructor({title:string, text:string)
+get_synset(): string

+get_links(): array
+get_lang_link{lang:string): string
+is_category(): bool
+get_categories(): array
+1s_not_synset(): bool

+1is_redirect(): bool

+constructor(xml_file:string)

+process(): void
-_fill_synset(page:mediawiki_page): wvoid

- fill assoc(page:mediawiki pagel: void
-_fill_hierarchy(page:mediawiki_page): void
-_add_synset(ua:string,ru:string.en:string,

-_add vocab(synset id:int,term:string): void
-_add_normivecab_id:1int,word:string): wvoid

descr:stiring, synonym:string=Aull): void

+get_redirect synset(): string
+1s_disambiguous(): bool
+get_disambiguous_synsets(): array
+get _description(): string

Puc. 3 — Jliarpama knacis s podorn 3 Bikineniero y ¢popmari MediaWiki.
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Ha ocHOBI OTpuMaHHX IaHUX CTBOPIOETHCS
exzeMIisip kiacy mediawiki page miast pobotu 3i
cropinkoro Bikinexii y ¢gopmari MediaWiki (puc.
3). BiH pmo3Bonse omnepyBaTH JaHWUMH CTaTTi,

poOuTH pi3HI TeEpeBipKW, BUAUIATH JIOTiYHI
¢parMeHTH TOLIO.

BigmoBimHo mo miarpamu  (puc. 3) Kiac
mediawiki_page peamizye HaCTymHI  BaKJIHBI
METOIH:

e get synset — moOBepTaE€ CHMBOJIBHE IIOJaHHA

CUHCETy M JAaHOTO THITy CTATTi (SIKIIO IIe
MOXJTHBO);

e get links — amHamizye TEKCT CTaTTi Ta MOBEPTAE
MacHB ITOCHJIaHb HA IHIII cTaTTi Bikimemii;

e get lang link(lang) — moBepTae mocCHIAHHSA Ha
BiNIOBIIHY CTaTTIO, HANHCAaHy iHIIOID MOBOIO
BIJITOBITHO IO TapaMeTpa lang, SIKIIO Taka iCHYE;

e is category — TepeBips€, UM Ma€ TOHATTA, IO
OTHMCYETHCS JaHOK CTATTEI0, CTATYC KaTeropii;

e get categories — MOBEPTAE MEPEITiK KaTeropii, 10
SKUX HAJIC)KUTh JIaHA CTATTS;

e is not_synset — mepeBipse, UM MOXKE MOHATTS, 110
OMHCYETHCS JAHOI CTATTCH0, IHTEPIPETYBATHCS

K CHHCET;

e is redirect — mepeBips€e, YU € JaHA CTATTS JIUIIE
MepeHanpaBieHHsIM Ha iHIIY CTATTIO;

e get redirect synset — TOBEpPTaE CHMBOJIbHE
MOJaHHS  CHHCETy, Ha  CTarTio  SIKOTO
3MIMCHIOEThCS ~ TIEPEHANpPAaBICHHSAM 3  JaHOL
CTaTTI;

e is_disambiguous — mepeBipse, UM He € JaHa
CTaTTs OMHCOM 0araTo3Ha4yHOrO MOHSTTS;

e get disambiguous synsets — moBepTae meperik
CHHCETIB 3 OJHAaKOBHM HalMCaHHAM, aje 3
pi3HUMH TITyMadeHHSIMH, cthopmoBaHmit
BIJIMOBIHO J0O BMICTYy CTaTTi 0OaraTo3Ha4YHOTO
TOHSATTS;

e get description — TmOBepTae TIyMadeHHS s
MOHSATTS, IO ONHUCYETHCS JAHOIO CTATTEIO.

Bci HaBenmeHi BHIE METOIM KIacy aKTHUBHO

BUKOPDHCTOBYIOTBCS ~ Ha  BIANOBIOAHMX  eTamax

¢dopmyBaHHs oHTOJOTII. Ilichs migroToBUOTO eramy

HacTa€ depra 3aloBHEHHS Oe3rocepenHbo 0a3u

nanux oHrojorii. CaMm mpouec iHKanCyJIb0BaHUN Y

Meromi process kimacy mediawiki_parser. Ha puc.4

HaBEJICHUH IICEBIOKOJ IIbOTO METOY .

/* CtBoproemo XMLReader */
xml = new XMLReader(xml _file);
/*dopmyemo 6a3y cuHceTiB*/

while (xml_page = xml->next('page')) do
/*CTBOprOEMO 00'€KT CTATTI*/
this->_fill synset(page);

end while;

xml->reset();
/*MDopmyeMO 3B'SI3KH OHTOJIOTIT*/

while (xml_page = xml->next('page')) do
/*CTBOpIOEMO 00'€KT CTATTI*/

/* TIoKH MOXKITUBO, 3YMTYEMO HACTYIHHUI BY30J] page */

page = new mediawiki_page(xml page->get('title'), xml page->get('text'));
/*3amyckaeMoO METOJ 3alIOBHEHHS CHHCETIiB HA OCHOBI ITOTOYHOI CTAaTTi*/

/*TloBepraemo BkaziBunk XMLReader Ha moyarok daitny™*/

/* TIoKH MOXKITUBO, 3YMUTYEMO HACTYIHHUI B30 page */

page = new mediawiki_page(xml page->get('title'), xml page->get('text'));
/*3armyckaeMo MeTO 3alIOBHEHHS 1€papXiyHMX 3B'I3KiB*/
this-> fill hierarchy(page);
/*3amyckaeMO METOJ 3aITOBHEHHS aCOIIaTUBHUX 3B'S3KIB*/
this->_fill assoc(page);
end while;

Puc.4. IlceBaoKkoa 3an0BHEHHSA 0231 JaHUX OHTOJIOTIT

Ha erami cTtBOopeHHsSI 0a3m CHHCETIB (haKTUIHO
dbopMyeThCST OCHOBa OHTOJIOTIi, ii TOHATTEBA
ckiazoBa. B KOXHIiM CTaTTi NUIAXOM aHamizy Iii
3aroJIoBKa i TEKCTy BU3HAYAETHCS THIT MTOHATTS, SKE
BOHA OIHCYE, 1 BIATIOBITHUM YHHOM 3aITOBHIOIOTHCS
tabnuii synset, vocab Ta norm. Jlisg 1boro
BHKOPHUCTOBYIOTHCS METO/IH KJlacy
mediawiki parser: add synset, add vocab Ta
_add norm. HeoOXimHO 3a3HAYUTH, IO METOJ]
_add synset aBromMaTH4HO jojae iH(pOpMAIiIO B

CIIOBHUK CHHCETIB 3a JONOMOIOI0  BHUKIHKY
_add vocab, skuii B CBOIO 4epry aBTOMAaTHYHO
Bukinukae mMerox _add norm. Ha puc.5 HaBeneHwmii
MICEBAOKO, SKUH abCcTpakTHO MOKa3ye
MOCIZOBHICTh MAii Ha maHoMy eram (MeTon

_fill_synset knacy mediawiki_parser).

Etan  crBopeHHs  iepapxiyHMX  3B’A3KiB
OHTOJIOTIi, K 3a3Ha4yaroCh paHime, 0a3yeThcs Ha
BUKOpHCTaHHI iepapxii crareéi Bikimenii, mo
ONMHCYIOTh Kateropii. B kiHII KOXHOT ToymayHOi
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CTaTTi YW CTaTTi, M0 OIHUCYE KaTETropio,
BKa3yeThCsl TepeNiKk OaTbKiBCBKUX KaTeropid, 1o
SKUX TaKa CTATTSA HalEXUThb. HeBa)XKO MOMITUTH,
oo B paMkax Bikimenii oJHE TOHATTS MOXe
BIIHOCUTHCHh OJpa3y JO JEKUIBKOX KaTeropii.
lepapxiuna cTpykrypa, chOpMOBaHA TAKUM YHHOM,
OyJie BiIpi3HATUCH BiJl KIACHYHOI i€papxii MOHSATS,
e B KOXHOIO IIOHATTS € IJIMIIE OJHE OiIbII
3arajgbHe MOHATTA (IHAKIIC KaXKydd, JIUIIC OJUH
0aThKIBCBKUH elleMeHT). OaHak Take OOMEXEHHS
HE BIANOBITAa€ pEATHPHUM BINHOMIEHHAM MiX
MOHATTAMH, OCKUIBKM JJIs OIABOIOCTI 13 HHX
HEMOXJIMBO OJHO3HAYHO BUSBUTU TIABKHA OIMH

OatbkiBchbkui  ememeHT. Came ToMy TIpsiMa
KOHBEpTAIliI  BCIX  KaTeropiaJlbHUX 3B S3KiB
Bikinenii B iepapXiuyHy CTPYKTypy CHHCETIB
JMIHTBICTUYHOI ~ OHTOJIOTII  PO3TASAAETBHCS  SIK
HalONTHUMalbHIMA, 3a  YMOBH, 1[I0  TpH
NPOCKTYBaHHI  IHCTpyMEHTapitlo, sKkuid  Oyxe

BUKOPHCTOBYBAaTH 0e€3MOcepelHbO TilMepOoHIMivHi
3B’sI3KM OHTOJIOTII Oyae BpaxoBaHa BKa3aHa BHIIE
0coONMBICTE  (OpPMYBaHHS  TakuX 3B S3KiB.
BiamoBimHO 10 1BOrO  ICEBIOKOA  METOAY
_fill_hierarchy Oyne Burnsmaru sk Ha puc.6.

Eram  cTBOpeHHS  acomiaTUBHHUX 3B SI3KiB
MPHHIUIIOBO BiAPI3HAETHCS BiJ €Taly CTBOPCHHSA
iepapXiyHUX 3B’A3KiB JMIIE THM, LIO0 TYT JUIs
imeHTUIKAIT 3B’SI3KiB BHKOPUCTOBYIOTBCS
MOCHJIaHHA Ha iHIII cTarTi Bikinenii (a omke i iHmIi
MOHATTS B OHTOJOTII) B TEKCTI MOTOYHOI CTaTTI.
KpiMm  TOro, OCKITbKM  TIOCHJIAaHHS  MOXE
3yCTpi4aTHCh HEOAHOPAa30BO, a TAaKOXK MOXYTh
MaTH MicIle 3BOPOTHI 3B’sI3KH (KOJIM CTATTA, HA SIKY
3MINCHIOETHCSH nepexi, MICTHUTH 3BOPOTHI
MMOCWJIAHHA), I€ Ja€ 3MOTY IiJIBHITYBAaTH Bary
JTAHOT'O BiTHOIIICHHS HA JACSIKY BEIHMUMHY delta, TUM
caMUM BiOOpaKaroyu IMOCWICHHS CEMaHTHYHOTO
BigHOomeHHs. UuMm OlIblle TaKUX IOCHJIAHb, THM
CHJIBHIIINM 3B’ 130K MIXK CTaTTSIMH, BiAIIOBIIHO THM
OinbpIIol0 Mae OyTH Bara BimHONICHHS. J{ns Toro,
mo0 pO3MONINEHHST Baru 3B’s3KiB O OHTOJOTII
0yJI0O ITOCTAaTHBO pPIBHOMIPHUM, BEIHYHMHY delta
BapTO BHOMpATH TMOPIBHSAHO  HEBEIHMKY IO
BIJIHOIICHHIO JI0 MOYAaTKOBOI'O 3HAYCHHS Baru wy.
3amoBHEHHS acOIiaTUBHUX 3B’SI3KiB BiIOYBAETHCS B
metoni _fill assoc, mceBAOKOA SIKOTO IMOJAaHO Ha
puc.7.

/*SIKIo CTaTTs OMUCYE HE CHHCET™/
if page->is_not_synset() then
return; /*npununsemMo podoty*/

else if page->is_redirect() then

/*SIKmo cTaTTA omucye GaraTo3HAYHE MOHATTA™/
else if page->is_disambiguous() then

for each record in list(synset,description) do

end for;
/*SIKI0 CTAaTTS OMUCYE MOHATTS a00 KaTeropito™/
else
/* lomaemMo HOBHIA cHHCET*/
this-> add synset(
page->get synset(),
page->get lang link('ru'),
page->get lang link('en’),
page->get_description());
end if}

/*5IK110 CTaTTS ONMCY€E NepeHaNpaBIICHHs Ha HITY CTaTTIO*/

/*J10JJTaEMO HOBHM CHHCET 3 CAMBOJIbHUM IOJJaHHSAM TOHATTS 13 cTaTTi,*/
/* Ha Ky We epeHanpaBIeHHs, B IKOCTI CHHOHIMA ITOIA€MO ITOHSATTS IOTOYHOI CTaTTi*/
this-> add synset(page->get redirect_synset(), ", ", ", page->get_synset());

/*OTpuUMy€EMO Tiepeltik BCIX CHHCETIB Ta 1X TiyMa4yeHb*/
list(synset,description) = page->get disambiguous_synsets();
/*]171s1 KOXKHOTO 3alMCy i3 TEPETIKY CTBOPIOEMO HOBHIA CHHCET*/

/*Jlomaemo HOBMI CHHCET synset 3 TiiymaueHHsM description™/
/*B SKOCTI CHHOHIMa IepejaeMO IIOTOYHHI 3aroj0BOK CTaTTi™/
this-> add synset(synset, ", ", description, page->get synset());

Puc.5. IlceBaokoa 3anoBHEHHA 0a3M CHHCETIB OHTOJIOTII
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/*SIKI0 CTAaTTS HE € OIICOM MTOHATTS a00 KaTeropii*/

return; /*npunmHsiemMo podoty*/
/*5IK110 CTaTTs ONMUCY€E NOHSTTS a00 Kareropiro*/
else

/* st KOXKHOT KaTeropii crarri*/

database->relation->insert(
'synset_id1' = category,

vtypev — ‘H',
‘weight' =w,

end for;
end if}

if page->is_not_synset() OR page->is_redirect() OR page->is_disambiguous() then

for each category in page->get categories() do
/*306epiraeMo BiJIHOLIEHHSI i€papXii 3 Baroo BiJIHOLIEHHS piBHE Wo*/

'synset_id2' = page->get_synset(),

Puc.6. IlceBnokoa ¢popmyBaHHs iepapXiuHuX 3B’ SA3KiB OHTOJIOTIi

/*36epiraeMo BiTHOIIICHHS acoIfiailii 3 Baror BiIHOIICHHs PiBHE Wo*/

/*SIKIO CTAaTTS HE € OIICOM ITOHATTS a00 KaTeropii*/
if page->is not synset() OR page->is_redirect() OR page->is_disambiguous() then
return; /*npunmasiemMo podoty*/
/*SIKII0 CTAaTTS OMHUCYE MOHATTS a00 KaTeropito™/
else
/*]171s1 KOXKHOTO OCHJIAHHS Ha IHIILY CTaTTIO*/
for each link in page->get links() do
/*$Ik110 naHe BiTHOIIEHHS yxe OyJio 3aHeceHo B 06a3y qaHux™*/
if database->relation->select where(
'synset_id1' == page->get _synset(),
'synset_id2' == link) then
/*OHOBIIIOEMO Bary BiIHOLICHHS Ha JIesKy BeInuuHy delta™/
line = database->relation->select where(
'synset_id1' == page->get synset(),
'synset_id2' == link);
line->update(weight = weight + delta);
else
database->relation->insert(
'synset_id1' = link,
'synset_id2' = page->get synset(),
'type' — Av)
'weight' = wy
)i
end if;
end for;
end if}

Puc.7. IlceBaokon ¢popmMyBaHHS acouiaTHBHUX 3B’ A3KiB OHTOJIOTIT

Hapemri, ocranHiii etanm — e HE0OOB’SI3KOBUI
eTam KOpPEKIii y»e CTBOPEHOI Ha TMOMepenHixX
CTaIisIX OHTOJIOTIUHOI 0a3u. BiH Moxe BimOyBaTHCS
SIK aBTOMATHYHO (HAPUKJIA, BUAAJICHHS MOKIUBUX
Cy’)k00BHX TIOHATH Ta BCIX iX 3B’A3KiB), Tak 1

NUIAXOM  «PYYHOTO» pEJaryBaHHs OHTOJOTIYHOT
0asu  pemakTopamMu  OHTOJIOTII  (HAIpPHUKIIAT,
BHUJIAJICHHS  HEPEJICBAaHTHUX a00 TMOMUIKOBHX

3B’s13KiB TOMIO). Taka KOpekiis MoXe 3HaJ00UTHUCH
3Ba)XAIOYU HA HEMOBHY IPO30PICTh aBTOMATHYHOIO
(opMyBaHHsSI OHTOJIOTii Ta HAsSBHICTH CIyKOOBOT

iHpopmaulii B HepUIOXKepeni, AKa  MOXe
BifoOpaXKaTHCh y crenu(iuHuX A SHIUKIONeil
craTTsax (Hamp., HAsBHICTH KaTeropil «craTTi Ha
OykBy A» TOIIO), BKIIOYATH $IKi B OHTOJOTIO
HEJIOLUJIBHO.

4. PE3YJIbTATU TA BUCHOBKU

Jnis cTBOpeHHsI 1 aHami3y eKCIIepHUMEHTAIBHOT
JHTBICTUYHOI OHTOJIOTii pPO3pOOJIEHO TOCIITHUN
MPOTOTHUI MPOTPAMHOTO 3a0e3MeUeHHsT KOHBEPTAIlil
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YKpaiHCBKOTO CerMeHTy Bikinemii y BiAmoBimHY
YKpaiHOMOBHY OHTOJIOTi4YHY 0a3y 3HaHb. Pe3ynbTaTu

pobotu  mporpamMHOTO  MOAyJs  (OPMYBaHHS
JIHTBICTMYHOI  OHTOJIOTIT HAa  OCHOBI  cTare
YKpaiHCBKOTO cerMeHTy Bikinmenii Ha MOMeHT

MPOBENEHHS EKCIEPUMEHTY 3BeleHO y Taba. 2.
HaBeneni TyT KiTbKiCHI XapaKTePUCTUKH NalOTh
MMJICTaBA CTBEPIP)KYBAaTH, IO TaKa OHTOJIOTISA
OXOIUTIOE  JIOCUTh HIMPOKY 00JacTh JFOJICBKOTO
3HaHHA 1 MoOXe OyTH BHUKOpHUCTaHa B pPOOOTI
inpopmariitaux  cucreM. HeobOximHO  3p0oOHTH
HArojiioc Ha TOMY, LI0 CTBOpEHAa TaKUM YHHOM
OHTOJIOTiA — IIe JIMLIE MMOYaTKOBUU eTam, 0asuc s
momaibimoi poOOTH eKCIepTiB 1 B TOM ke dac
HayKOBO-1H(GOpMAITI HHHIA pecypce TUTS
JOCHIJHULBKO-EKCIEPUMEHTANIBHOI ~ pOOOTH B
oOyacTi TOMIYKOBUX TexHONOrid. B  mpomeci
moAambmoi  poOOTH HAL  OHTOJIOTIEId  MOYKHA
BHOCUTH HOBI IOHATTS, TIPUBHOCUTH HOBI 3B’SI3KH
YH BUAAJSTH TTOMIJIKOBI.

Ta6u1.2. KinbKicHi XapakTepuCcTHKH OHTOJIOTIT

XapakTepucTtuka KinpkicHuii nokazHuk
KinpkicTh CHHCETIB 243948
Cepennsi KiTbKiCTh CIIiB 224
Y CHHCeTi ’
KinpkicTh  i€papxidyHHUX
HIbKI pap 127366
3B’ S3KIB
KinpkicTh acoriaTUBHHUX
Lo 2658584
3B’ S3KIB

SkicHull aHai3 CTBOPEHOI OHTOJIOTII B ILIOMY
mpoBecTH (HaKTUYHO HEMOXJIMBO, 3Ba)KalOUM Ha
Iy’)K€ BEIUKY KIUIBKICTh TOHATH Ta 3B’SI3KIB MiXK
Humu. Llell mnpomec BuUMarae JOBrOTPUBAJIOTO
BUKOPHCTaHHS TakKoi OHTOJIOTii HAa WPAKTHIl Ta
nmoTpedye 3HAYHUX JIFOJICHKUX Ta YaCOBUX PECypCiB.
ITigBuIIEHHS AKOCTI OHTOJIOrIYHOI 0a3yW 3HAHL Mae€
BigOyBaTuCh mMapajelbHO 13 1I BHKOPHUCTAHHSIM B

po3pobui  mporenyp iHPOPMAIIHOTO IOIIYKY,
aHamizy  KOHTEHTY  Tomo. BriM  ormiHOYHY
XapakTePUCTUKY  MOXXKHa  BH3HAYHTH  LUISIXOM

BHOipKOBOTO aHamizy. [y mboro OyAayloTh MeKiabKa
HEBEJIMKNX TOYKOBUX IIMEpeX (HANpHKIAl, TaKy,
SIK 300payKeHO Ha pHC.8) 3 Pi3HUX YACTHH OHTOJIOTIT
Ta OLIHIOIOTH OCHOBHI 3B’SI3KM Mi’K CHHCETaMH.

Posrnsn Takux ¢parMeHTiB JT03BOJISIE 3pOOUTH
BHCHOBOK, II[0 TTOHATTS Ta BiJHOIICHHS MiX HHUMH,
3a JeSKMMU HE3HAYHMMH BUHITKaMH, B OCHOBHOMY
BIJIMOBIalOTh TOHATTEBIH CTPYKTYpi MpEeIMETHHX
ramyzeil. ToMy sKiCHUH CKJIam OHTOJIOTiI Ta
aJIeKBAaTHICTh BiJHOIIEHb MOJKHA BBAXKATHU LIIKOM
NPURHATHUMHE JUI1 BUKOPUCTAHHA B iH(pOpMaLiiiHO-
TIONTYKOBIH MisITEHOCTI.

MaTtemaTtvka

Notyxmicts ()

BnopsigkosaHa
() mHOMUHM

MHOMWUHE

. 3niveHHa
MHOMXMWHA
MoBa

MHOXWHA

1.05

Brnopaakosasa

1.05 napa

CumeTpuyHa
PIZHMLA MHOXMWH
Oexaptis

() no6yTox
Anrebpa

() mmosun

MNepeTuH
MHOMMH

Puc. 8. ®parmeHT acouiaTUBHUX 3B’ A3KIB
copmoBaHoi oHTOIOTIT

Takum YHHOM, HaBeJIeHi MpoIIe Ty pH
(dbopMyBaHHS  OHTOJIOTIi  JAalOTh  MOXKIIUBICTh
MOPIBHSHO JIETKO B aBTOMAaTHYHOMY  PEXUMI
CTBOPHTH  JIOCTaTHHO O0’€MHY  JIIHTBICTHUHY
OHTOJIOTiI0, M0 OyAe BiANOBIIATH OCHOBHUM

BUMOTaM JI0 Takux pecypciB. Kpim Toro, ockiibku
Bikinenis, sk ocHOBHe pkepeno iH(opmamii s
(dhopMyBaHHS OHTOJIOTII, Mae BJIACTUBICTH
0araTOMOBHOCTI, B  TEpPCHEKTUBI  MOXXJIMBE
CTBOPEHHS KPOCMOBHHX OHTOJIOTiH, IO 3HAYHO
po3MmmUpHUTH cdhepy X 3acToCyBaHHS.
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AHmoH Muxadnrok, doueHm
kagpedpu IHgpopmamuku Kuis-
CbKO20 YyHigepcumemy iMeHi
Bopuca [piHdyeHka. KaHOu-
Oam MeXHIYHUX Hayk,
cmapuwuti  Haykosud crigpo-
6imHuk. Haykoei iHmepecu:
mMemoOu ma 3acobu iHmerslek-
myarnibHo20 aHarnisy npupo-
OHOMOBHUX MEeKCmMOo8UX iH-
¢opmaujitiHux ob’ekmig, iHHO-
sauitiHi nidxodu Ao Kom'romepusauii HayKkogo-
0C8imHbOI GisirlbHOCMI.

OneHa Muxatnrok, Haykosul
cnigpobimHuk Kaghedpu cuc-
MeMHO20 rfpospamy8aHHsT i
crieuianiaogaHux Kom’romep-
Hux cucmemMm HauyioHanbHO20
MexHIYHO20 yHigepcumemy
YkpaiHu «Kuiecbkuli ronimex-
HiYHUU iHcmumymy. 3akiHyuna
Kuiecbkuti nonimexHivyHul
iHcmumym 'y 1989p. Haykosi
iHmepecu: ekcriepmHdi cucmemu, ix 3acmocy8aHHs 8
3alayax aHarizy 0aHuXx.

Onekciti lMunun4yk, acuc-
meHm Kagpedpu cucmemHo20
npoepamysaHHs1 i creujaniso-
8aHUX KOMITHOMEPHUX Ccuc-
mem HauioHarbHO20 MEeXxHiy-
Ho20 yHigepcumemy YKpaiHu
«Kuiscbkuti rnonimexHiyHut
iHemumymy. 3akiHdue HTYY
«Kuiscbkuli rnonimexHiyHul
iHecmumym» y 2008p.

Haykoei iHmepecu: iHopmauilHut  mowyk,
iHgbopmayitiHUl-MOHIMOpUHe,  Kea3iceMaHmu4Hul
rowyk mekcmosux OaHux, cucmemu mpaHCrnopmHOi
niogicmuku.

Bonodumup TapaceHko, 3asi-
dysay kaghedpu CuUCMEMHO20
npozpamyeaHHsi | creujasi3o-
8aHUX KOMITIOMepHUX cucmem
HauioHanbHO20 ~ MexHIYHO20
yHieepcumemy YkpaiHu «Kuis-
CbKul noslimexHiyHul  iHcmu-
mymy. [Jokmop  mexHiYHUX
Hayk, rnpogbecop, 3acnyxeHul
_ 0isid HayKu | mexHiku YkpaiHu,
naypeam [lepxxagHoi rnipemii YkpaiHu 6 2any3i HayKu
i mexHiku. Haykosi iHmepecu: memoOu ma 3acobu
nidsuwieHHs1 egbekmusHocmi  06pobKu  pecypcie
a2nobanbHO20  €IeKMPOHHO20  iHGhopMauiliHo2o
rnpocmopy.
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1. INTRODUCTION

Intellectualization of content analysis procedures
and information retrieval requires the development
of specialized linguistic resources such as
dictionaries of synonyms, thesauri computer [1],
semantic networks [2], and, in particular, linguistic
ontologies. So the purpose of this paper is to develop
ways of organizing software that would allow to
create linguistic ontological knowledge base, based
on articles of a language segment (eg, the Ukrainian
segment) of Wikipedia, in automatic or semi-
automatic mode for using in retrieval activities,
including procedures quasisemantic search [7].

2. INPUT DATA STRUCTURE

The work of software tools of ontology building
use the structural organization features of Wikipedia
materials. Special format MediaWiki is used in
articles creation [8]. The whole archive collection of
a language segment of Wikipedia articles stored as
an XML-document and it is available for download.
XML-layout allows to distinguish the necessary
components for further processing. Fig. 1 shows the
example of a site that describes one of the articles of
the Ukrainian segment. The entire set of Wikipedia
articles on various criteria can be attributed to
several groups, which represented in Table 1.
Analysis of the Wikipedia structure allows to do the
conclusion that Wikipedia articles with mutual

internal links create the prototype of an ontological
knowledge base [6].The main role belongs here
explanatory articles and categories articles; a group
of articles of multivalued concepts has a supporting
role in the processing of explanatory articles on each
of the values. In addition, incomplete articles can be
used to identify the relationship between other
articles if they contain link to it.

3. OUTPUT DATA STRUCTURE

Detected features of the Wikipedia structure
allows to consider software to form a linguistic
ontology as a means of converting Wikipedia
elements to ontology objects. Since they will be
actively used in information-retrieval activities, that
issues of storage such objects with the possibility of
efficient and operative access to them can be solved
by means of a database system application.
According to logic of the ontology, the block
diagram of a relational database with basic
components of ontology and relations between them
is proposed in Fig. 2. Database tables with filled
corresponding values are the result of information
filling of the ontology. Consider more detail all
relations in the relational database. Synset — a central
relation that reflects an ontology synset. It contains
the following attributes: a unique identifier (id),
symbolic representation of a synset by Ukrainian
(ua), Russian (ru) and English (en) languages,
unique semantic interpretation of the synset (descr).
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The fields ru and en were introduced to establish a
potential connection of the Ukrainian ontology with
similar ontologies created on the basis of Russian
and English segments of Wikipedia. Vocab — an
auxiliary relation designed to store all synonymous
inputs of the synset. It consists of a unique identifier
(id), a term — a symbolic representation of the
synonymic input (term), an identifier of a parent
synset (synset_id) and a field that contains the
number of words in the term (parts). Norm — an
auxiliary relation for storage of normal forms of
words  which  comprise to the symbolic
representation of the term from Vocab. Relation — a
key relation that reflects the existing connections
between the ontology concepts. The fields
synset_id1 and synset_id2 contain synset identifiers
between which there is a semantic relationship. A
field weight characterizes this relationship by certain
value of the weight. The more the value, the stronger
is the relationship between synsets. Finally, a field
type stores the type of the semantic relation, so in
the context of the quasisemantic search two types of
relationships are considered — association and
hyponym/hypernym.

4. ALGORITHMIC ORGANISATION OF
ONTOLOGY FORMING

The formation of the ontology can be divided
into several stages: the preparatory stage, the stage
of creation of a synsets database, the stages of
building of hierarchical and associative relationships
and the final stage of correction. Mediawiki_parser
class ensures the execution all these steps to create
the ontology. According to the diagram (Fig. 3)
mediawiki_page class implements the following
important methods:

e (et _synset — returns the symbolic representation
of the synset for this type of an article (if it
possible);

e get _links — analyzes the text of the article and
returns an array of links to other Wikipedia
articles;

e get lang_link (lang) — returns a reference to the
relevant article written in another language in
accordance with the lang parameter, if it is;

e is_category — checks whether the concept
described in this article has the category status;

e (et categories — returns a list of categories,
which related with this article;

e is_not_synset — checks whether the concepts
described in this article, can be interpreted as a
synset;

e is_redirect — checks whether a given article only
redirect to another page;

e get redirect_synset — returns the symbolic
representation of the synset, of which article the

redirection from this article is executed;

o is_disambiguous — checks whether this article
describes a multi-valued concept;

e get_disambiguous_synsets — returns a synset list
with the same spelling but with different
interpretations, formed in accordance with the
content of a multivalued concept article;

e get description — returns the interpretation of a
concept, described in this article.

All specified class methods are widely used at the
appropriate stages of ontology forming. After the
preparatory phase the ontology database is filled.
The process encapsulated in the process method of
mediawiki_parser class. The basis of an ontology
(its conceptual component) is formed actually at the
stage of the synsets database creation. For each
article the type of a concept is determined by
analyzing its title and text, and synset, vocab and
norm tables are filled. Mediawiki_parser class
methods are used: _add_synset, add_vocab and add
norm. It should be noted that _add_synset method
automatically adds information to the synsets
dictionary by calling _add vocab, which in turn
automatically invokes the _add_norm method.The
stage of creating of hierarchical relationships for
ontology, as noted earlier, is based on the using of
Wikipedia articles hierarchy that describes the
categories. At the end of each explanatory article or
article, which describes the category, the list of
parent categories to which this article refers is
specified. Links to other Wikipedia articles (and
hence other concepts in the ontology) in the text of
the current article are wused for relationships
identification in the stage of creating associative
connections. It is the fundamental difference from
the stage of creating of hierarchical relationships. In
addition, because the reference can occur repeatedly,
and there may be feedbacks, it allows to increase the
weight of the relationship at some value delta. The
associative relationships are filled in the _fill_assoc
method.

5. RESULTS AND CONCLUSIONS

The research prototype of conversion software of
Wikipedia’s Ukrainian segment to the appropriate
Ukrainian-ontological knowledge base for creation
and analyzing of experimental linguistic ontology is
developed. The work results of the software module
of forming the linguistic ontology of Ukrainian
segment of Wikipedia articles at the time of the
experiment are shown in the Table 2.

These quantitative characteristics give reason to
believe that such ontology covers quite a wide area
of human knowledge and can be used in the work of
information systems.
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Table 2. Ontology quantitative characteristics

Characteristics Quantitative parameter
Quantity of synsets 243948
Average number of words

: 2.24

In a synset

Quarjtlty _of hierarchical 127366
relationships

Quarjtlty _ of associative 2658584
relationships

[1]

2]

[3]
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BBEOEHUE
IIpouenypa KOHTYPHOH CErMEHTaluU
M300paKeHUN MPUMEHSIETCS B cucTeMax
KOMITBIOTEPHOTO ~ PAacCIO3HABAaHUS  3PUTENBHBIX

00pa3zoB sl CHWXKEHHsI oO0bema oOpadarbiBaeMoi
nH(poOpMaAIMK U OOCCICUCHHsS] WHBAPUAHTHOCTH K
TpaHchopMaIusM UHTEHCUBHOCTHU. [Ipu3HakoMm, 1o
KOTOPOMY TIPOM3BOANTCS pa3OueHue H300pakeHUs
Ha OIHOPOAHBIE OO0JIACTH, SABISCTCS HAIHYHE
reperajga HHTEHCHBHOCTH.

B  3HauumrenpHOM  yacTu
IMPAaKTUYCCKUX 3aaa4d OOBEKTHI pacrio3HaBaHUs
HMEIOT  HEpapXH4ecKylo  CTPYKTypy (0ObekT-
monoOwvekT). s Takmx 3amad WM Ui 3ajad
aHanM3a CIieH HeoOXOoAUMO pas3nuyarbh OOBEKTHl Ha
n300paKEHUU HE TOJNBKO IO BETUYMHE Iepenana
WHTEHCHUBHOCTH, HO H [0 HX TE€OMETPHYECKUM

BCTPCHUAOINNXC

pasmepam. B 3ToM  chnyyae = KOHTYPHYIO
CErMCHTAIINIO M300paKeHni 1enecooopasHo
MIPOU3BOINTH B MPOCTPAHCTBE BEUBIICT-
npeobpazosanus (BII).

I[Ipu BeIOOpe BHma BIl, kak mpasuo,
YUUTHIBAIOTCA TPEOOBaHUSA K IIOMEXOYCTOMUMBOCTH
KOHTYPHOH  CerMEHTalluM W TOTPEIIHOCTH
ompeleNieHus ~ KOOpAMHAT  TOYEK  IepemnajoB
WHTEHCUBHOCTH. B [1] mocTpoeHa HOBas cucTema
BEUBIECT-QOYHKIUA  HA  OCHOBE  OJHOPOIHBIX
00001IeHHBIX (QPYHKIMIA, TO3BOJISIIONAs YMEHBIIUTD
MOTPEIIHOCTh ~ ONMpENEeNEHUs] KOOPIMHAT  TOYEK
MepernagoB WHTEHCHBHOCTH M300pakeHHs B 3ajjaue
KOHTYpHOH cerMeHTanmuu. B KkadecTBe cmocoba
MOCTPOEHUST HOBOW CHUCTEMBI BEHBIeT-(QyHKITHA ObLIT
BBIOpaH JHPTUHT [2], HWCHONB3YIONMIMH I
OTIpeieTIeHUS MIPOCTPAHCTBEHHO-YaCTOTHON
JIOKau3aluu COCTaBJISIOIINX n300paKeHus
UCXOIHYI0  IIPOCTPAHCTBEHHYI0  obsacte. B
pesyiapTate ¢ MOMOMBK  JudTUHTa  OBLTH
MOIU(QUUIUPOBaHEl  KOIPPHUUUEHTH  (QUIBTpA,
MOJTYYEHHOI'0 IYTEeM IUCKPETH3alUU CTEICHHOU
¢byaknun (puc. 1); Ha 0OCHOBE MOIUGUIIUPOBAHHOTO
¢unpTpa  MOCTpPOCHA  CcUCTeMa  yIyYIIEHHBIX
BelBNeT-QyHKIMA U1 3agayd  KOHTYPHOHU
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CEeTMEHTAIlMA W300PaKEHH; TIPEATIOKEH METO[
KOHTYpPHOH CErMEHTAIUU M300paKeHni B
npoctpancTBe BII ¢ ucnonb3oBanuem nudTuHTa Ha
ocHoBe nerektopa Kannu [3].
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Puc. 1 - UmMnyJsibcHas (a) 1 aMILIATY/IHO-4aCTOTHAS

(0) xapaKTepHCTHKA HCXOJHOT0 QUILTPA &s )n

YJIy4lIeHHOTr0 GUIbTpa &s ?2)

OTOT METOJ pEeKOMEHIyeTcs B 3ajadax
00paboTKu H300pakKeHU B CITydae, €CIIM IOMEX0Bas
CUTyalusi HE OYCHb IKECTKas U HEOOXOIUMBI
METOABI KOHTYPHOW CErMEHTAllMd C  HHU3KOi
MOTPEUIHOCTRIO  OTPEACICHUS KOOPAUHAT TOYEK
MepernajjoB MHTCHCUBHOCTH U300paXKCHUSI.

OnHako TpU  TOBBINIGHWH TpeOOBaHWH K
TMOMEXOYCTOMUYUBOCTH  KOHTYPHOW  CErMEHTaluu
n300pakeHui HCIIOJIb30BAHHE CHUCTEMBI

YIJIy4IIICHHBIX BeiBIIeTOB [ 1] HemenecooOpas3Ho, T. K.
paciiupeHre TOJIOCH TIPOIMyCKaHUs (QMIBTpa (CM.
puc. 1, 0) NMPUBOAMT K MEHBUIEMY IOJIABICHHIO
myma u Ooyiee BBICOKOW JAETamu3allMd KOHTYPHOTO
npemapara. [lepexon B mpocTpaHCTBO 000OIIEHHBIX
(byHKIMHA ocmadisieT 3aBUCUMOCTh pe3ynbrarta BII

oT FCOMETPUIECCKIX pazMepoB o0BeKTa
pacmno3HaBaHusl.
3ameTnm, 9TO TpeOOBaHUS K

MIOMEXO0YCTONYNBOCTH CErMEHTAIH U MOTPEITHOCTH
oTpefeNieHHs KOOPIUHAT TOYEK KOHTYpOB OOBEKTa
ONpENeNsAloTCS ~ Kak  ypOBHEM  IIyMa  Ha
U300pakeHNH, TaK U TEOMETPHUUECKUMHU pa3MepaMu

00BbekTa. AOCOMIOTHAS TIOTPEITHOCTh OTPEICICHIS
KOOpJIMHAT TOYEK KOHTYPOB OOBEKTa dHalle BCETO
(ukcupoBaHa JUIS 33JaHHOTO METOJla CErMEHTAIUN
U ypoBHS IIymMoB. [loaToMmy, ecnu OOBEKT HMeeT
Oomnpiine reoMeTpuiecKre pasmepsl, TO
OTHOCHUTEIbHAS MOTPENTHOCTh OTIpeICIICHUS
KOOpJIMHAT TOYEK TpaHMIl 00bekTa Maia. B 3Tom
clydyae Ha pe3yJbTaT pacro3HaBaHUus OO0BEKTa
Oojplie BIMAET pa3phlB KOHTYpa WIIHM JIOKHBIE
KOHTYPBI, T. €. pe3yJbTaT paclo3HaBaHUS O0BEKTa
ompeeIseTcs MOMEX0YCTOHYNBOCTHIO
cerMeHTanuu. Eciau reoMeTpudYeckue pa3Mepbl
00BeKTa pacro3HaBaHUS Mallbl, TO OTHOCHUTEIIbHAS
MOTPEIHOCTh ~ OTMPENENCHUs] KOOPIUHAT — TOYCK
KOHTYpOB 00BEKTa BenukKa. Torjga pes3ynbrar
pacrmo3HaBaHUsi OOBEKTOB Ha W300paKEHUH B
OCHOBHOM XapaKTepu3yeTcs MOTPEIIHOCTHIO
ompeJieNieHHs] KOOPAWHAT TOYeK KOHTYpoB. [TosTomy
BO3BHHMKACT HEOOXOIUMOCTh B pa3pabOTKE B COCTaBE
Metona cermeHtanuu BIl, y xoTtoporo mnpu
U3MEHEHUH napamerpa npeoOpa3oBaHus
M3MEHSETCS U XapakTep 00paboTKu.

3amMeTuM, 4YTO YIyYIICHHBIC BEUBIETBHI IS
3a7]a4ll KOHTYPHOH CErMEHTAIUK H300paKeHHUU MO
CBOMM CBOWCTBaM CXOJHHBI ¢ AuddepeHIInaTopoM

[1]. Otum u onpeaesieTcs HU3Kast
MOMEXOYCTOWYMBOCTh ~ METOJIOB  CErMEHTAIlHH,
HCTIONB3YIOIITUX 3TU BEUBJIETHI. Bricokoit

MTOMEXO0YCTOHYUBOCTBIO 00JIaZJal0T KOPPEISIMOHHO-
9KCTpEMaJbHBIE METOJbl KOHTYPHOM CerMeHTaluu
n3o0pakeHnit [4], B OCHOBE KOTOPBHIX JIEXKHUT
cornacoBaHHas  ¢QuubTpanma.  [loatomy s
peanM3anMd  pa3HOTO  XapakTepa  0OOpabOTKH
M300paXeHUH TIOCTPOMM CHCTEMY YIIyUIIEHHBIX
BEHBIETOB, ONHM W3  KOTOPBIX  TIPOBOJIAT
MPOCTpPaHCTBEHHOE MU(depeHIUpoBaHue, IpyTrue —
COTJIACOBaHHYIO (DPMIIBTPAIIHIO.

KoHncTpyupoBanue cuCTeMBl  BEHBIETOB  C
TpeOyeMbIMH XapaKTepUCTUKAMHU MOJKHO
OCYILECTBIIATh Ha OCHOBe nudTuHra. IlocnmemHuii
MPEJICTABIICT COOOH MOTUPHUKAIIUIO TIepEeAaTOIHBIX
GbyHKIANA GUIBTPOB, COOTBETCTBYIOIINX BEHBICTaM,
3a cueT anauTUBHOHN cocrtaBisomei [1]. Ognako
npu peanmuzanuu TUQTHHTA BO3HUKAIOT
3aTpygHEHHS TIpH BBHIOOpE BHAA AJAIUTHBHOU
COCTaBJISIONIEH MMepenaToYHoN (YHKIUH (QUIBTpa,
oOecnieunBaronien yIy4llIeHHAE CBONCTB
COOTBETCTBYIOIIETO BeiiBnera. [IpuMeHeHue BMeCTO
JUQTHHTa MPeoOpa3oBaHUuil TrpadHKOB CTEIICHHBIX
¢yHkimii  [S] ympommaer mpolecc MOCTPOSHUS
YITy4IlIEHHBIX BEUBIIETOB.

Lensto paloTHI ABIIETCS MOBBILICHHE
IIOMEXOYCTOMYMBOCTH ~ KOHTYPHOH  CErMEHTALMU
n300paXeHn i u CHIDKEHHE MOTPELTHOCTH

OIpeieNIeHUs KOOPAUHAT TOYEK KOHTYPOB OOBEKTOB
Ha pa3HBIX YPOBHSAX MEpapXHU 3a CUeT NMPUMEHEHUS
BEHBIIETOB, MOCTPOCHHBIX IyTeM NpeoOpa3oBaHUit
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rpaduka cTeneHHOW (PyHKITHH.
Jiist moCTHKEHUS TIOCTABJICHHOW LENTU PEIIatoTCsI
CIIeAYIOIINE 3aJa4H:

— paspaboraH METOA MOCTPOCHUS
yIyYIICHHBIX BEHBIETOB JUIS 3aJa4d KOHTYPHOU
CerMEHTAIMY M300pakeHHH IMyTeM MpeoOpa3oBaHus
rpaduka cTeneHHOH QyHKIHN;

— C T[OMOIIbI BEUBIETOB, MOCTPOSHHBIX
myTeM  mpeoOpa3oBaHus Tpaduka  CTEICHHOM
(byuaknumn, cucreMa  QWIBTPOB B COCTaBe

NOJUEPKUBAIONIEr0 MpeoOpa3oBaHuss Ha OCHOBE
Au(THHTA TOTIOJTHEHA JI0 COTJIACOBAaHHOTO (QMIIBTPA;
— Ha OCHOBe JeTekTopa KaHHHM mpemioxeH
METOJ KOHTYPHOW CETMEHTallud W300paKeHUH C
NPUMEHEHHEM BEHBJIETOB, IOCTPOCHHBIX ITyTeM
npeoOpazoBaHus rpaduka CTEIEHHOH QyHKIHN.

1. IMOTUHIOBASA CXEMA ONA
3AAAYU KOHTYPHOU CETMEHTALIUK
N3OBPAXEHUU

[Ipu pemeHnu 3aga4v KOHTYPHOH CErMEHTALUH

mobpakennii BIl wucmome3yercss B KadecTBe
npeoOpa3oBaHMs, MMOJYEPKHUBAIONIETO  MEpenaabl
HWHTEHCHUBHOCTHU M300paKCHUSI. [Tocnennee

obecreunBaeT MOMEXOYCTOHYNBOCTh CErMEHTAIUH
U CHWXXACT IMOIpCHIHOCTL ONPCACIICHUA KOOpAWHAT
TOYEK KOHTYypoB. OueBUIHO, 4YTO TpeOOBaHHUS
MOMEXOYCTOHYMBOCTH M HHU3KOH MOIPELIHOCTH
ompeneseHuss ~ KOOPAMHAT  TOYEK  MEperajoB
MHTCHCUBHOCTH  HM300pak€HUs] MPOTHBOPEUMBHI,
MOATOMY pe3ynbTar MOAYEPKUBAIOIIETO
npeoOpa3oBaHUsl — MPEACTABISETCS — HepapXuei
U300paXeHUH C  TOJYEPKHYTHIMH  KOHTYypaMu
00BEKTOB Pa3HOTo pazMepa.

JUiss TonmydeHHs pes3yiabTara HepapXHYecKoro
MOIYEPKUBAIOIIETO MPE0OPa30BaHUS UCIIONB3YETCs

CBEpPTKa c KaX 101 u3 ¢byHKUMR
{f;‘min(x)’ sees fi(x)ﬂ cees f;max (X)}, KOTOpBIe
ONpEleNeHbl  JUIsl  BCEX  BEHIECTBEHHBIX X
uf,.(x)>20(x)-1 wopn i, —-©0, a

) .
Simax (X) > 0'(x) mpu i, —>oo [6]. Ecmu B
KayecTBE  MOJYEPKHUBAIOUIETO  MPeoOpa3oBaHUs
n3o0pakeHuss wucrnonb3zyercs BIl, mox cucremoit

(ynxuuii Frmin OO eves 110y ety frma (0}

MoApa3yMeBaeTcss MHOXKECTBO BeHBIET-(yHKITHH.
Ut0o0HBI YIOBJIETBOPUTH MIpeaeabHOMY

COOTHOIICHHUIO (x) > d"(x) mpu i, —>o©

Ul TIOJYEPKHUBAIOLIETO TMPeoOpa3oBaHUsl W 3TUM
YMEHBLIUTH MOTPEITHOCTh ONpEICICHHsT KOOPANHAT
TOYEK TeperagoB HHTCHCUBHOCTH MPH YBEINYCHUH
macmTaba BII B [1] k BelBiaerT-QyHKINH
MPUMEHSIICS TU(THHT.

B pesynprare 0000menHas BeiBiIeT-QYHKITNSI Ha

imax m

new
OCHOBE ylyullleHHOro ¢uubTpa g (cM. puc. 1)

ompenensnacs Gopmyon

v ) =y () s DLESE-R. ()

v =Ux, LK) -
kod(urmentsr, O(x) — menbra-pynxuus. BIT c

rae BeIIICCTBEHHBIE

BeHBIET-QyHKIHSIMH (1) SIBJISIETCSL
HECTAallMOHAPHBIM, T. K. Ha pasHBIX MacmTadax
npeoOpazoBaHus UCTIOJIB3YIOTCS pasHble
AHAIIM3UPYIOLINE BEUBIIETHI.

Ouenum mnoBefeHHEe OOOOIIEHHBIX BEUBIET-
¢yskmmii (1), moTydeHHBIX Ha OCHOBE JTU(THHTA, B
KOHTEKCTE CBOMCTB UEePapXIUECKOTO
MOJYEPKHUBAIOLIECTO npeoOpazoBaHusl. ITo
MOCTPOEHUI0 O00O0OIIeHHOW BeHBIeT-QYyHKIIMH Ha
ocHoBe nudTHHTa Mapamerp mMacmraba § > 1.

B mpomecce peanmzanuy OJYEPKHBAOLIETO
npeoOpa3oBaHMsi HAC  HMHTEpECyeT  IIOBE/ICHHE
GbyHKIHHA l//(sx) pu S —> 00 U GUKCUPOBAHHOM X .

OTH QyHKIMH MOHOTOHHO YOBIBAIOT TP § —> O U

|
(GUKCUpOBaHHOM X, a TaKke (SX) =——>+0
SX

1
l//(sx):——>—0 ,ecrm x>0 (x<0). Ipu
SX
x —> 0 B ciyyae peanusanud IOIYEPKUBAIOIIETO
HpeO6p330BaHI/Iﬂ Hac HUHTCPECYCT IHOBCACHUC

1
y/(sx)=— opu § —> 0. DTO HEOoHpeAeTIeHHOE
SX

Beipakenre Ttuma (-00. 3amerum, uto x —> 0
ObICTpee, dYeM §—>00 TPH  BBIIOJIHEHHH
noJuepKuBaroniero npeodpazosanus. [locienHee
OOBsICHSIETCSL TeM, YTO W300paXeHHWEe CcHadana
oOpabaTeiBaeTCsI Ha  OOHOM  ypoBHe  (§
(DUKCUPOBAHO, U3MEHSICTCS X ), & 3aTeM IPOUCXOIUT
CMeHa YpoBHS 00paboTku (u3meHnsiercs s ). Torma

l,y(sx) —> +00 (1//(sx) - —oo) mpu  x —>+0
(x > —0). Cuenosarensro, y(sx)— &'(x) upu
1 1
s — 0. Bcnyyae s — 1 w(sx):——>—.
sX X

CX0aMMOCTB l,y(sx) KO'(X) mpu s >0 MK —
X

npu § —> 1 moToyeuHas U MMEET MECTO TaKXKe JJIA

new

yIydlIeHHBIX — BeiliBieToB /. (X)  3agaun

KOHTYypHOHM cermeHTanuu. [locnennee cnpaBeniinBo
s moboro x € R, x ==1, T. K. M0 MOCTPOEHUIO
VIIyYIIEHHBIX BEHBJIETOB B OTHX TOYKaX HX
3HAYCHUS CTPEMSATCS K OCCKOHEYHOCTH.
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2. NOCTPOEHUE BEUBIIETOB c
NMOMOLLbIO NPEOBPA3OBAHUA
rPA®UKA CTENEHHOU ®YHKLIUU

ﬂOHOHHCHI/IC CHUCTEMbI YJITYUYHICHHBIX BEHUBJICTOB

new

w."(x) i 3amaud  KOHTYPHOH CerMEHTALHu

n300paxeHui BeHBIIETaMH, peanu3yonmMu
COTJIACOBAHHYIO  (UIBTPAIMIO, BBHINOJHAM  Ha
OCHOBE T€OMETPHUECKOT0 Mpeodpa3oBaHus rpaduka
¢byskuny [7].

Ilom  rpadmxkom  ¢yHKIMM  MOHWMaeETCS
MHOKECTBO TOUYEK IUIOCKOCTH C HPSMOYTOJIBHBIMU
koopauHatamu  (x,y), rtme y=f(x) -
neiicTBuTenbHas (DYHKIUS OOHON NEeHCTBUTENHHOU
MepeMEHHON X, KOTOpas NpUHHMAaeT 3HA4YCeHHS W3
obnactu omnpeneneHus 310l GpyHkuUA. C MOMOIIBIO
JMHEHHBIX npeoOpazoBaHui napajuieIbHOTO
MIepeHoca, PacCTHKEHHUS WM CXKaTHA, CHMMETPHH B
HEKOTOPBIX CiydasX TrpaduK (YHKIUH MOXKHO
MOCTPOUTH 110 33JaHHOH €ro YacTH WM MO rpaduKy
npyroii  ¢yskmum. Tak, rpadukm  QyHKOHNA
v=f(x+a) u y= f(x)+b moxuo mocrpouts ¢
MOMOIIBIO MAPAIIEIBFHOrO MepeHoca Boiab ocu Ox
u Oy coorBercTBeHHO. C MOMOIIBIO PACTIKECHUS
i oxarust 1o ocu Ox mitn Oy MOXKHO TTOCTPOUTH
rpaduk ¢pyuxiuu Y = f(kx) u y =mf(x). Yrobsl
noctpouts Tpaduk ¢yskuun Y =mf (kx+a)+b
MIOCJICIOBATETIBHO  BBHIMOJHAIOT — IIEPEUHCIICHHBIC
npeoOpa3oBaHus. [TyTem npeoOpa3oBaHuUs

CUMMETPHH OTHOCHUTEIBHO OMCCEKTPHCHI IEePBOTO
KOOPIMHATHOI'O yIiia MOJy4aloT rpaguk oOpaTHOM

dyuxmmu  y=g(x)= f ' (x). Tpaduk ¢dynxuun
y=—f(x) Moxer ObIThb TOAyYeH wu3 rpaduka
¢Gyukimu Yy = f(X) OTpa)keHHEM OTHOCHTEILHO
ocu Ox, a rpapuk ¢yskmuun y = f(—x) — u3
by y= £(x)
OTHOCHUTENILHO Oy. Tpadux

y= | f (x)| HOJIy9aeTCsl OTPAKEHHUEM OTHOCHTEIBHO

rpaduka OTpaXKEHUEM

ocH byHKIMH

ocu Ox uacreii rpaduka y = f(x) mpu y<0.

C ydyeroM MPHUBEACHHOTO aHANU3a IPOIECC
HOCTPOCHHSI  YIIYYIICHHBIX  BCUBIECTOB  MOXKHO
OpEACTaBUTh [PH  [OMOWIM  MPeoOpa3oBaHmMit
rpadMKOB CTENeHHBIX (YHKIUE [5] ciaemyrommm
obpaszom. I'paduk runepbonsr y =1/x (puc. 2, a)
npeoOpasyercss ¢ [OMOMIBI0 € MOMOMIBIO
HapajuIeNbHOro nepeHoca Baois ocu Ox Ha b, >0

y, =1/(x+b,) (pue. 2, 6). Or

y, =1/ (x + bo) octaBisieM (parmeHT npu x > 1, a

rpaduka

ot rpapuka y = x ¢parment npu X € [0, 1] (puc.
2, B). O0a rpaduka coenHSIOTCS B TOYKE pa3phiBa

U TIOBEPralTCs OTPAKEHHIO OTHOCHUTEIBHO OCH
Oy, a 3atem otHocutenbHo ocu Ox (puc. 2, r).
Gynkmun ;= 1/(x+b0)
JOTIOJIHUTENILHO TIOABEPraThCsl PACTSHKCHUIO HIIH
CIKATHIO OTHOCUTENBHO ocu OX Tepe BhIACICHHEM

I'padux MOXET

¢parMeHTa  mpu x>1. B pesynbrate
npeoOpa3zoBaHuii TpaUKOB CTEMEHHBIX (YHKIHN
noimydyeH rpaguk  JOKAUIBHO  HHTETPUPYEMOi
byHKIUH.

Puc. 2 — I'pauk runepdoas y =1/x (a),

v =1/ (x + bo) (6), nocTpoenue BeiiBieT-QyHKIHH
(8, 1)

Ha ocHOBe mpHBEJICHHOU MOCIEIOBATEILHOCTH
npeoOpa3oBaHuii Ipa)MKOB CTEMEHHBIX (YHKIUN
MOXHO  C(HOpPMYJIUPOBaTH METOJ IOCTPOCHUS
VIIyYIICHHBIX BEWBJIETOB MM 3a7a4dl KOHTYPHOI
cerMeHTanmu u300pakeHuii. OH 3aKiodaeTcs B
CIICAYIONIEM.

1. Bemonasiercs  caBur — BIeBO  rpaduka
CTCTIEHHOM  (QYHKIMM  Ha  TOJOXHTEIHHYIO
BEJIMUMHY, HEJIMHCWHO 3aBHCAIIYI) OT MacmiTada.
Takoe mpeoOpa3oBaHue rpaduka  CTEIEHHOU
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GbyHKIIH MTO3BOJISIET CKOHCTPYHPOBATh
YJIyYIICHHBIC BEWBJIECTHI, CIHOCOOHBIC BBIJACIATH
KOHTYPBl OOBEKTOB  pa3HBIX T'€OMETPUYCCKHUX

pasMepoB ¢ pa3HOU MOTPEIIHOCTHIO OMPEIeIICHHS
KOOpAHAT TOUCK KOHTYPOB.

2. OyHKIMK, TONYYCHHbIE Ha MPEIbIIyIIEM
JTane METOMAa, MOJBEPraloTCsl PACTSDKCHHIO HITH
CKaTHIO ¢ KOX(p(UIMEHTOM, pPaBHBIM 3HAYCHUIO
Macmraba mpeoOpazoBaHms. JTO oOecrednBacT

BO3MOXXHOCTb ~ 00pabOTKH  OOBEKTOB  pa3HBIX
TEOMETPUICCKUX pasMepoB C paszHou
IIOMEX0YCTONYUBOCTBIO.

3. ®parmMeHTHl IpadUKOB MMOTYUYEHHBIX (QYHKIIHHA
opu x <0 ymamstorcs. OcraBuirecss (parMeHThI
rpadukoB HO/IBEPTatOTCs npeoOpa3oBaHUIO
cummMeTpud  otHocuTensHO ocu Oy . Pesynbrar

npeoOpa3oBanus CHMMETPUU OTHOCUTENLHO OCH
Oy npu x<0 MOBTOPHO nojBepraeTcs

peoOpa3oBaHUIO CUMMETpHH, HO yxe
otHocutenbHo ocu  Ox . Takue mnpeoOpazoBaHUs
[IPEIOIAraloT PaBHOLEHHOCTh 3JIEMEHTOB CTPOKH
(cTonbma) H300paKeHUS OTHOCHUTEILHO
BEPTHKAILHON (TOPH30HTAIBHO) OCH.

B kauecTBe mpuMepa INPUMEHEHHS MeTona
IIOCTPOCHUA BEUBIJIETOB c IIOMOIIBIO
npeoOpazoBaHuil Tpa)MKOB CTEMEHHBIX (QYHKIHHA
TTOKa)KeM, 4TO CUCTeMa BeHBIeT-PyHKITHI 7]

1
1 , €Sx<s,
s(x+—-1)
s
1
v, (x)= —— B<x<-a Q)
s(x——+1)
s
0 , |x|>75, |x|<8.
. 1
Paccmorpum  cmywait  w(x)=—. Ilycrs
X

3HaueHus mnapameTpa Macmraba s <1. Ipadux
y=1/x (puc. 3, a) mnoasepraem
1/s-1)>0:
y,=l/(x+1/s=1) (puc. 3, 6). Or rpaduxa
v =1/(x+1/s-1)
x>0, K KOTOpOMYy TMpUMEHsEM MPeoOpa3oBaHKe
nomobust ¢ koddpdummentom 1/s (puc. 3, B).

OtobOpaskaeM  aHTUCHMMETPHUYHO  TOJyYCHHBIN
rpaduk Ha OTpHIATeNbHYIO Moayoch Ox (puc. 3,T).

TUIEepOOITBI

peoOpa3oBaHUIO  CIBUTA  Ha

ocTaBisieM (parMeHT Tpu

Puc. 3 - T'paduk runepdonst y =1/ x (a),
Y = 1/(x+1/s—1) (6), nocrpoenne Beiisiera (B, r)
[TonydenHsle, B pe3yJbTare T'€OMETPUUECKUX

npeoOpa3oBaHuil BeHBIET-QYHKIIMK OMUCHIBAIOTCS
(dhopmyoii:

11 , x>0,
s(x+—-1)
s
1
v, (x)= — x<0, 3)
s(x——+1)
0 , x=0.

I'padukn 3TUX QYHKUME U pa3HBIX 3HAYCHHUHA
S m300pakeHbI Ha puC. 4.
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&
v, ()

Puc. 4 — I'paduku BeiiBiaeT-pyHKIMii, onpeneasieMbIX

dopmy.oii 3) npu s =1 (1); 0,5 (2); 0,25 (3)

Cucrema BeiBrer-QyHkuuii (3) oTinmyaercs OT
(2) 3HadeHWsSAMH B OKPECTHOCTH HYyJII U Ha
OECKOHEYHOCTH. [locnennee  MoXxkeT  OBITH
CKOPPEKTHUPOBAHO 3aMEHOM (parMeHTOB rpaduKoB
dbyuknmii cuctemsl (3) B OKpECTHOCTH HYJS W Ha
0ECKOHEYHOCTH COOTBETCTBYIOUIMMHU (hparMeHTaMu
rpaduka dynkiuun y =0. T. o. cucrema BeiiBieT-
¢byHkuit (2) momydeHa myTeM TpeoOpa3oBaHUi
rpadukoB cTenmeHHbIX ¢GyHKuMid. OmHaKo cucrema
BeiBneT-pynkmmid  (3) B ommume or  (2)
YIOBIETBOPSAET TPEOOBAHMSIM IIOMEXOYCTOMUYNBOCTH
U HHU3KOHW IOTPELIHOCTH OIpENeNCHUS KOOpAWUHAT
TOYEK nepenaaoB WHTEHCHUBHOCTH TUTsL
HEePapXUUYECKOT0 MIOTYEPKHUBAIOLIETO

npeoOpa3oBaHus, T. €. I/, (x) —260(x)—1 npwu
s—>0uy, (x)—>1/x npu s —>o.

Jlis TOoro, 4tobBI 3TO JOKa3aTh, HCCIELYEM
nosejeHue QYHKUUH I/ (x) mpu s >0 u s > 1.

Ecnu x>0, TO
limy, (x)=lim 1 fm—l
50 50 1 >0 g(x—=1)+1
sl x+——1
s
B ciyuae x <0
limwy(x)=lim;:
s—0 ’ s—0 1
sl x——+1
s
) 1
=lm———=—
520 g(x+1)—1
Ectu  x=0, 10 l‘in(}z/fs(x):O. Toraa
ws(x)—>sgn(x) opu s —>0. Ilpu s—1
limt//s(x):lim;:l, ecrm x>0, u
s—1 s—l S(x_1)+1
1 1

Taike  limy, (x) =lim ,  eciH
s> 7

s>l g(x+1) -1

x<0.
[Mokaxkem, 4to QyHKUUs SEN(X) mpeacTaBisieT

CcO0OH HMMYJBbCHYIO XapaKTepPUCTHKY (QHIbTpa,
COTJIACOBAaHHOTO C TIEpemnajgoM HMHTEHCUBHOCTH
M300pakKeHUSI. UmnynecHas ~ xapakTepUCTHKA
COTJIaCOBaHHOTO (WIBTPa TMPEACTABIIET COOOH
MacITa0HYI0 KOMHUIO BXOJHOTO CUTHAJIA, KOTOpas
pacrionaraercs B 3€pKallbHOM MOPSAKE BIOJb OCH
MpOCTpaHCTBEHHOW KoopauHaThl [8]. Kpome sToro
UMITyJIbCHAasE ~ XapakTepHCTHKA  COTJIACOBAHHOTO
¢unpTpa CMelleHa OTHOCHUTENBHO 3epKalbHOU

KOIIMM BXOQHOI'O CUTHAJIa Ha BEJIMINHY X, :

hcorn ()C) = kSBX (xo - X) > (4)
rie  h,,(X) — HMIyIbCHas XapaKTEPUCTUKA
corimacoBaHHoro ¢uibtpa, S, (X) — BXOIHOM
CUTHal, X, kK — MOCTOSIHHBIC.

B KayecTBe BXOJIHOTO CUTHAIA,
COOTBETCTBYIOLIETO  MEpernaay  HWHTCHCHBHOCTH
n300pakeHus1, BeIOepeM

s, (x)=a,+a06(-x), (5)
rae 0(x) - GyHKIWS Xesucaiina,

I, x>0,
0(x) = INIE
0, x<0.
I, x>0,
sgn(x) =<0, x=0, Torma
-1, x<0.
sgn(x) =26(x) -1 (6)

Bcioay Ha R, kpome Touku X = 0. YuursiBas (4),
(5), (6), momyqaem

Peors () = sg0(X)

Bcrogy Ha R, kpome Touku X =0. Ilpu sTOM
k=2, x,=0 B (4), a Takxe a,=-1, a,=1 B

(5).
Takum obpazom, GyHKIHS sgn(x)
MpeNICTaBISACT coboit HUMITYJIECHY IO
XapaKTepUCTUKy (UIbTpPa, COTIACOBAHHOTO C
nepenajgoM WHTCHCUBHOCTH HW300paKeHUs Ha
R\ 0. Ha 3HaueHue WHTErpaga CBEPTKH HE BIHUSET
3HaueHne GQyHKIUMH B ogHOH Touke X =0.
CrnenoBarenbHo, cucrema BelBieT-QyHKun (3)

pu s—0 CXOIWTCSI K  HWMITYJIbCHOH
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XapaKTepHCTHKE COTJIaCOBAHHOTO GHIBTPa IS
neperaia HHTEHCHBHOCTH M300paKeHHSL.

B pesynsTare paBHOMEPHON [IMCKPETHU3AIHH
mpu x>0 u x<O0 BeiiBaer-¢pyukuu (3)

nonayuaeM GuisTp g, ¢ koddduEeHTaMH

1 1 1

R

s+1°

; sk+177 5241

1 1 1
Ts+17 s 2417 U s k+1 7)

I KOTOPBIX Mpeanonaraercs, uyrto § <1. Dtot
(unpTp sABIAETCS TMOJOCOBBIM C TOABEMOM B
obmactn BepxHuUX dYactor (puc. 5). Takoe
CBOMCTBO (QuIbTpa TO3BOJAET PETYIHPOBATH
COOTHOIIEHHUE MEXAY IOMEXOyCTOMUYUBOCTBIO U
[OTPEIIHOCTBIO OINpEeAeNeHUusT KOOPAMHAT TOYEK
nepernajgoB WHTCHCUBHOCTH  H300pakeHUS B
MeToJaxX KOHTYpHOH cermMeHTanuu [5].

0.2 03 04 05 06 0T 08 09 1
)

Puc. 5 — AMIUINTYIHO-4aCTOTHAs XapaKTEePUCTUKA

¢uabTpa (7) npu s = 0,01 (1); 0,1 (2); 0,5 (3)

3. METO[ KOHTYPHOM
CEMMEHTALUWUN U3OBPAXEHWUN C
NMPUMEHEHWEM BEMBNETOB,
NONYYEHHBIX NYTEM
NMPEOBPA30BAHUA ITPA®UKA
CTENEHHON ®YHKLUMN

B pabGore [1] cdopMmynupoBaH MeETOA
KOHTYpPHOW  CETMEHTaMu  HW300pakeHW B
npoctparcTBe BII ¢ ucnonp3zoBannem nudTuHra C
napamMeTpamMu: OTHOIIEHHE BEpXHEro Iopora K
HIDKHEMY W BEPXHHH MOPOT, T. €. IPOLIEHT TO4YeK B
pacrpeaeneHnu BEJIMYMH BEHBICT-
KO3 (UIUEHTOB, KOTOpble OyAyT BKIIOYEHBI B
KOHTYPHBIH Ipemapar. DTOT METOJ 3aKII09aeTCs

e 3ajaroTcs 3HaueHus MacmrTaba BII s ;

e s pesyaprara BIl ¢ kaxasiM 3HaYeHHEM
Maciiurada s :

® BBIYUCISAIOTCS BEPXHUN U HUXKHUU MOPOTH C
Y4eTOM BBIOpaHHBIX TapaMETPOB;

e s KaX 101 CTPOKH HCXOJHOTO
n300paxeHus BBINIOJIHSIETCSA OBICTpOE
MHorodaznoe BIl ¢ wucnonp3oBaHuem

TUQPTUHTA; TTOTyYaeTcsi KOHTPACTUPOBAHHOE
m3obpaxenue R, (x,y)rakoro xe pasmepa,

KaK ¥ UCXOJHOE;

® K KOHTPACTUPOBAHHBIM  H300PAKECHHUAM
R(x,y) wm R,(x,y) upumensercs
Mopdomorudeckass  oOpaboTka  KOHTypa

n3o0paxenus merona Kannu [3].

B nmamnHoit  paGoTe  MeToJq ~ KOHTYpHOM
cerMeHTanuu n3oopaxeHuil B mpoctpancTse BII ¢
UCIONb30BaHueM Jin(TrHra 00001IeH Ha ciydai
NPUMCHECHHST BEUBIIETOB, MOJYYCHHBIX MYTEM
npeoOpazoBaHuil rpaduka cTeneHHol GpyHkuu. B
pesynbprare IS KaKIOW CTPOKH H©  KaXAOro
cronbua wu300pakeHUsI BBIMOJHAETCS OBICTpOE
mHorogasnoe BII ¢ ucnons3oBanuem nudTHHra B
ClIy4yae, KOTJa 3HauYeHHE TNapaMeTpa MacmTada
s>1. Ecim s<1, To mma Kaxmodl CTPOKH H
KaKIOro cToyidna wu300pakeHHsI BBITOIHACTCS
CBEPTKAa C BEWBJIETAMHU, IIOJYYEHHBIMH IIyTEM
npeoOpazoBaHuil Tpaduka CTENeHHOW (YHKIIHH.
OcrtanpHble  dTambl  MeToma  paboter  [1]
MepeHocsaTcs B Ooyiee OOMMI MeTOA IaHHOW

paboThl 6€3 M3MEHEHHI.

4. SKCNMEPUMEHTAIJIbHbIE
NCCINEOOBAHUA U BbIBOAbI

B xone »skcnepuMEHTalIbHBIX MCCIECIOBAHUMN
OILICHUBAJIACh s dexkTuBHas IUIUTETILHOCTD
MOIYEPKHYTOTO nepemnana MHTECHCUBHOCTH
HU300paKeHUs, Ka4eCTBO, MOMEXOYCTOHYHBOCTD U
3¢ (eKTUBHOCTH IPEII0KEHHOTO MeToAa
KOHTYpHOM  cerMeHTaluuu  Hu300pakeHHid ¢
NPUMCHCHHEM BEHBJIETOB, IOJYYEHHBIX MYTEM
npeoOpazoBaHuil Tpaduka CTENEeHHOW (YHKIIHH.

S(I)(I)CKTI/IBHEISI JINUTCIIBHOCTD MOAYCPKHYTOI'O
nepemnana WHTCHCHUBHOCTHU I/I306pa)KeHI/I$[ —
IIoKasartc€iib, (l)YHKLII/IOHaJ'ILHO CBSI3aHHBIN C

MOTPEIIHOCTBIO OMpEEIeHHs KOOPIMHAT TOYEK
nepenagoB UHTeHCUBHOCTH. OH Onpenessuics 1o
OCIabJIEHUI0O  MOAYJs  CBEPTKH  uibTpa ¢
MoOJleNbI0 mepenana uHrencuBroctu @(x) mo 0,5

OT MaKCHMaJIbHOTO 3HaueHus (Tadi. 1).
ITokazarenem KauecTBa KOHTYPHO

CerMEHTaluu H300pakeHUus BBIOpaH TOKa3aTelb

0JIN30CTH MEXJy KOHTYpaMHU TECTOBOTO HJCATbHO
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CErMEHTUPOBAaHHOro  u3o0paxkenus [

HU300paKeHus I, CErMEHTHPOBAHHOTO
HCCIIeyeMbIM MeT0I0M 00paboTku [10]:

S S )= I (o))

x=1 y=1

F =

7 )

rne P — juuMHa BBEIZENEHHBIX KOHTYpOB B

nukcensix, M x N — pazmepsl n300paxeHus.
Ta6uuna 1. 3Havenns 3¢GpPeKTHBHON JIUTETBLHOCTH

NMO4YEePKHYTOr0 Nnepenaja HHTeHCHBHOCTH
H300paskeHus! VISl Pa3sHbIX (PUIBTPOB

st omeHkn 3¢ (GEKTHBHOCTH  CETMEHTAIUH

HCIOJIB30BaJICA MTOKazaTelnb [10]

nlog, q
E=—— 9)
k+1

rIe 7 — KOJWYECTBO THKCENeH B 0OpabaThiBaeMOM
MOJYTOHOBOM H300paXCHUH, ¢ — KOJIUYECTBO
rpaganMii  MHTEHCHMBHOCTH, Kk — KOJHYECTBO

3HAUAINX [MUKCeNIel B KOHTYPHOM ITpermapare.
[lomydensr rpaduKky 3aBHCHUMOCTH 3HAYCHUS
kpurepus IlpstTa m mokazaremerr (8), (9) ot
OTHOIIICHUSI CUTHAJI/IIYM ( 1O MOIIHOCTH JIJIst
TECTOBOTO  M300pakeHHs  pasMepoM  256x256
MUKCENeH, MPEeACTaBIAIONIer0 CO00H YepHO-OembIi

O dexTUBHAA NIMTEILHOCTL | TIEpPENa] C HAJIOXEHHbIM Ha HEro aJJAUTUBHBIM
®unbTp HMOT1EPKHYTOr0 mepenaja HE3aBHCUMBIM TayCCOBCKMM IIymMOM (puc. 0).
WHTCHCHBHOCTH OTHoOLLIEHUE CUTHAJI/IIIyM o MOILHOCTH
H300paKeHUs1 2 )
— ompenesuiock kKak g =h" /o, , tae h — BbIcoTa
g™, 5=0,01 83 )
repenajga MHTEHCUBHOCTH, O, — JUCIIEPCHS IIyMa.
g 5=0,02 67 p > T p Y
g, 5=0,05 45
g, s=0,1 33
g, s=1 7
g, 572 3
g, s=4 1
R
0.9
0.8
0.7
0.6
0.5
0.4
0.3
s
0.2
0.1
g on povwar
a.
F 008

0.o7

0.06

0.05
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ooz
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g on power

B

Puc. 6 — 3aBucumoctu kpurtepus Iparra (a), nokaszareneii kauectsa (0) u 3¢ peKTUBHOCTH cerMeHTaNNHU (B) OT
OTHOIIIEHHUsI CUTHAJN/IYM ( o momnocTH npu s=0,01 (1); 0,02 (2); 0,05 (3); 0,1 (4); 0,5 (5) nJyist NPeIOKEHHOTO
MeToaa u MmeToaa Kannm (6)

PesynbraTel  HWCCNEAOBaHW  MPEJIOKCHHOTO
METOJIla KOHTYPHOW CErMEHTAIluM W300pakeHUui c

[IPUMCHEHUEM BEHBICTOB, IOJIYYEHHBIX IIyTeM
npeoOpa3oBaHuil TrpaduKa CTEICHHONW (QYHKIUH,
moKasaind, 41O npu pocTte napamerpa
npeobpa3zoBanus §  CcHmkaerca 1o 1,6 pa3
3¢ peKTHBHAS  UIMTENBHOCTh  HOAYEPKHYTOTO
nepenaza MHTEHCUBHOCTH n300paxeHus,
(YHKIMOHQJIBHO  CBA3aHHAasT C  IOTPELIHOCTBHIO
ONpeNeNieHHss ~ KOOpPIWUHAT  TOYEK  IepernajoB
HWHTEHCUBHOCTH. [pu 3TOM MOKAa3aTenb

[TOMEXOYCTOWYMBOCTH TIPY 3HAYECHHSX OTHOIICHHUS
CUTHAJI/IIYM 2 ¥ MEHEe TI0 MOIIIHOCTH CHUYKAETCS JI0
3 pa3, a mo cpaBHeHuto ¢ mMetonoM Kannu mo 2,2
pa3. Ilokazarenp KadecTBa C pOCTOM § yXyALIaeTcs
0 8 pa3 MpU 3HAYCHUSAX OTHOILICHHS CHUTHAI/IIYM
0oJjiee 5 IO MOIIHOCTH, a TI0O CPAaBHEHHUIO C METOJI0M
Kannu no 14 pas. [To 3¢ deKkTHBHOCTH CerMeHTaIuH
C pocTOM TmapaMerpa § TIONYYeHbl CXOIHbBIE
pe3yNIbTaTHI.
Takum  o0Opa3oMm, pa3pabOTaHHBIA  METOA
KOHTYpHOW  CEerMEHTalul  W300pakeHW#H ¢
MIPIMEHEHUEM BEWBIIETOB, TOJIYYEHHBIX MyTEM
npeoOpa3oBaHuil TrpaduKa CTEICHHONW (QYHKIUH,
MOXXKHO pEKOMEHJIOBaTh B 3ajadyax o0padoTKH
M300pKCHUH C TIOBBIMICHHBIMH TPEOOBAHHUSIMH K
MIOMEXO0YCTOHYNBOCTH, B CIy4ae, €CIi HeOOXOIMMbI
METOJIbI KOHTYPHON CETMEHTAIUU C PEryJIUupyeMoi
JeTamu3anueil 00beKTOB H300PaKEHISL.
IIpuBeneHHbIE pe3yJIbTaThl HCCIIeIOBAHU I
MO3BOJISIIOT Pa3pabOTYMKY CHCTEM KOMIBIOTEPHOTO
pacrno3HaBaHUs 3pUTEITBHBIX o0pasoB B

3aBHCHMOCTH OT CBOWCTB H300pakeHUH M Ienel
00paboTKH BHIOpAaTh alIeKBaTHBIM BUJA BEHBIET-
npeoOpa3oBaHys U 3HAUCHUE €r0 IapaMeTpa.
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Abstract: In this paper the method to construct the improved wavelets by transformation of a graph of power function

is developed for the edge detection.
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In considerable part of computer recognition of
visual patterns the objects of recognition have a
hierarchical structure (object-subobject). For such
problems or for the scene analysis it is necessary to
distinguish objects on an image not only on the
strength of edge but also on geometrical size of
objects. In this case it is expedient to make edge
detection of images in space of wavelet transform
(WT) coefficients.

In this paper the noise stability of edge detection
of images is increased and the error of determination
of co-ordinates of position of objects edges on the
different levels of hierarchy is lowered due to
application of wavelets built by transforms of graph
of power function. The method of construction of
improved wavelets by transform of graph of power
function is developed for the edge detection. The
function graph is understood as a points set of a

plane with rectangular co-ordinates (%) where

y=/(x) is a real-valued function of one real
variable x which accepts values from a range of
definition of this function [1] means of linear
transforms of parallel shifting, scaling, and
symmetry in some cases the function graph can be
constructed with its parts or under a drawing of other
function.

On the basis of the parallel shifting, scaling, and
symmetry of graphs of power functions it is possible
to formulate the method of construction of improved
wavelets for the edge detection. It consists in the
following.

1. To the graph of power function the left-shift on
the positive value nonlinearly depending on a scale
is applied. Such transform of the graph of power
function allows constructing improved wavelets

underlines the edges of objects of different
geometrical size with a different error of
determination of co-ordinates of position of edges.

2. The functions got at the previous stage of a
method are scaled with the factor equal to value of a
scale of transform. It ensures a possibility of
processing of objects of different geometrical size
with different noise stability.

3. Fragments of graphs of the got functions at x
<0 leave. The remained fragments of graphs are
transformed by symmetry to axis Oy. The outcome
of symmetry to axis Oy at x <0 repeatedly is exposed
to symmetry transform, but already concerning an
axis Ox. Such transforms assume an equivalence of
pixels of a line (column) of the image concerning a
vertical (horizontal) axis.

The method of construction of wavelets by
transforms of graph of power functions [1] applied
on the wavelets

1
—_—, x>0,
s(x+1/s-1)
1
=< — x<0,
WS(X) s(x—1/s+1) * (D
0 , x=0.

Let’s consider the case w(x)=1/x. Let values
of parameter of scales <1. The graph of hyperbola
y=1/x (Fig. 1, a) we shift on (1/s—1)>0:
v =l/(x+1/s-1) (Fig. 1, b).
vy =1/(x+1/5s—-1) we leave a fragment at x>0

From graph

to which we apply a scaling with factor 1/s (Fig. 1,
¢). We map antisymmetrically the resulted graph on
negative semiaxis Ox (Fig. 1, d).
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L
e

Fig. 1 — the graph of hyperbola y =1/x (),
v =1/(x+1/5—1) (b), construction of wavelet (c, d)

The edge detector on images based on the Canny
detector with the use of wavelets built by transform
of the graph of power function is proposed.

Wavelets got as a result of geometrical
transforms are described a formula:

1

— 1 x>0,
s(x+—-1)
s
1
l//s(x)= — 1 x<0, (2)
s(x——+1
s
0 , x=0.

Graphs of these functions for different values S

are represented on Fig. 2.
&
v |,

Fig. 2 — Graphs of the wavelets defined by the Eq. 3 at
s=1(1); 05 (2); 0,25 3)

The wavelets from Eq. 2 differs from Eq. 1 by
values in a neighbourhood of zero and on infinity.
The last can be corrected by replacement of
fragments of graphs of functions of Eq. 1 in a
neighbourhood of zero and on infinity by
corresponding fragments of the graph of function
¥=0_ Therefore the wavelets from Eq. 1 is got by

transforms of graphs of power functions. However
the wavelets from Eq. 2 unlike Eq. 1 satisfies to

requirements of a noise stability and a low error of
determination of co-ordinates of position of edges
for hierarchical underlining transform, i.e.
(1) >2000-1 ot s—>0 and ‘/’s(x)_)l/x at
§ —> 0

As a result of uniform discretization at X > 0 and

x <0 of wavelets from Eq. 2 we get filter & o
with coefficients

new 1 1 1
gs =3\ 9 ey T s a_la
s-k+1 s-2+1  s+1
: 1 1 1 }
T+ s 241 s k+1 3)

for which it is supposed, that § <1, This is band
filter with lifting of the upper frequencies (Fig. 3).
Such property of the filter allows to regulating a
relation between noise stability and an error of
definition of co-ordinates of position of edges of the
image in the methods of edge detection [2].

e 1
0.9 I ] \ / \\
alfbh N

08 0 1
Fig. 3 — Frequency response of filter (3) at (1); (2); (3)

Thus elaborated edge detector for images with
the use of wavelets got by transforms of graph of
power function it is possible to recommend in
processing of images with the high requirements to
noise stability in the case if the edge detector with
the different processing of objects details on image
is needed.
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Abstract: The advances and use of technology in all walks of life results in tremendous growth of data available for
data mining. Large amount of knowledge available can be utilized to improve decision-making process. The data
contains the noise or outlier data to some extent which hampers the classification performance of classifier built on that
training data. The learning process on large data set becomes very slow, as it has to be done serially on available large
datasets. It has been proved that random data reduction techniques can be used to build optimal decision trees. Thus,
we can integrate data cleaning and data sampling techniques to overcome the problems in handling large data sets. In
this proposed technique outlier data is first filtered out to get clean data with improved quality and then random
sampling technique is applied on this clean data set to get reduced data set. This reduced data set is used to construct
optimal decision tree.

Experiments performed on several data sets proved that the proposed technique builds decision trees with enhanced
classification accuracy as compared to classification performance on complete data set. Due to use of classification
filter a quality of data is improved and sampling reduces the size of the data set. Thus, the proposed method constructs
more accurate and optimal sized decision trees and it also avoids problems like overloading of memory and processor
with large data sets. In addition, the time required to build a model on clean data is significantly reduced providing
significant speedup.

Keywords: Large data sets, decision tree, data cleaning, data sampling, speedup and classification accuracy.

1. INTRODUCTION divergent with rest of the data set. [3]. Gamberger
and Lavarac [4] suggested that effect of erroneous
data on hypothesis could be avoided by eliminating
it from training data before induction.

Data cleaning and sampling reduces time
complexity of decision tree learning. Let n be the
number of training instances and m be the number of
attributes in a instance, computational cost of
building tree is O(m n log n) [5]; as n is reduced due
to sampling and filterring, the corresponding cost is
reduced. Similarly the cost of decision tree pruning
process is O(n(logn)’) [5]. Due to data cleaning
operation overfitting can be reduced and as
erroneous data is removed the time complexity of
pruning process can be reduced significantly.

The proposed technique integrates data cleaning
2] and data sampling techniques to overcome these

; . . . problems. The classification filter is used to filter

The noise or outliers in data also affect the . . .

. ) X training data to improve data quality, subsequently
classification performance of the classifier on that . . . - ;
incremental random sampling is applied on this

data. An outlier is an instance that is significantly filtered data. These cleaned and sampled data sets

The volume of data in databases is growing to
large sizes, both in the number of attributes and
instances. Data mining provides tools to inference
knowledge from databases. This knowledge is used
to boost the businesses. Data mining on a very large
data set may overload a computer systems memory
and processor making the learning process very
slow. Data sets used for inference may be very large,
may be up to terabytes. The data mining methods are
faster when used on smaller data sets. T. Oates, D.
Jensen [1] proved that removing randomly selected
training instances;often results in smaller trees that
are equally accurate to those built on all available
training instances. Random data reduction technique
is one of the solutions to handle the large data sets.
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are used to learn classifiers.

1.1 Decision Tree Construction

Decision tree is a classifier in the form of tree
that contains a decision node and leaves. A decision
node specifies a test to be carried on single attributes
value. A leave specifies a class. A solution is at hand
for each probable outcome of the test in the form of
child node. A tree is traversed from root to node to
find out the class of an instance. A performance
measure of a decision tree is the number of correctly
classified instances called classification accuracy of
the tree. It is defined in terms of the percentage of
correctly classified instances. [6] - [8]. A decision
tree algorithms construct accurate decision trees for
classification, but they often experience the
drawback of excessive complexity that can make
them incomprehensible to human experts [9].

Hybrid learning methodologies that integrate
genetic algorithms (GAs) and decision tree learning
for evolving optimal decision trees have been
proposed by different authors. Although the
approaches are different the objective is to obtain
optimal decision trees. The decision tree is called
optimal if it is accurate and has minimum number of
leafs. The GAIT algorithm proposed by Z. Fu [10]
proposed generation of the set of diverse decision
trees from different subsets of the original data set
by using a decision tree algorithm C4.5, on small
samples of the data. These decision trees are used as
the initial populations to genetic algorithm. The
fitness criterion for evaluation is the classification
accuracy on test data. A. Papagelis, and D. Kalles
proposed GATree, a genetically evolved decision
tree [11]. The Genetic Algorithm is used to directly
evolve binary decision trees. Decision trees those
have one decision node with to two different leaves
are operated by genetic operators. The constructed
trees are called genetically evolved decision trees.
Similar approaches are available in [12] - [13].

2. RELATED WORK

The proposed approach is combination of two
techniques first is data cleaning and second is data
sampling, these techniques are presented in two
separate subsections.

2.1 DATA CLEANING

The outlier detection and noise elimination is an
important issue in data analysis. The exclusion of
outliers improves data quality and therefore
classification performance. Several researchers have
proposed various approaches for data cleaning. G.H.
John [14] proposed a technique that removes a
misclassified training instance from training data

and reconstructs the trees, the process is repeated till
all such instances are removed from training data.
Misclassified instances are recognized using tree
classifier as a filter. The resulting classifier enhances
classification performance accuracy. Broadly and
Friedl [15] proposed a method for detecting
mislabeled instances. The method uses a set of
learning algorithms to construct classifiers that act as
a filter for the training data. The technique removes
outliers in regression analysis. Arning et al. [16]
proposed framework for the problem of outlier
detection. Similar to human beings, it observes all
instances for similarity with data sets and it treats
dissimilar data set as an exception. A dissimilarity
function is used to find out outliers.

Raman and Hellerstein [17] proposed an
interactive framework for data cleaning that
integrates transformation and discrepancy detection.
Guyon et al [18] proposed training of convolutional
neural networks with local connections and shared
weights. Gamberger and Lavrac [19] proposed
conditions for Occam’s razor applicability in noise
elimination. Knorr and Ng [20] proposed unified
outlier detection system. Subsequently, they
proposed and analyzed some algorithms for
detecting distance-based outliers. Tax and Duin [21]
proposed outlier detection that is based on the
instability of the output of simple classifiers on new
objects. Gamberger et al [22] proposed saturation
filter. It is based on principle that detection and
removal of noisy instances from training data
induces less complex and more accurate hypothesis.
The saturated training data set can be employed for
induction of stable target theory.

Schwarm and Wolfman [23] proposed Bayesian
methods for data cleaning which detects errors and
corrects them. Ramaswamy et al [24] proposed
algorithm for distance-based that ranks each point
based on its distance to its nearest neighbor. Kubika
and Moore [25] presented system for learning
explicit noise. The system detects corrupted fields
and uses non-corrupted fields for consequent
modeling and analysis. Verbaeten and Assche [26]
proposed three ensemble based methods for noise
elimination in classification problems. Loureiro et al
[27] proposed a method that applies hierarchical
clustering methods for outlier detection. Xiong et al.
[28] proposed a hyperclique-based noise removal
system to provide superior quality association
patterns. Patil and Bichkar [29] proposed use of
evolutionary decision tree as classification filter and
found that, with use of genetic algorithm optimal
trees can be built.

2.2 DATA SAMPLING

Sampling is the procedure to obtain a subset of
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instances that represents the entire data set. It is
necessary to have sufficient sample size to validate
statistical analysis. Sampling is done because it is
impracticable to test every single individual in the
data set. Moreover it saves time, resources and effort
while executing the research. The representativeness
is the most important issue in statistical sampling.
The sample obtained from the set of data instances
must be representative of the same. Probability
sampling and Non-probability sampling are two
types of sampling. In Probability sampling, all the
instances in set have equal probability of being
selected. The approach assures completely
randomized selection process which is unbiased. The
hypothesis is accurate when this sampling is used. In
Non-Probability sampling all the instances in data
set do not have equal probability of being selected.
Thus sample does not completely represent the
target data set. The representativeness can be
achieved by using simple randomized statistical
sampling techniques.

Jenson and Oates [1] experimented with random
data sampling and proved that as size of the training
dataset increases size of tree also increases where as
classification  accuracy does not increase
significantly.

S. Vucetic and Z. Obradovic [30] proposed an
effective data reduction method founded on guided
sampling for determining a minimal size
representative subset, it was followed by a model-
sensitivity analysis for determining a suitable
compression level for each attribute.

A. Lazarevic and Z. Obradovic [31] proposed
several efficient techniques based on the idea of
progressive sampling. The sampling process
combines all the models constructed on previously
considered data samples. The authors also proposed
controllable sampling based on the boosting
algorithm, where the models are combined using a
weighted voting. Another contribution by authors is
sampling procedure for spatial data domains, where
the data instances are selected in accordance with
the performance of previous models as well as in
accordance with the spatial correlation of data.

Patil and Bichkar [32] proposed use of
evolutionary decision tree along with random
sampling of data to optimize the decision trees and
concluded that the proposed method builds trees that
are accurate and relatively smaller in size.

3. PROPOSED MODEL

The proposed model is based on combination of
removal of outliers from data as first stage and
incremental random sampling of data to evolve
decision trees as second stage to obtain compact
representation of large data set. The data set is first

filtered using classification filter and then sampled
randomly in different subsets by random sampling,
initially, sample size is 5% and reaches up to 100%
of the instances available in clean data set. The size
of training data set is increased by 5% each time
using random selection of instances and using this
data tree are evolved. We have set 5% sample size as
minimum Threshold size. The tree is first on built
sample of size 5% of clean data and the
classification accuracy on clean sampled data is
compared with accuracy on complete clean data set.
If classification accuracy on sample data is equal or
greater than accuracy complete data then, the sample
size is representative of complete data set, otherwise
next incremental sample size is 10% of data and so
on.

Let Trbe a set of all available # training instances
classification filter is applied and we get clean data
set Tc and unclean data set 7z Let X. 1is
classification accuracy on 7¢. Let a training instance
be denoted by / and let the sampling size Threshold
be denoted by a, and a = 5. Random sampling is
done on T, let 7; be subset of instances in 7T where
T: € Tc and i = 1 to 20, let hypothesis H; is induced
on T; and classification accuracy on this training data
be X..

V T;on H; if X; > Xc = T; is Final training set
for constructing classifier and is denoted as reduced
data set T and accuracy on T is denoted by X;.

The proposed algorithm works as follows.

Induce(H, Tg).
Classify (H, Tg). // Classification Filter
VIiin TrIfX(1) = 1 =1 €T
Else del(l).
Sample(T¢, T;) //Random sampling on Tk.
For(i=1;i<20;i=i+l)
Induce(H,, T)).
Compare(X;, X¢).
If Xc > X; = T; is final reduced data set Tx.
0. Induce hypothesis Hr on 7; with decision
tree as a final classifier.
11. Else repeat step 7 to 10 with next
incremental sample until we get X¢c > X; .
12. End.

i S AR e

4. METHOD OF EXPERIMENTATION

Prior to applying the proposed technique on large
data sets, we found it appropriate to first test it on
the normal sized benchmark data set from UCI
repository [33]. Experiments were performed on 24
benchmark data sets to explore classification
accuracy of decision tree at reduced training data
using proposed approach and results are validated
using standard decision tree algorithm J48, CART
[34] and GATree[11]. A significant enhancement in
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classification performance on all data sets is
observed, in order to make the presentation concise
we are presenting only few cases with lower,
moderate and higher classification accuracy on
sample basis; these results are presented in Table 1,
2 and 3 respectively. For these data sets value of a =
25; i.e. initial sample size is 25% as data sets are
smaller to midsize data sets. Whenever average
results are presented in result discussion, it means it
is average of all 24 data sets.

In test method, the data set is first filtered using
classification filter. Then clean data is incrementally
sampled in different subsets and trained using
decision trees algorithms until we get classification
accuracies comparable to that obtained on complete
data set. The same method without filtering data is
also followed in experimentation to get results with
unclean data.

In order to analyse effect of cleaning on data and
effect of sampling on data we have separate
subsections followed by analysis on combined effect
of cleaning and sampling on data by proposed
method.

4.1 EFFECT OF CLEANING ON DATA

Data cleaning process improves the quality of
data. This section presents effect of data cleaning on
classification performance of the classifier on clean
data sets. To study the effect, the complete data set
Tr is filtered using classification filter and clean data
Tc is obtained. The classification accuracies on data

sets Tr and T are obtained using k-fold cross
validation method and are presented in Table 1; X is
classification accuracy on Tp. It is observed that for
J48 classifier, classification accuracies on cleaned
data sets in Table 1 are around 99% except Monks
data set. Monks data set is having lower
classification accuracy on complete data set Tx
amongst all, it is 70.16% and classification accuracy
on cleaned data is 90.16% which is a significant
enhancement in classification performance on
cleaning data. Similar results are observed on CART
classifier. In case of GATree classifier, exceptional
case is data set Mfeat-Factor, it has lower
classification accuracy on complete data set which is
38.80% and is significantly enhanced to 80.67%
with 41.87% enhancement in accuracy. The
enhancement in accuracy AX is the absolute
difference in accuracy between the tree build from
the cleaned data set and the tree build from complete
data training data which is unclean data. The average
results for enhancement in accuracy (average AX)
due to data cleaning for all 24 data sets are 8.87%,
8.43%, and 25.49% for J48, CART and GATree
respectively. The previous results available so far by
G. H. John [12] indicate enhancement in accuracy
on J48 by 2% to 4% in average whereas here we
have enhancement of around 8% in accuracy. Thus,
with data cleaning with proposed we get enhanced
classification performance, the reason is removal of
anomalies in data.

Table 1. Effect of cleaning on data

Sr. Data Set J48 CART GATree

No. X Xc AX Xc AX Xe Xc AX
1 Australian 90.72 100.00 9.28 91.01 100.00 8.99 87.971 100.00 12.02
2 Breast —w 94.85 98.21 3.36 96.42 98.51 2.09 94.10 99.40 5.30
3 German 79.80 99.72 19.92 85.50 99.44 13.94 70.20 99.58 29.38
4 kr-vs-kp 99.41 100.00 0.59 99.62 100.00 0.38 91.05 98.55 7.50
5 Mfeat-Factor 93.50 99.73 6.23 93.25 98.66 541 38.80 80.67 41.87
6 Monks 70.16 90.16 20.00 64.52 93.44 28.92 70.00 90.00 20.00

4.2 EFFECT OF SAMPLING ON DATA

As it is impracticable to test every single
individual instance in the data set, tests are
conducted on samples of data. In this section we
present analysis effect of sampling on data, and
hence data cleaning process is not exercised here.
The results are presented in Table 2. The complete
data set 7ris sampled. Initial sample size is 25% of
data, train decision tree on it, if classification
accuracy on this classifier is equal or more than
classification accuracy on complete dataset; the
sample size is final sample size Try. Otherwise
increment sample size by 5% and repeat the process.
The data is incrementally sampled in different

subsets and trained using decision trees algorithms
successively until we get classification accuracies
comparable to that obtained on complete data set.
The sample size is abbreviated as SS and
classification accuracy on reduced unclean data set
Try 1s abbreviated as Xzy in Table 2. Here the
enhancement in accuracy AX is the absolute
difference in accuracy between the tree build from
the reduced unclean data set and the tree build from
complete data training data which is unclean data.
The average classification accuracies on all 24
complete datasets 7 are 90.02%, 89.31% and
72.25% as compared to accuracy of 90.32%, 90.05%
and 74.75% on sampled data set Tyy for J48, CART
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and GATree classifiers respectively. Thus, with data
sampling, we get comparable accuracies on reduced
data set.

The average percentage sample sizes for all 24
data set are 72.70%, 74.17% and 33.33% on
complete data sets for J48, CART and GATree
classifiers respectively. The sample size on J48 and
CART are similar in average, whereas it is
significantly smaller for GATree. Although average
sample size is between 72% to 74% for J48 and
CART, sampling was not so successful on some
unclean data sets. The exceptional cases are, Monks
data set on J48 classifier, German and Mfeat-Factor

data sets on CART. These data sets could get
required comparable accuracy with 100% data
samples on unclean data set. The anomalies present
in the data set are the most probable reason for it.

The sample size required for GATree is smaller
because, GAtree incorporates genetic algorithm for
global search in the problem space with
classification performance in terms of accuracy as
fitness function without being biased towards a local
optimum and the sample size required is optimised.
Thus we get reduced data set with comparable
classification performance.

Table 2. Effect of sampling on data

Sr. Data Set J48 CART GATree

No. Xe Xru AX SS Xe Xru AX | SS Xe Xru AX | SS
1 | Australian 90.72 | 90.72 | 0.00 | 85 | 91.01 | 91.52 | 0.51 | 65 | 87.97 | 87.50 | -0.47 | 35
2 | Breast—w 94.85 | 9522 | 037 | 45 | 96.42 | 97.42 1.00 | 50 | 94.10 | 97.65 | 3.55 | 25
3 | German 79.80 | 80.15 | 0.35 | 65 | 85.50 | 85.50 | 0.00 | 100 | 70.20 | 74.40 | 4.20 | 25
4 | kr-vs-kp 99.41 | 99.30 | -0.11 | 40 | 99.62 | 99.43 | -0.19 | 55 | 91.05 | 91.07 | 0.02 | 25
5 | Mfeat-Fact. 93.50 | 93.00 | -0.50 | 75 | 93.25 | 93.25 | 0.00 | 100 | 38.80 | 41.00 | 2.20 | 25
6 | Monks 70.16 | 70.16 | 0.00 | 100 | 64.52 | 67.50 | 2.98 | 65 | 70.00 | 70.00 | 0.00 | 90

4.3 EFFECT OF CLEANING AND 83.78%.

SAMPLING ON DATA

In the experimentation with the proposed
approach, the data is first filtered and then sampled
incrementally and trained using decision trees
algorithms until we get classification accuracies
comparable to that obtained on clean data set 7¢.
The comparison of accuracies on complete data set
Tr with cleaned and reduced data set Txc 1is
presented here in Table 3. The enhancement in
accuracy AX is the absolute difference in accuracy
between the tree build from the reduced clean data
set and the tree build from complete data training
data which is unclean data.

The accuracies on clean and reduced data set Txc
are around 99% for all data set in Table 3 for J48
and CART. Exceptional case is Monks data set,
where we could get around 93% accuracy with
enhancement in accuracy of around 23% and 28%
for J48 and CART respectively. Monks data set has
lower accuracy on 7 hence, there is scope for
enhancement. The data set kr-vs-kp is having around
99% accuracy on 7Ty and hence there is very less
scope for enhancement in classification performance
on the classifiers J48 and CART.

Similarly in case of GATree accuracies on
reduced data sets are 99% on all data sets in table
with exceptional case Mfeat-Factor data, where the
minimum accuracy is 38.80% which is enhanced to

The average enhancement in accuracy for all 24
data set is 9.28%, 8.84%, and 22.07% for J48,
CART and GATree; we get significant enhancement
in accuracy with proposed approach.

In analysis of sample data size or reduced data set
size, we found that data size in terms of number of
training instances gets reduced and required sample
size varies from 25% to 45% for J48, CART and
GATree. Exceptional case is Breast-w on J48 with
70% sample size.

The average percentage sample data set size for
all 24 clean data sets Trc are 38.13%, 39.38% and
30.42% as compared to 72.70%, 74.17% and
33.33% for for unclean data set 7r on J48, CART
and GATree respectively. We could observe very
less deviation in sample size for GATree classifier
from Ty to Ty, the reason is already mentioned in
above section.

The numbers of training instances required are
less for clean data set as compared to unclean data
set. As anomalies are removed the numbers of
instances required for induction are also less. Thus
with proposed approach we get reduced training data
set for induction and upon induction enhanced
classification performance is available.
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Table 3. Effect of cleaning and sampling on data

Sr. Data Set J48 CART GATree

No. Xe Xre AX | SS Xe Xre AX | SS Xe Xre AX | SS
1 Australian | 90.72 | 100.00 | 9.28 | 25 | 91.01 | 100.00 | 8.99 | 25 | 87.97 | 100.00 | 12.03 | 25
2 Breast—-w | 94.85 | 99.15 4.3 70 | 96.42 | 98.01 1.59 | 45 | 94.10 | 100.00 5.9 30
3 German 79.80 | 100.00 | 20.2 | 25 | 85.50 | 100.00 | 14.5 | 25 | 70.20 | 99.64 | 29.44 | 40
4 kr-vs-kp 99.41 | 100.00 | 0.59 | 35 | 99.62 | 100.00 | 0.38 | 40 | 91.05 98.67 7.62 | 25
5 | Mfeat-Fact | 93.50 | 99.66 6.16 | 40 | 93.25 98.93 5.68 | 25 | 38.80 | 83.78 | 4498 | 25
6 Monks 70.16 | 93.33 | 23.17 | 25 | 64.52 | 93.33 | 28.81 | 50 | 70.00 | 100.00 30 25

5. EXPERIMENTS WITH LARGE DATA
SET

The validation of proposed method on big data
was done with test on two big benchmark data sets
namely, Census-income (KDD) and KDDCup99
data set with data set size of 299,000 and 494,020
instances of data respectively. The classifiers used
are J48, CART and GATree. The method of
experimentation on big data has exception that the
data sampling threshold is 5% instead of 25%. The
threshold value for minimum sampling size is 5%
for big data sets because the adequate data samples
are available for training even at lower sampling
percentage with big data set.

5.1. ANALYSIS ON ACCURACY OF THE
TREE AND SIZE OF TRAINING DATA

Table 4 presents a comparison of percentage
sample size, accuracies on clean and unclean data

sets with and without sampling. It also presents the
enhancement in accuracy AX. Here AX is the
absolute difference in accuracy between the tree
build from the cleaned data set and the tree build
from complete data training data which is unclean
data. The classification accuracies obtained on clean
data T¢ are higher, and are around 99% on clean data
set, similar results are obtained clean sampled data
Trc and thus, classification performance of the
proposed method in terms of accuracy is enhanced.

It its observed that the average percentage sample
size is lower on clean data set as compared to
unclean data. Due to filtering of data, outlier data is
removed from data set and as anomalies in data are
removed and the data set size required to build the
model is also reduced. In case of unclean data the
average sample set size around 24% where as for
clean data set it around 13%. Thus, significant
reduction in data set size is achieved using proposed
technique.

Table 4. Comparison on percentage sample size and enhancement in accuracy

- SS

Data Set Classifier Unclean Clean Xe Xru Xc Xre AX
J48 30 10 95.39 95.26 100.00 99.99 4.51
Census- CART 30 10 95.50 95.24 100.00 99.99 4.49
income GATree 25 15 93.70 94.23 99.99 99.99 6.29
J48 25 10 99.96 99.91 99.99 99.98 0.02
KDDCup99 CART 25 10 99.95 99.90 99.99 99.99 0.04
GATree 10 25 88.56 93.67 98.06 98.30 9.74
Average 24.17 13.33 95.51 96.37 99.67 99.71 4.18

Table 5 provides comparison of number of AN = (Nr — Nac)*100/ N (0

instances in 7y and reduced data set Ty, after
cleaning of number of instances in T¢, and reduced
data set Tc.

In this table Ny indicates number of training
instances in T, similarly N¢, Nzy and Npe for T,
Try and Tgc The Table shows percentage reduction
in required training set size AN with proposed
method. It is the difference in number of training
instances in unclean complete data set and cleaned,
reduced data set. Where

As anomalies are removed the required sample
size is also reduced for clean data and the reduction
is around 90%. This is the most significant
achievement with proposed method because the size
of data set is reduced considerably along with
enhanced classification performance; the reduced
data set help to deal with the memory and processor
limitations. Thus reduction in training set size
achieved is significant.
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Table 5. Comparison data reductions and speed up in case unclean and clean large data sets.

Unclean Data Clean Data
Data Set | Classifier At AN
NE (Tr) Nru t(Tru) N¢ t(Te) Nrc t(Tre)

Census J48 299K | 137.84 | 89.7K 17.78 | 224.1K | 19.88 | 224K | 298 | 97.84 | 92.51
CART 299K | 8521.48 | 89.7K | 1440.48 | 224.1K | 1470.23 | 22.4K | 79.24 | 99.07 | 92.51

GATree | 299K | 1593.00 | 74.7K | 352.00 | 224.1K | 252.00 | 33.6K | 32.00 | 97.99 | 88.76

KDDCup J48 494K | 305.70 | 123.5K | 30.67 | 280.0K | 48.17 | 28.0K | 2.20 | 99.28 | 94.33
CART 494K | 1791.00 | 123.5K | 242.22 | 280.0K | 3682 | 28.0K | 23.84 | 98.67 | 94.33

GATree | 494K | 2523.00 | 49.4K | 550.00 | 280.0K | 492.00 | 70.0K | 60.00 | 97.62 | 85.83

5.2. ANALYSIS ON TIME REQUIRED TO
BUILD THE MODEL

In this experimentation with large data sets one
more parameter «time required to build the model»
is added for analysis as it is significant in case of
large data sets. In this analysis #7F) indicate time
required to build model on T, similarly {7¢), (Try)
and #(Tr¢) indicate time required to build model on
Tc, TRUand TRC-

The speedup or percentage reduction in average
time required to build the model At with proposed
method is the difference between average time
required to build the model with all available data
instances 7 and average time required to build the
model on cleaned and reduced data set Tpc. The
percentage of reduction in time required to build the
model is given by

At = (t(tr) — t(trc)) *100 / t(Tr) )

The results are presented in Table 5. Due to
filtering of data, as anomalies in data are removed,
time complexity of tree pruning process O(n(logn)’)
is reduced and thus decision tree learning process is
accelerated. Here it is observed that the time
required to build the model on clean data set is
significantly lower than the time required building
model on unclean data of same size. When we
combine data cleaning and data sampling, time
complexity of tree induction process O(m n log n) is
also reduced due to reduction in n, significant
reduction in time to build the model is observed for
reduced clean data set Txc as compared to complete
data set Trand there is around 98% reduction in time
required to build the model for all cases in Table 5.
Thus significant speedup is achieved with the
proposed method.

6. CONCLUSION

The proposed approach is a combination of
removal of noise from training data and incremental
random sampling. The aim is to evolve decision
trees in order to obtain compact representation of

large data sets. The removal of outlier data improves
the quality of training data. The results with this
combined approach indicate significant
improvements in classification performance along
with data reduction.

The possible reduction in sample size depends on
nature of data set and it cannot be fixed, but with
significant improvement in data quality, significant
reduction in required sample size with reference to
complete data set is observed. The problems like
memory and processor overloading can be handled
due to reduced data set.

Since, noise is removed from training data, the
time required to build the model is also reduced.
Overfitting occurs due to noise in data. For n
training instances with m attributes computational
cost of building tree is O(m n log n), as n is reduced
due to sampling and filtering the corresponding cost
is reduced. Similarly the cost of decision tree
pruning process is O(n(logn)’). Due to data cleaning
operation overfitting can be reduced and the time
complexity of pruning process is reduced
significantly. It is verified that the time required to
build model on clean data is very low as compared
to time required to build the model on unclean data
of same size. The proposed approach improves data
quality and reduces data set size while maintaining
the classification performance and by virtue of
improved data quality and reduced data size the
proposed method gives excellent speedup. In
conclusion with proposed method the size of data set
is reduced, classification accuracy is improved,
speedup is acquired and the problem of limitations
of memory and processor can also be solved.
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Pe3tome: B Oannoii pabome onucvieaemcs mMooenb Oiisl HAXONCOCHUS ONMUMALLHO20 NOBEOCHUs MHO20A2EHMHOT
CMPYKmMypbl yepe3 OpeaHu3ayuio 6 Hell ONMUMAIbHbIX 63aumooeicmeuti mexcdy azenmamu. Moodenws exmouaem 0ge
ocnosuvle mexuuku. Modenv epaghos KoopOuHayuy NO360sem A6HO BbIPAUMb 3AGUCUMOCTL MECOY A2EHMAMU, YMO
no3eonsgem pazoumo yenesyro QYHKYuIo noederuss 8 TUHEUHYI0 CYMMY UHOUBUOVATbHBIX yenesblx @ynkyuil. Moodens
OYEHKU GIUAHUL NO3BOJIAEM OYCHUMb GIUAHUSA OPY2UX A2EHMO08 HA 0elicmaus Opye opyea U Kax pe3yibmam no3eoasiem
UM KOOpOuHUposams ceou Oeticmeus. B pabome npusedena peanuzayus OAHHOU MOOelU HA OCHOBe O00yUeHus ¢
NOOKpenyieHueM u 3KCHePUMEHMATIbHbLE Pe3Ylbmanmbl RPUMEHEHUst OAHHOU MOOEU.

KiroueBble clioBa: MHozoazeHmmubie cucmemvl, obyyeHue ¢ nookpenieHuem, (Q-Learning, obyuenue uepes @rusmue,
epag koopounayuu.

GENERAL MODEL FOR ORGANIZING INTERACTIONS IN MULTI-AGENT
SYSTEMS

Anton Kabysh, Vladimir Golovko

Brest State Technical University
Moskovskaya str. 267, 224017, Brest, Republic of Belarus
www.robotics.bstu.by
e-mail: anton.kabysh@gmail.com, gva@bstu.by

Abstract: In this article we describe a model for finding optimal for learning the behavior of a group of agents in a
collaborative multiagent setting. This model contains a set of scalable techniques that organize behavior of a multi-
agent system. As a basis we use the framework of coordination graphs which exploits the dependencies between agents
to decompose the global payoff function into a sum of local terms. To estimate a quality of interactions between agents
we are using the concepts of the influence value learning paradigm. In last section we present the implementation of the
considered model via reinforcement learning and experimental results of the use of this paradigm.

Keywords: multi-agent system, reinforcement learning, Q-Learning, coordination graph, influences learning.

BBEOEHUE pacmpenerceHHas ONTHUMM3AIUs, pPACIpPEIeTICHHOE
TUTaHMpOBaHuUe 3a1ay4 [2] u apyrue.

TpamumuonHo, MHOT0areHTHas cHcTeMA
COCTOHT M3 COBOKYITHOCTH areHTOB, pa3pabOTaHHBIX
UL KOOTIEpaIli JPYT € APYTOM JJisl TOCTHXKEHHUS

OrpoMHBIM Kjacc 3amad CBOAWUTCS K TEOPHUH
MHOTOAreHTHbIX CHCTEM, TJIE pPaccMaTpUBaIOTCs
CHOCOObI  B3aMMOJCHCTBUS  MEXIY  arcHTaMu.

TumoBble  3amgauu,  peliaeMble B TEOPUHU .
HEKOTOPOH  IeNM. ATeHT TOHUMAeTcs  Kak
MHOTOArc¢HTHBIX, CHUCTEM BKIIOYAIOT B ceOs [1]
. . CYIIIHOCTh, OOJIQJAOMNIAsi COCTOSHUEM, CIOCOOHAs
ABTOMAaTU3WPOBAHHBIN TPEeWIUHT, BEJICHHE

BOCIIPUHUMATH OKPYKAIOLIYI0 CPEy U BHIIOJHATH B
HEH KaKHhe-TO JECUCTBHA.
CBoOIiCTBA U MOBEIEHNE MHOTOAr€HTHON CUCTEMBI

[IEpeTOBOPOB,  yNpaBJIEHHE  HArpy3Kod  CeTH,
opraHu3anusi KOJUIGKTHBA pPOOOTOB-PyTOOIHCTOB,
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3aBHCAT OT CBOWCTB BXOJAAIIMX B HeE areHToB. B

3aBHCHMOCTH  OT  QITOPHUTMa  KOJUJIEKTHBHOTO

[IOBEICHUS MHOTOAreHTHas CHCTeMa BBIJBUTAET

pas3iiMYHbIC Tpe6OBaHI/IH K arearaM, KOTOpPbIC MOTYT

OBITh WCIOJB30BaHBI €I JJIS JTAHHOTO allTOPUTMA.

Hampumep, OONBIIMHCTBO aNTOPUTMOB CTaHOTO

MTOBEIEHUS HE Mpenoaaraet HATAYHUSL

KOMMYHHKAIlHA MEXIy AareHTamH, a ajTOPUTMBI

BEJICHHUS TEPErOBOPOB TPEOYIOT, YTO OBl arcHTHI

ObUTM pa3HBIMU W TIO BO3MOXKHOCTH, ACPKAIU B

CEKpeTe CBOM MOJICIIH.

[IpencraBnenHass B cTaThe MOZETH TaK Ke
MIPEABSBISICT PO TPeOOBaHMWA K areHTam. ATEHT
paccMaTpuBaeTCs Kak akTop [3] — akTHUBHBIN areHr,
CYIIECTBYIOIIUI TapajuieIbHO (M OJHOBPEMEHHO)
JIPYTHM TaKUM K€ areHTaM, B3aUMOJICHCTBYIOIINH C
OPYTHMH TIOCPEIICTBOM CTaHAApPTHOTO TIPOTOKOIIA
BHYTPEHHETO B3auMOJeHCTBUS. J[pyruMu clioBamu,
areHThl JOJDKHBI 00JaJaTh CIOCOOHOCTBIO K
KOMMYHHMKAIlUM, 4  MHOTOAarcHTHas  CHCTEMa
o0ecreunBaTh MapaielbHOCTh PA0OTHI areHTOB.

Crowur OTMETHUTB, 9TO KOMMYHUKAIIUS
rmoApasyMeBaeT OOMEH COOOIICHHWSIMH, B KaKOM
b0 BHIE, a HE BOCHPUATHE JAPYroro areHTa
MOCPECTBOM CEHCOPOB. ATEHT [OJDKeH WMETh
BOCHIPHUSATHE CPEIbl M BOCIPUATHE COOOIICHHI, KaK
HEYTO pazfelieHHoe. Mozaens He chenu(uuupyer
KOHKPETHBI  CIIOCO0  KOMMYHHUKAIIMH — MEXAY
areHTaMu. JTO MOXET OBITh Kak MpsSIMOi OOMEH
COOOIIEHUSIMH, TaK M HCIOJb30BAaHUE CPEAbI, B
KadecTBe IMOCPEAHNKA JUTS TIepeaun COOOIECHIH.

[Ipn oOyueHHMM MHOTOAreHTHBIX CHCTEM JHOO
M300pETArOTCS HOBBIC, THOPHWIHBIC AITOPHUTMEI,
Hanpumep B [4], aubo amanTUpyIOTCA  yXKe
cymectBytomme. Ilpu 3TOM  paspabaTbiBaeTCs
KaKoW-TM0O0 HOBBIA aNTOPUTM, OTIEPUPYIONIHHA yKe
CYIIECTBYIONUMH AITOPUTMAaMU W PETYIHPYIOIINAN
CIoco0 COBMECTHOW pabOTBl JSTHUX aJTOPHUTMOB.
CymectByer 4 OCHOBHBIC MapaguTMbl aanTaiuy
QITOPUTMOB O0YYCHUS K MHOTOAIr€HTHBIM CHCTEMaM
[5]:

e Komangnoe oOyuyenme (feam  learning)
pa3BHUBaeT UACKD, YTO KOMAaHAy areHTOB MOXHO
00ydJaTh Tak, KaK €Ciau OBl 3TO OBLI OJWH arcHT.
DTOT MOAX0 HE TpeOyeT HUKAKUX U3MEHEHHH B

ANTOPUTMAX o0Oy4eHus, HO UMeeT
OTPAaHUYCHHYIO MIPUMEHUMOCTb. [Ipu
YBEIUYCHUU KOJIM4YeCTBa areHTOB,
3KCIIOHEHIUAIBHO pacret u pazmep

MIPOCTPAHCTBA COCTOSIHUI/ICHCTBUN, B KOTOPOM
BEJIETCSI TOKMCK peleHus (mpobieMa MpPOKIISTHS

Pa3MepHOCTH).

e HWuauBuayaiabHoe  obyuyenue  (individual
learning) paccMaTpuBaeT MpUMEHEHNE
WHIMBHIYaJIbHOTO anropuTMa 00yueHuns

KOKIOMY areHTy, UTHOPHPYS IOMOTHUTEIbHBIC

JNAHHBIE OT Jpyrux areHToB. llpobGmemoit
JAHHOTO  TIOAXOAa  SBISIETCs  TO,  9TO
COBOKYITHOCTh ONTHUMAJBHBIX HHIUBHUIYAITbHBIX
CTpaTeruii HE O00S3aTENbHO  MpPEJCTaBIAET
ONTHUMAIBHYIO KOMAHIHYIO CTPATETHIO.

o CoBMmecTHOe 00y4deHme (joint action learning)
¢dokycupyercs  Ha  OOyYeHUM  JIyYIIUM
JNEHCTBUSIM B OTBET Ha JEHCTBHA JPYTHX
areHToB. Kaxmprii areHT 00y4JaeTcs BBITIOTHATH

HaWTy4IIne necTBus B KOHTEKCTE
00bEMHEHHBIX JCWCTBUH JPYTrUX areHTOB.
Orot MOIX0J MO3BOJISIET MIOCTPOUTH

ONTHMAIBHYIO KOJUIEKTUBHYIO CTPaTernro, HO
o0jamaeTr TeM JK€ TPOKIATEEM pPa3MEPHOCTH,
YTO U KOMaHIHOE 00yUYeHHE.

o QOOyuenue wuepe3 Bausinue (influence-value
learning) ocHOBaHO Ha wuAee W3IMCHEHUS
MOBEICHUSI areHTa TOJ| BIMSHHUEM MHEHUS
Ipyrux areHtoB. JlaHHBIH moaxonm Oeper Ha
BOOpPY>KEHHE  MHOXKECTBEHHBIE  COIIMAJbHBIE
(haKTOpHI W WCIIONB3YET X B KaUECTBE IBPHUCTHUK
JUIsI  KOHKpPETM3allUM  OTHOUICHWM  BHYTpPH
MHOTOareHTHON CHCTEMBI.

B  namsHOli  paGote OymeTr paccMoTpeHa
0000meHHas, amanTHBHAs MOJENbh OpPTaHMW3alNN
B3aUMOJICUCTBUI BHYTPU MHOTOAr€éHTHOW CHCTEMBI
HAa OCHOBE OOyuYeHHS uepe3 BIUSHHE A
dbopMupoBaHUS B HEH  IIEJICHANPABICHHOTO
MOBEICHUS ITOCPEACTBOM HaXO0XKIIEHUS
ONTUMAJIBHBIX B3aUMOJCUCTBUA MEXIYy AareHTaMHu.
Ilog oXumaemMplM TIOBEICHHEM MHOTOAreHTHOMN
CHUCTEMBI TMOHUMAETCS COBOKYITHOEC IIOBEACHHE
BXOJSIIUX B HEE€ areHTOB, KOTOPOE MOXHO OIICHUTH
KaKk OJHO Ieloe, TNPHUBOIAIICE K JIOCTIKEHHUIO
HekoTopo# nenu. IlpumepamMu Takux 1ened MoryT
OBITH OopMHpOBaHHWE M ToIAepkaHue (Gopmarumy,
KOJUICKTUBHOE  yIpPaBICHWE  HATPy3KOH WM
pecypcaMu,  TOCTPOCHHME  LEJIOCTHOM  KapThl
OKpPYKaroIlero NpoCcTpaHCTBa U JIp.

Monens obnagaeT caeayomUMHA CBOHCTBAMH:

e JlaHHas MoJeNnb SBISETCS OOOOIIEHHOW, T.€. OH
HE HAKJIaIpIBaeT HHUKAKWX IEPBOHAYAITBHBIX
TpebOBaHMA K areHraMm, KpOMe CIIOCOOHOCTH
MOJIy4aTh W OTHPAaBIATh COOOILICHUS JPYyTUM

arcHTaM.
e Mogenp sBIsieTCS aJalTUBHOW B TOM, YTO OHA
MIO3BOJIAET HU3MEHHUTh CTPYKTYpY
MHOTOareHTHOM  CHCTEMBl M  IIOBEICHUE

BXOISIINX B HeE areHTOB, €Cld H3MEHWIACh
neseBast GyHKIUS TOBEICHUSI.
e Mogens (okycupyercs Ha ONpeAeNeHHH TeX

OIITHUMAJIbHBIX B3aHMO,E[CfICTBHI>i MCKOY
areHTaMm, KOTOPBLIC TMPUBOAAT K PCHICHUIO
IIOCTaBJICHHOH 3aauu, COXpaHAA  aCICKThI

WHIUBUTY ATLHOTO 0OyICHWS.
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1. MOOEJIb OPFAHU3ALIUN
KOJINEKTUBHOI'O MOBEAEHUA

KimroueBoii KoHIENIIMEH SABISCTCS ITOHSITHE
B3aNMMO/JeiiCTBUS WIN BJIUSIHUSA MEXK]Yy areHTaMH.
B peasbHOM Mupe, npu B3aUMOACHCTBHM JIIOACH
JIpyr C JpyroMm, Bce JEUCTBUS OTAEIBHOIO
MHJIVBHA OLICHHUBAIOTCSA, KAK U UM CaMHM, TaK U
JIPYTUMH JIOJBMH B pa3pes3e MOJydaeMOro OIIBITA.
IIpumepamMu TakuxX OILIEHOK SBISIOTCS OXHUIAAHUS

MOXBajdbl WM HaKa3aHWs [0 WIM  [OCJE
COBEPILIEHHOTO JAEHCTBUA.
Bcee areHThl, B KOJIa0OpaTHBHOM

MHOTOAareHTHOM CHCTEME MOTYT MOTEHIUAIBHO
BIMSITH ApYT Ha apyra. [lon BaussHuem (influence)
[IOHMMAETCS]  OLEHKAa  JPYI'MMH  areHTamu,
HampaBlieHHas Ha TeKyllero areHra. Jlpyrue
arcHThbl MOT'YT OLICHUBATH MOBCACHUC arcHTa u €ro
peryupoBaTh, C TOH IENBIO, YTOOBI IEHCTBUSA,
BBIOpaHHbBIE WHAWBUIY aJIbHBIM areHTOM,
COOTBETCTBOBAJIN OIITUMAJIBHBIM pemiCcHuAM
rpynmnsl B nenom. JIro0oi areHT, WHUIUUPYIOIIAN
BIUSHHE Ha  JAPYroro AareHra  Ha3bIBaeTCs
omnpagumenem. ATeHT, IPUHUMAIOIIUIN BIUSHAC U
Kak-TO Ha HETr0 pearupymomuil Ha3bIBaeTcs
noxyuamenem.

Kaxnaprii areHT i BBIOMpaeT WHAWBUIYTHHOE

JIeHCTBUE, d.

; U3 MHOxecTBa A,

HaxoasaCh B

HEKOTOPOM COCTOSHMM. 3HAUEHHE BIMSHUS MEXIY
areHToOM i U rpynnoi u3 N areHToB OTHOCUTEJIBHO
BBIOPAaHHOTO AareHTOM [JEHCTBUS OIpeAessieTCs
cnenyrouieit popmyioii [5]:

L= B,()*0p,) (1)

J=Li#j

rae f[;(j) — xodbduiueHT BIMsHUS areHTa j Ha
arenra i (0<B<1), Op;(i)— xodbdunuent

OIICHKH areHTOM j JIECTBUS areHra i.
Koadpounuent snusHus P ompenemnsier, OynaeT

WK HeT, OylIeT JM areHT IMOABEPKEH BIHSIHHUIO

IpyTUX areHToB. Tak, eciu B OymeT CTpeMHTHCS K

HyJII0, TO areHT NPEeANodYTeT  JCHCTBOBATH
UHANBUAYyadbHO. Op — 3TO OLEHKa JpYTUMHU
areHTaMM JIeHCTBHA  BBIIOJHAEMOIO TEKYIIUM
areHTOM.

Puc.l. mokaspiBaeT npuMep (OPMHUPOBAHHS

BIIMSIHUSL areHTOM j TIOCiIe BBIOOpa areHToM |
JEUCTBUS.

ATeHT j cooGmaeT oueHKy I
areHTy i

TeKyu{ee COCTOAHHE S!-

©

Bosmoaste meficrent A;

(a) (b)
Puc. 1 — IIpumep Moaeau BIMSIHMIA. (2) — AreHT I

BBIOMpaeT AeiicTBue. BoIOpaB neficTBue areHT j
CO00LINII CBOIO OLIEHKY I c)OPMHPOBAB BJIMSIHHE

Bribpantoe feHcTEHE A;

MHoroareHTHas cucremMa bopmupyet
pe3ynbTUpyloliee o0benuHEHHOE naehcTBUE (joint
action) a=1{a,,a,,..,ay}. IIpob6nema
KoopOuHayuu [6] TIOBECHUS COCTOUT B TOM, YTO OBI

HANTH TaKOe ONTHMAaJIbHOC 06L6HI/IH€HHOC ,Z[eﬁCTBPIe

a*, KOTOpoe  MaKCUMHU3MPYET  IIOJE3HOCTD
00BeIMHEHHOTO necTBUS KOJUIEKTUBHOTO
[MOBEICHUS CHUCTEMBI u(a), 4TO

a*=argmax , u(a).

B OonpmmHCTBE peanbHBIX MpOOIeM, NESHCTBUS
OJTHOTO areHTa 3aBUCST JIUIIb OT HEOOIBIIOTO YKcia
IpyTHUX arcHTOB. Hamnpumep, B 3amaue
KOJUICKTUBHOTO CcOOpa pecypcoB, areHThl MOTYT
KOOPJIIMHUPOBATb CBOU  JCHCTBUS  TOJBKO C
cocenssMHu. Jlis  SIBHOTO  OTCIEKHUBAHUS TaKUX
3aBUCUMOCTEH  MpeulokeHa Monaenb  rpagos
koopauHanuu (coordination graphs, (CQ)) [7].

[lyckait, nelicTBUSl areHTa I 3aBHUCAT TOJIBKO OT

HEKOTOPOTO  MOJMHOKECTBA  JPYIWX  AreHTOB,
jeM(3i). Torna, LeseBas byHKIHsA
MHOI'OAreHTHOM  cucTeMbl  u(@) MOKET  OBITh

pa30uTta Ha JMHEHHYI0 KOMOWHAIIMIO JIOKAJIBHBIX
eJIeBBIX (DYHKIUH 10 CIEAYoIen Gopmye:

u(a) = Zf, (sub,) 2)

sub.

1
NeUCTBUI a, COOTBETCTBYIOLIEE  ACHCTBHUIM
areHTOB j € M (i) OT KOTOpBIX 3aBHCHT areHr i .

rae IIOJAMHOKECTBO BCETO MHOXECTBaA

Takum o0pasom, riio0anbpHas npobiema
KOOpAWHAIIMM  3aMEHEHAa  Ha  COBOKYITHOCTh
JIOKAJBHBIX MPOOJIEM KOOPAWHAIIMHK, KaXaas W3
KOTOPBIX BKJIFOUAET MAJIO€ ITOIMHOKECTBO ar€HTOB.

3aBUCHMOCTh MEXKJy arcHTaMd MOXET OBITh
oTpaxxeHa B BuAe Tpada KOOpAMHAIMH, TIAC
BEPIIMHBI COOTBETCTBYIOT —arcHTam, a peopa
CBSI3BIBAIOT 3aBUCHMBIX areHTOB, KOTOPBIC O0sI3aHbI
KOOpDAMHHUPOBAaTh CBOW jeiictBus. [lo pebpam
3aBUCHUMOCTEH  areHThl  MOTYT  OOMCHHBATHCS
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COOOMICHMSMH, a caMH pedpa CHerupHUIIIPOBaTh
KOHKPETHBII MPOTOKOJ OOIIEHHUS MEXIy areHTaMH.
[Ipumep rpada koopauHAIMK U300paKeH Ha puC. 2.

(a) (b)

Puc. 2 — Ilpumep rpada xoopauHanum 1Jisi BOCbMH
areHToB /10 (a) u nocJue (b) nekoMno3uuUu
3aBHCHMOCTEH; Ka:Ka0e pedpo npeacTaBJisieT
3aBMCUMOCTH KOOPAWHALMU

B nmanHOM paszzene He ObUTH CrieNU(HUIUPOBAHEI
CJIEYIOIME OCHOBHBIE ITyHKTHI:
e Kak mpoucxomur pacyer  koaddummenta

Op (i) Mexny arentamu

e Kak mpoucxXoguT TmepepacueT COCTABIISIONINX
¢dopmysl (1) c TeueHHEM BpEMEHH.
e Kak areHT wu3MeHAET CBOE IOBEACHHE TMOJ

BO3/ICMCTBUEM BJIUSHUM OT IPYTUX areHTOB.

e Kak areHT oueHHBaeT BIMSIHNE, OKa3bIBAEMOE Ha

HEro APYTHUMHU arcHTaMH.

e KakoB anroputM HaxOXACHHUS ONTHMAIBHBIX
3aBHCUMOCTEH B MHOTOAareHTHOH CHCTEME.

OTH MYHKTHl CHEUUAIBHO OBUIM OCTaBJICHBI
OTKPBITBIMH TSI MaKCUMaJbHOW OO0OOIIEHHOCTH
ITOPUTMa MOJ KOHKPETHYIO 3a7a4y U alTOPUTM.

Hampumep, B pabGore [5] xoaddumnmeHt
Op, (i) yBenuuuBascsi, €ciu areHT j BbIIONHAI

JICHACTBHE C MEHBIIEH LEHHOCTHIO, YEM areHT I, U
Ha00OpOT, YMEHBIIAJNCS, ©CIIH areHT j BBIIOIHSII
Oojiee BBITOJHOE JeWcTBHE. DJTO OTpakaeT ¢akT
TOTO0, YTO JIIOJU AYyMAaroT XOPOIIO O TeX NEUCTBUSX,
KOTOpBIC TMPHUHOCAT APYruM Oonbine mpuObun. B
CIENYIOLWIEM pa3leie MPeACTaBICHA peaTu3alus
JJAHHOW MOJIETd Ha OCHOBE TMOJAKPEIUISIONIETO
oOyueHusl.

Chopmynupyem 3agauy OpraHu3aluuu
MHOTOAreHTHOW CHCTEMBI CIIECAYIOIINM 00pa3oM:

e Ilycts, umeercs N areHToB, KaxAbld HX
KOTOpI)IX MOXET BBIIIOJIHATH HeKOTOpre
JneicTBus  (areHThl  MOTYT  OBITh  Kak
TeTepOTeHHBIMH, TAK U TOMOTCHHBIMH). ATEHTHI
AMEIOT HEKOTOpOE HAYaJIbHOE COCTOSHHE.
ATeHTBI  OOBCIMHCHBI B  MHOTOAreHTHYIO
CUCTEMY, o0ecrneunBaronyro X

mapauI€IbHOCTE U KOMMYHHUKAIIUIO.
L4 HyCTL HUMECTCA HEKOTOpas MH3BECTHAA ICJIb,

JIOCTHKEHHE KOTOPOW OJHHM areHToM Jn0o
HEBO3MOXKHO,  JUOO  HEdI(P(PEKTUBHO  TIO
CPaBHCHUI0O C MHOTOAreHTHBIM  IOJXOJIOM.
ATeHT, WM MHOTOareHTHas CHCTeMa MOXKET
Y3HaTh, JOCTUI'HYyTa LECJIb WX HET.

e TpeOyercs ompeAcauTh TaKoe IMOBEICHUE
areHTOB, KOTOPOE TMPHUBOJIUT K JOCTHIKECHHUIO
[eNd ONTUMAlbHBIM 00pa3oM. B  wyacTHBIX
CITyJasx, JaHHAs 3ajada y)Ke MOXKET perratbcs
Pa3TUIHBIMU criocobamu [1], 0e3
KOMMYHUKAIIUU MEXKIY areHTaMH.

e (C ydYeroM KOMMYHHKAIIMH MEXAy areHTaMu
TpeOyercs OTIpENIEINTh OTITHMAaJIbHBIE
B3aUMOJICUCTBUSL MEXAY HHUMH, MPUBOJAILINE K
KOJUICKTUBHOMY PEIICHHUIO 33]1a4u.

e HeobOxoaumo JICKOMITO3UPOBATh rpad
KOOpAWHAIIUY, TPU YCIOBHUHU, YTO HE HMEETCs
anpUOpPHON HWHGpOpPMAIMK O B3aUMOJEHCTBUX
MEX]ly areHTaMH, WU OHA OTPaHUYCHHA.
Pemenne mocTaBieHHOW 3aqadd  BBITOJIHSAETCS

MOCPECTBOM JIBYX TMPOIECCOB, KOTOPBIE MOTYT

BBIIIOJIHATHCA Kak IIOCJICA0BATCIIBHO, TakK u

MapaiebHO, B 3aBHCHUMOCTH OT HCIIOJIb3YEMbIX

aITOPUTMOB:

e OrmpezaeneHne ONTHMAIBLHON CTPYKTYpHI Tpada
KOoOpaAHauu MHOTOareHTHOM CHCTCEMBI C
LENBIO IEKOMIIO3UIIUU TIPOCTPAHCTBA PEIICHUM.

e OnpeneneHue ONTUMAIBHBIX B3aUMOJCHCTBUI
MEXIy areHTaMd T[OPOXIAeT ONTHMalbHOe
MOBEICHHE.

2. OBYYEHME C NOAKPEMNNEHNEM
AnA HAXOXAOEHUA ONTUMANIbHOU
CTPYKTYPbl B3BAUMOOENCTBUN

OC0OEHHOCTBIO TOCTaBICHHON 3aa4yil SBISIETCS
JTIMHAMUYECKOE oTpeieTICHIe ONTUMAJIbHBIX
BIUSHUA MEXKIy areHTaMd U Tpada KOOpIUHAIINU.
Jns  pgoctmkeHMss — 3TOM  menmuw  TpeOyercs
UTCPATUBHBIA TIPOIIECC HACTPOUKH CTPYKTYpPHI
MHOTOAareHTHOM CUCTEMBHI. 3a BpeMs
(YHKIIMOHUPOBAHUSI ~ MHOTOAreHTHOM  CHCTEMBI
MOXXHO OICHHUTH pPAa3HBIC BSaHMOHeﬁCTBHH MEXKOY
arcHTaMu, NPUBOASIIUMH K PCEHICHUIO 337adu W

YCUJIUTH KOHCTPYKTUBHBIE u ocnabutp
JIeCTpyKTUBHbIE. Eciau B3auMOJENHCTBUE MEXKIY
areHTaMu HE  SBISETCS  HEOOXOAMMBIM  TO,

CIEN0BATEIbHO, KOOPAWHALIMS MEXIY HUMH MOXKET
HE BBHINONHATECA W 3aBUCUMOCTH Ha Tpade
KOOPJIMHAIIUN MOKET OBITh yCTpaHEHa.

B kauecTBe uTEpaTHBHOrO MpoLEcCa OLEHKH U

¢dbopMupOoBaHU CTPYKTYPBI MHOT'0ar€éHTHOU
CUCTeMbl B OoJbpIIMHCTBE paboT [1] BeICTymaer
o0ydyeHne ¢ moakpemnjiennem (Reinforcement

Learning, (RL)) [9].
KiroueBoli 0COOEHHOCTBLIO JAaHHOIO METOa
SIBIIIETCSI TO, YTO OH SBJIIETCS AKTUBHBIM METOIOM
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0o0yJeHMs, HalpaBJICHHBIM Ha B3aWMOJICHCTBHE CO
cpemoili W ¢ JOPYyrMMH areHTaMd B Cllydae
MHOTOAareHTHOM  CHCTEMEI. B  knaccuueckoii
TPaKTOBKe, OOydYeHHEe C TIOJKPEINICHHeM — JTO
HaXOXKJICHUE ONTHMAaJbHOIO IIOBEJIECHUS areHTa
MeToAoM mpod u  omMOOK  4Yepe3  ero
B3anMOjelcTBUe co cpenoil. B manHo#t pabote, 1o
OTHOIICHUIO K MHOTOAar€HTHOM CHCTEeMe, 0OYICHHE C
MOJKPEIJICHUEM — 3TO HAaXOXKICHHE ONTHMAaIbHOM
CTPYKTYPBI CHUCTEMBI METOJIOM IMpo0 ¥ OMHOOK
yepe3 B3aUMOJICHCTBHUS areHTOB.

Mounens 00yueHms c MOJIKPETICHUEM
dbopmymupyercs creayrommuM o0pa3oM. ATEHT I

BbIOMpaeT neiictBue a,(f), W3 MHOKecTBa A,

HAXo[sCh B cocTosiHHU S, (7). Ilocie BBIMOIHEHUS

JNEHUCTBUSI ~ areHT TMEpeXOJuT B  CIEIyIOoIIee

cocrosiHue S, (¢ +1) u momydaer u3 BHEIIHEH Cpeibl

YHCI0BOE 3HaUeHUe Harpans! 7;(f +1) sBistomeecs

OLIEHKOM BBIMOJIHEHHOTO JIEHCTBUS U COBEPILIEHHOTO
M3MEHeHUs: cocTosius. B cocrostHum 8, (f +1)

areHT BBIOMPAET M BBIMOJHSET CIEAyOIIee JeHCTBHE
a,;(t +1). PazHuna Mexy LEHHOCTBIO CICAYIOLIETO

COCTOSIHMS C YYE€TOM Harpajbl © IIEHHOCTHIO
TEKYIIEr0  COCTOSHHUS  Ha3blBaCTCSd  OIIMOKOW
BpeMeHHOii pa3HocTH (temporal-difference error).
IlocnenoBaTenbHOCTh  M3MEHEHUH  COCTOSIHHUSA
areAra u300pakeHa Ha puc. 3 B Buae rpada
nepexoaoB (transition graph). BepmuHamu rpada
[IEPEXO0/IOB SIBIISIOTCS COCTOSHUS areHTa, a pedpaMu
OTMEYAIOTCS BBIOpAHHBIC JCHCTBHS M TIEPEXOIbI
MEXJIy COCTOSIHUSMH BMECTE C aCCOLIMMPOBAHHOM C
Mepexo/IoM 3Ha4YCeHUEM Harpanbl. [mobampHOE, Bes
cpeda B KOTOpPOHM JEHCTBYET areHT OIUCHIBAETCS B
BHJIec MapKOBCKOTO MPOIecca MPUHSITHS PEIICHUIMA.

Q(s(t), a(t))

Q(s(t+1), a(t+1))

t

Puc. 3 - I'pad nepexonos arenra. M300paken nepexox
areHTa U3 cocTosinus s(t) B cocrosinme s(t+1)

C mo06oil mapoii cocrosiHue-zacicTBre (S,a)

O(s,a),
0003HaYAIONIEe MONE3HOCTh BBINOIHEHHUS JEHCTBUS
a B cocrosuuu 5. 3uauenus  Q(s,a)

aCCOUMUPOBAHO  3HAUCHHUC HCHHOCTU

O-byukuuein  wu
Heu3BeCTHBI. [lenb 00ydeHus: — anmpOKCHMHUPOBATH
WCTHHHBIC 3HAYeHUsI OUeHOK (J- (QYHKIHH mMyTem

PaCcCUUTBIBAIOTCA 3apaHee

MOCIIEIOBATENBPHOTO  MOCeIleHuss map (S,d) W

MOJyYeHHs] ACCOIMMPOBAHHBIX C HUMHU HArpajsl 7
HCIIONIb3ysl 3HAYEHUE HArpajibl B KadecTBe (hakropa
M3MEHSIONIETO  [EHHOCTh  cocTostHusA.  Croco6
OTOOpaKEHUSI COCTOAHUS S HA ACCOLMMUPOBAHHOE C
HHUM JICHCTBHEC d HA3bIBACTCs MOJUTHKOU 77(S,a).

CrnenoBaTenbHO, 3ajayda o0yueHust c
MOJKPEIUIGHHEM  CBOIMTCS K HaXOXKICHHIO
OINITHMAJILHOM TIOJIMTHKH, KOTOpas Ha KayKIOM Ilare
BBIOMPAET ONTHMAJIbHBIC MEHCTBHUS, BeXyIIHE K
MaKCHUMaJbHOM CyMMapHOH Harpajae B OyIymieM.
CaMBIM TOITYJISIPHBIM aJTOPUTMOM OOYYEHHS C
noakperieHnem  sBiusiercss O -learning 9],

OOHOBIIAIOMMI 3HAa4eHHd (QYHKIUM LEHHOCTH Ha
Kaxaoi urepamuu 1o Gopmyiie (3):

Q(s(2),a(1)) = O(s(1),a(t)) + afr(t +1)
+ymax, , O(s(t +1),az+1)) (3)
= O(s(1),a(1))]

rie B KBaJpaTHBIX CKOOKax [.] paccuuThiBaercs
ommOKa BPEMEHHOW Pa3HOCTH, O — IMar OOyYeHHS
(O<a<l), ay — koddpdumment obecreHNBaHUSA

(0 < ¥ £1) oTnaneHHBIX [EHHOCTEHH.

W3 anroputma BHIHO, 4YTO MOCIEIYIOIIUE
3HAYCHHS IICHHOCTECH BIMSIOT HA MPEABIAYIINC
3HaueHus. CremoBaTeNbHO, B MOMEHT BpEMEHH
t(t+1) MOryT OBITH OOHOBIICHBI 3HAYEHUS IICHHOCTEH
BCEX Map COCTOSIHAE JICHCTBUE KOTOPBIC, MPHUBEIN
areHTa K  TEKylleMy  COCTOsHHWI0.  Takas
MOCIIE/IOBATEILHOCTh  MMap COCTOSIHHE —JICHCTBHE
Ha3bIBACTCA CjaelaMu mpeeMcTBeHHOCTH (eligibility
traces). MoauduipoBaHHas BepCcHs alTrOpUTMa

HasbiBaeTcs Watkins-Q( A ) [9].

[MockonbKy Ha HadalbHOM 3Tame OOYYCHHUS HE
M3BECTHO, KaKME B3aMMOACHCTBUSA MEKIY arcHTaMu
SIBJISIFOTCSL ONTHMANIBHBIMU, a Kakue HET, ACHCTBHS
BEIOMPAIOTCS CIy4aiiHO, METOAOM MpPOo0 W ONIMOOK
(daza uccnenoBanwust). B koHIle 00y4YeHHS UCTUHHBIE
3HAYCHHS LIEHHOCTH AalMPOKCUMHPOBAHBI, U arcHT
HCIOJIB3YET UX KaK PyKOBOJCTBO IS ONITUMAIBHOIO
noBeneHus ((aza HCIONB30BaHUS) BO BHEIIHEH
cpelie B KOHTEKCTE APYTUX areHTOB.

3. NOUCK OMNTUMAIIbHbIX KOMAHA B
MHOIOArEHTHOWU CUCTEME

B pazmene 1 ObUIO BBEACHO TOHSATUE BIUSHUS
KaK KOHTEKCTa OLICHOK CO3JaBacMOro JpyruMH
areHTaMM IO OTHOLIEHHUIO IiesieBoMmy. Paccmorpum
YaCTHBIM Cily4yaid MOJEIW BIUSHUM, TAE BIUSHHE
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BBICTYIAET B BHUJE YAaCTHOI'O ciydyas — AaKTUBHOH
KOMaH/IbI.

B ornmmume ot BnmsHUA, komaHaa — 310 (1)
AKTUBHOE COOOIIEHHE OT OTIPABHUTENS K KIWEHTY,
CIOCOOHOE M3MEHUTH €T0 COCTOSIHUE, MPUHATOS WIIH
MIPOUTHOPUPOBAHHOE, a TakK e (2) OLleHKa 3TOro
coobmieHust. Ecnu BIUsIHEE TPUHATO, TO OHO MOXKET
W3MEHUTh TEKYIIEE COCTOSIHUE areHTa WM €ro
nociueaywomue aectBud. Eciau  BiMsHUE — He
MIPUHSTO, TO OHO BO3BpAaLIaeTCs c
COOTBETCTBYIOIIEH TOMETKON U OTIIPABUTENIb MOXKET
OTMETHUTH JIAHHOE BIMSHHE KaK HEKOHCTPYKTHBHOE
au00 He BAMSIOLICE Ha MOTydaTes.

KoncTpykTHBHOCTD KOMAaH/IbI - 3TO
XapaKTEPUCTHKA, OLICHUBAIONIAsl LIEHHOCTh JTaHHOTO
BIMSHUA TIO OTHOLICHUIO K 3a7ade peraeMoit
MHOT'OareHTHOU CHUCTEMOII. KonctpykTuBHBIE
BIMSHHAS  HUMEIOT  IOJIOKUTEIBHYI0  OLEHKY
MOJIE3HOCTH, C HEKOTOPBIMH OTPAaHWYEHHUSMH, B
paMKax KOTOPBIX 3Ta MOJE3HOCTh COXPAHSIETCS.

IlonyuaTenp MOKET MPOUTHOPUPOBATH BIIHSHHE
nub0 BBHAY TOTO, 4YTO OTIPAaBUTENh HE HMEET
JIOCTaTOYHO Beca C TOUKH 3PCHUS MOIydaTelis, UiIu
noyxy4yaTeib BBITNIOJIHAET COOCTBEHHBIE
«3TOUCTUYHBIE» JEHUCTBUSA, BEIyIIHE €ro K LENH U
HEYyBCTBUTENEH K KOMaH/aM.

PaccmoTrpum mpumep aByx areHtoB I u j. OGa
arecHTa B MOMEHT BpeMEHM [ HaxoJiITCs B
HEKOTOPBIX COCTOSIHUAX W TOTOBBI  BBIOpAaTh
JeficTBHE Ui Nepexojia B CIEAYIOIIee COCTOSHHE.
[lyckaii, areHT i MOXET TOBJIHATH Ha arcHTa j,
yKa3aB Kakoe €My JCHCTBHE €My BBHITIOJHUTS.
[ToceumaeMyr0 KOMaHAy MOXHO TPaKTOBaTh Kak

BBIOOp areHToM [ HeKoToporo neiicteus a,(t),

KOTOpPOE, HE MEepPEBOAUT €ro B HOBOE COCTOSHHE
s,(¢+1). Arenr j nmpuHEMaeT KOMaHIy B KaueCTBe

yKa3aHus U BBITONHSET yKasaHHoe nedicTue, @ (7)
nepexosii B HOBOe cocTosnue s (f+1) u momyyas

Harpajly 3a BblloNHenue aeicreus 7; (¢ +1).

s{t)

a(t) at)
Puc. 4 — JluarpamMma nepexoa0B 1JIsi AT€HTOB | H .

ATEHT | MHHUIIMMPYET KOMAaH/IY HAa/l aT€HTOM |

MOXET
nepexoaa

ITocne rnepexona,
CKOPPEKTHPOBATH

O(s, (1),,(1))

BBINIOJIHUTH OLCHKY KOMAaHJBI.

areHT J
LIEHHOCTb

mo dopmyne (3),
B mpocreiimem

a TaK XK€

ciydae mpearnosnaraeMm, 4ro koddouument L (j)

pasen 1. 3uauenne Op, (i) CONEPKUT OUEHKY

areHTOM [ JeWcTBHsI areHTa j. [IpumepoM OlLEHKH
ABIIAIOTCS KaUYECTBEHHBIE IOKA3aTENIU CICIYIOIIECrO
COCTOSTHHS ri(t+1) m

arelHra j: Harpazga

oGHoBrennoe 3nauenue nennoctu Q'(s; (¢1),a;(1)).

DTH MOKa3aTelld NePelaoTcsl B Ka4yecTBe 00paTHOM
CBs3U arcHTy i, KOTOprﬁ MOXET HUCIIOJIb30BaTh HUX
1JIsi OOHOBJICHUS 3HAYEHUSI IIEHHOCTH KOMaH/IbL.
Ecnu o6parHas CBA3b MOCTOSHHO OTPHIATENbHA,
0(s,(?),a;(t)) mnanaer.
TakuM 00pasoM, BBIMOJHAS Pa3Hble KOMAHJBI HaJl
areHTOM j W MOJiyyas OOpAaTHYIO CBS3b, areHT I
00y4aeTcsi ONTHMAIBHOMY YIPABICHHUIO HAJ HUM,
dbopMupysi IMana3oH COCTOSHHH, P KOTOPOM
COXPAHAETCS KOHCTPYKTUBHOCTH KOMAHIbI.

TO HTEHHOCTh KOMaHIbI

— Qs (1), (1)
at) @(l)
o« I'J(H'l}
"iﬂﬂ):sﬁwlsj{:ﬂi‘;mﬂ] $en
/N — Qs (t+1), & (t+1))
, ‘\ () bl |
o d@®e
aft+1) _

Puc. 5 — J/luarpamma nepexoaoB /151 ATEHTOB i M |.
IpononkeHne. ATeHT | BLIMOJIHIIT KOMAaHY,
COBEpIINJ Nepexo, 00HOBHJI 3HAYEHHE IEHHOCTH U
BEPHYJI 00PATHYIO CBSI3b ATEHTY |

MoaudunupoBansas Qopmyina, Uil areHTa i
OOHOBJIAIONIAs ILIEHHOCTh KOMAaHIBI IO OLEHKE,
MOJYYEHHOH OT areHTa j UMEET CICIYIOUIHIA BUI:

AQ(s,;(1),a,(1)) = a(Op, (i) - O(s;(t),a,(2)  (4)
Op,(i))=r,(t+ 1)+ 0, (s, (t +1),a,(t+1) (5)
O;(s;(t+1),a,(t+1)) =

argmax, _, O(s; (t+1D,a;(t+1)

Ecnu areHTl HE HMMEIOT KOHCTPYKTHBHBIX
OTHOIIIEHUN JpYyr C JAPYroM, TO 3aBUCUMOCTb B
MOBEJICHUM MEXIYy 3TUMU areHTaMu He SBISETCS
HeOOXOOMMOH, 4YTO BeOeT K  €eCTECTBEHHOH
JIEKOMITO3UIINY Tpada KOOPIUHAIINH.

B sTOoM mpuMepe areHT I HE MOT BBINOJHHUTH
OJHOBPEMEHHO  KOMaHIy U  JAEWCTBHE, T.K.
BBITIOJTHEHHE KOMAaH/IbI TPaKTOBAJIOCh Kak
OTAeNIbHOE AeHcTBHEe. B 3aBHUCHMMOCTH OT MOACIH
MHOT'OAar€HTHOH CHUCTEMBbI, areHThl MOTYT BECTH
MeperoBOpbl U CMENINBATh KOMaHJIbl U JEUCTBUA B
OJVH TaKT BPEMEHHU.
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4. OKCNEPUMEHTAIJIbHbBIE
PE3YJIbTATbI

s ommcanus rpada KoopawWHAIMH, Tpada
nepexoqoB M Tpada MapKOBCKHX IpPOIECCOB
NPUHATHA pelIeHuil Obl1 pa3paboraHa OuOIMOTEKA
MonenpoBanus Ha rpadax [10] mpemHazHaueHHas
UIA  337ad  pOOOTOTEXHHUKH H MHOTOAreHTHOTO
MOJETUPOBaHMUSL.

OnucaHHbli B raBe 1 moaxon mpUMEHsUICS A
3amagu GOPMHUPOBAHUS M TOAIEPKaHus (popmaruu
3a/1aHHOH (hOPMBI Ha MOJIEIBHBIX arenTtax [11].

OnucanHas B TIJlaBe 3 ajanTanuss Ha OCHOBE
KOMaHJ, NPHUMEHSUIaCh B 3aJade MOAEIMPOBAHUS
MHOTO3BEHHOTO  pobora  obnajmaromero  5-1
creneHsiMu cBoboasl [12]. Cpena MoaenupoBaHus 1
MHOTOareHTHasi CHUCTEMa, HMUTHpYIoas poOoTa,
n3o0pakeHa Ha puc. 6.

(a) (b) (c)

Puc. 6 — MoaennpoBaHue MHOT03BEHHOI0 «podoTa-
MaHHMIyJsTOpay». (a) HayaabsHoe nmojo:xenne. (b)
OnTHMa/IbHAS NOC/IEI0BATEIBLHOCTh KOMAH
HaiijgeHa. (¢) «OpraHu3aluOHHBIH Xa0c»

Kaxnapiii cermMeHT, Kpome TOCIEAHEro MOT
KOMaHOIaMHu U3MCHATH IIOJIOKCHHEC BCEX
MOCIEIYIONINX CErMEHTOB. MTOroBoe paccTosHUE
IO TIIeMH  ONpEeAeNsUIOCh TMOCNe  BEHITIOJTHEHUS
JIEUCTBUI BCEMH CerMEHTaMH. Iensio
JKCIIEpUMEHTa 00yUeHUe poOOTa JOCTHKESHHUIO EIH
IyTeM €ro CaMOOpPTaHM3alUU TIOCPEICTBOM ITOMCKA

ONTHUMAJBHBIX  BIMSHUN  MEXAYy  CErMCHTaMH.
OOyyeHHbI  po0OOT  oOKasajcs poOACTHBIM K
YAAJCHUIO  WiIM  J00aBICHHIO  HEOOYYCHHBIX

CEeTMEHTOB, a TaK >k€ OBICTPO TepeydnBaiCi IPHU
cMmeHe nend. [lockonbKy Tpad KoopauHauuM ObLI
3aJaH 3apaHee, sIBHas AEKOMIIO3UIHMA MPOCTPAHCTBA
MOWCKA 10 CerMeHTaM (TeKyIIUHd CerMEeHT 3aBHCEll
TOJIBKO OT MPEABIAYINETo) mokaszana 3 GpeKTHBHOCTH
B CKOPOCTH CXOJMMOCTH aJITOPUTMa MO CPaBHEHHIO
C KOMaHIHBIM ¥ COBMECTHBIM  OOyYeHHEM
MOJIBEPKEHHBIM TPOKJIATHIO pasmepHocTH. Puc. 7
WITIOCTPUPYET TpapUKHd YMEHBIICHUS CyMMapHON
(o BceM cerMeHTaM) OMIMOKM BPEMEHHOW Pa3HOCTH
IUI TpEX alTOPUTMOB OOYYEHHUS C MOAKPEIUICHHEM
B CPaBHEHHUH C COBMECTHBIM 00ydeHuem (JAL).

=
wn
)

£
=]
|

= Watkins-Q
———(-Learning
—— SARSA

sevsens JAL-SARSA
seesens JAL-Watins-Q

eerees JAL-O-Learning

o

Average TD error for one agent

v
0 20 40 60 80 100 120

5 - Episodes (1 esisode = 1000 trairting starts)

Puc. 7 — I'paduku usMeHeHHs OIIUOKU BpeMeHHOM
Pa3HOCTH MeKIY COBMECTHBIM 00yueHHeM U MO/IeJIbIo
KOMAaH/Y

5. BbiIBOAbI

[IpencraBnenHas B paboTe MOAETh OpPTaHU3ALIUU

B3aUMOJEHUCTBUA B MHOTOAr€HTHOM  COHEPKUT
HaOop TEXHHUK, KOTOpbIE MO3BOJISIIOT
KOHKPETU3UPOBATh, OIEHUTh U OINTUMHU3UPOBATH

OTHOIIICHUSI MEXJy arcHTaMu B CHCTEME C IEJbI0
KoopauHauuu ux JAeiictBuid. IlpencraBrneHHBII
MONXOJ K aJanTaldd PacCMOTPEHHBIX KOHIISTIIIHN
HE €IMHCTBCHHBIA. B paboTax [5,6] mpeacraBieHb
ajianTayy JaHHOTO MOIX0a JUIS 33]1a4 TEOPUH UTp,
KOJJIEKTUBHOTO (PypakKMpOBaHUS, KOJUIEKTHBHOTO
MPUHATHUSA PEUICHUN U psja IPYyTHX.

OKCIIepUMEHT C  UCHOJb30BAHHEM  MOJENH
MOKa3aJld, YTO OJBPHUCTUKH, KOHKPETH3UPYIOIINE
OTHOIICHUSI MEXIy areHTamMy, NPUMEHUMBI s
HIMPOKOTO KJacca 3aJad U MOTyT ObITh Oonee
3¢ (eKTUBHBL, YeM N300pETeHNEe HOBOTO allTOPUTMA.
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UHXeHepuu 6 1984 200y 6
Mockosckom 2ocydapcmeeHHOM
MEeXHUYEeCKOM  yHUsepcumeme
um. baymana. B 1990 oH
3awumun kaHOudamckyro duc-
cepmauuro 8 bernopycckom

eocydapcmeeHHoM yHusepcumeme u 8 2003 200y
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myme nipobnem uHgopmamuku HauyuoHanbHOU
Akademuu Hayk benapycu. B Hacmosiwiee eapemsi oH
pabomaem  3aesedyrouwum  Kagedpol  uHmersl-
JieKmyaribHbIX UHQOPMaUUOHHbBIX MexHomoaul u
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obydyeHue asmoHOMHbIX pobomos, obpabomka
CueHaros, xaomuyeckue [PoUecchl, 8bisierieHuUe
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Abstract: In this article we describe a model for finding optimal for learning the behavior of a group of agents in a
collaborative multiagent setting. This model contains a set of scalable techniques that organize behavior of a multi-
agent system. As a basis we use the framework of coordination graphs which exploits the dependencies between agents
to decompose the global payoff function into a sum of local terms. To estimate a quality of interactions between agents
we are using the concepts of the influence value learning paradigm. In last section we present the implementation of the

considered model via reinforcement learning and experimental results of the use of this paradigm.

Keywords: multi-agent system, reinforcement learning, Q-Learning, coordination graph, influences learning.

A multiagent system (MAS) consists of a group
of agents that reside in an environment and can
potentially interact with each other. In this article we
are interested in collaborative multiagent systems in
which the agents have to work together in order to
optimize a shared performance measure. In detail,
we focus on inherently cooperative tasks involving a
large group of agents in which the success of the
team is measured by the specific combination of
actions of the agents.

This kind of problems requires special techniques
for producing effective behavior in multi-agent
system. This article describes two kinds of such
techniques: influence value as a measure about
executing actions from another agent, and
coordination  graphs that’s decomposes a
coordination problem into a combination of simpler
problems.

In influence value paradigm, agents estimate the
values of their actions based on the reward obtained
and a numerical value called influence value. The
influence model can specify two side relationships
between agents that behavior requires coordination.
Influence value determines the measure of quality of
agent’s interactions. E.g. it can determine whether or
not an agent will be influenced by opinions of other
agents.

All agents in a collaborative multiagent system
can potentially influence each other. It is therefore
important to ensure that the actions selected by the
individual agents result in optimal decisions for the

group as a whole. This is often referred to as the
coordination problem.

Fortunately, in many problems the action of one
agent does not depend on the actions of all other
agents, but only on a small subset. For example, in
many real-world domains only agents which are
spatially close have to coordinate their actions. The
framework of coordination graphs is a recent
approach to exploit these dependencies. This
framework assumes the action of an agent i only
depends on a subset of the other agents, j € T'(i).
The global payoff function is then decomposed into
linear combination of local payoff function.

The described techniques in combination with
reinforcement learning helps to solve almost all the
difficulties facing when need to find optimal multi-
agent structure producing optimal interactions.
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®OPMYBAHHSA TA ONPALIOBAHHSA EHTPOMINHO-
MAHINMYNIbOBAHUX CUTHAJNIbHUX KOPEKTYIOUYUX KOAIB Y
BE3MNPOBIAHNX CEHCOPHUX MEPEXAX

ApTyp BopoHuuy R ApocnaB Hukonanuyk 2) Bonoaumup MNapgrok 2)

! IBano-PDpaHKiBCHKHMiT HALLIOHALHUI TEXHIYHMI YHIBEpCHTET HA(TH i rasy,
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y s s ) y

Pe3rome: Buxnadena cucmemamu3ayis meopemuiHux OCHO8 Ma AHATIMUYHUX 8UPA3i8 oyiHKu mip enmponii. Hagedeno
XapaKmepucmuky CUSHALbHUX KOPeKmyouux kooie noas Ianya. Onucano Moxiciugicmes 6UKOPUCMAHH eHMPONIUHOT
MAauinyiayii ma CUSHATbHUX KOPEKMYI4ux Kooig y 6e3npoGiOHuUx CeHCOpHux mepexcax. Bcmanoeneno, wo
EeHMOPONIUHUY NIOXIO 3 3ACMOCYBAHHI KOPEKMYIOYUX K00ie noasa I anya ¢ Haubinbus epekmusHuM ma nepcneKmueHUM
0121 hopMYBaAHHS T ONPAYIOBAHHS CUSHAIE NPU nepedayi iHopmayii 6 6e3npoiOHUX CEHCOPHUX MePeHCaXx.

Ku1o4oBi cioBa: Oe3npogiona cencopra mepedica, eHmponis, cuzHaibHi kopekmytoui koou, I anya.

FORMATION AND PROCESSING OF ENTROPY-MANIPULATED
CORRECTING SIGNAL CODES IN WIRELESS SENSOR NETWORKS

Artur Voronych ", Yaroslav Nykolaychuk ?, Volodymyr Hladyuk ?

D vano-Frankivsk National Technical University of Oil and Gas
15 Carpathian Str., 76019 Ivano-Frankivsk, archy.bear @ gmail.com
? Ternopil National Economic University, 11 Lvivska Str., 46020 Ternopil

Abstract: It is described a systematization of theoretical bases and analytical expressions for evaluation of entropy
measures. It is showed a characteristic of signal corrective codes of Galois field. It is described the use of entropic
manipulation and corrective signal codes in wireless sensor networks. It is founded that entropy approach of applying
the corrective codes of Galois field is the most effective and promising for the formation and processing of signals
during transmission in wireless sensor networks.

Keywords: wireless sensor networks, entropy, corrective signal codes, Galois.

BCTYN cencopu. CeHCOpPU MOKYTh OyTH HaWpi3HOMAaHIT-
HIIIMMH, BOHHU IJIKIIOYAIOTBCS 4Yepe3 LUQpOBi i
aHaJIOTOBI  KOHekTopu. Yacrime 3a  iHIOIMX
BUKOPUCTOBYIOTBCSI CEHCOPU TEeMIIEpaTypH, THCKY,
BOJIOTOCTi,  OCBITJICHOCTi,  BiOparmii, = MarHiTo-
eJIeKTPUYHI, XiMi4Hi, 3BYKOBi 1 geski inmi. Habip
BUKOPUCTAHUX CEHCOPIB 3aJIC)KUTH BiA (YHKLIH, 110
BHKOHYIOTHCS 0E3MPOBITHIMHI CEHCOPHUMH
Mepexxamu. JKUBIEHHS MOTIB 3MIMCHIOETBCS Bill
HeBenukoi Oatapei [2]. MOTH BHUKOPHCTOBYIOTHCS
TUTBKH s 300py, TepBUHHOI OOpOOKM i
nepeiaBaHHs CCHCOPHUX JaHUX.

besnpoBinHi ceHCOpHI Mepexi (wireless sensor
networks) — omHI 3 TepemoBUX KOMI FOTEPHHX
MEPEXKEBUX TEXHOJIOTIH, PO3MIp PHUHKY SIKUX B
2011p. craHoBuB 1B MimbsApma  moinapis[1].
OCHOBOIO ~ Takux  MepeX €  MiHIaTIOpHi
00YHCITIOBATBHO-KOMYHIKAIIiHI TPUCTPOI — MOTH
(Bim aHri. motes — TOPOIIMHKH), ab0 CEHCOpPH.
CeHcop € TUIATOKO PO3MIpPOM HE OUIBIN 33 OIUH
KyOluHuii  groiiMm. Ha mumati  po3MINIyOThCS
Tporecop, maM’sTh ¢Jielr 1 omnepaTUBHA, MHPPO-
aHajoroBi 1 aHamoro-uM(poBi TepeTBOpIOBai,
pPaaioyacTOTHUN TMpHUMay, PKEPESo KUBJICHHS 1
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1. TEOPETU4HI OCHOBMU
EHTPOMIMHUX METO/AIB
OMPALIIOBAHHA CUTHANIB

B cBiTOBifi mpakTHIi S OI[IHKK EHTPOMil
iHpopMarii HaWImIMpIIe 3acTOCYBaHHS OTPUMAIU
indopmartiitai mipu P. Xaprii Ta K. Illeanona. B
TOW K€ Yac Ha MPaKTHI[ 3aCTOCOBYEThCS Oararo
IHIIUX OWIHOK eHTpomii(Tadm. 1), sKi MOXyTh OyTH
TEOPETUYHOIO0 OCHOBOIO I METOMIB (hopMyBaHHS
Ta ompalltoBaHHs curHamiis [3,4,5].

Taduuusa 1. ®opMyJiu olliHKH eHTPOIil

Ne OyHKIIisA

Mipa
eHTpoIil

H =logS" =n-logS, ne H — eutporis;
1.| § — umcno HesamexHHX pPiBHOMMOBIpHUX
craHiB jukepen iHpopmanii(Al); 7 — noexuna
BUOIPKH.

I =log,\2mec?, I, =E[log,30,]
2.1 2

E[] -
OKPYTJICHHSIM JI0 OL1BLIOTO
H, <T/At+1og(C/&).ne At — xpox

3 MUCKpeTH3alii, I1mo 3abe3rmedye TOYHICTH |:
. . =
kBaHTyBaHHs & ; C — Jiama3oH KBaHTYBaHHS;

P. Xaptmi

[IOYMCeNlbHA  (PYHKIA 3

K. Kpamna

Koamorop

T — inTeppan yacy crioctepexenns JI.

H= —kZpi log p,, ne k - nonarniii

4. =l
KOe(iIi€HT, o0 BPaXxOBY€e OCHOBY JIoTapudma;

K. Illexno-
Ha

P;j— MOBIpHICTB i-T0 cTaHy JuckpeTHoro JII.

hA = ]Fc'ep(t) /‘fI;laX(t) > Ae féep(t),

5. fmax(®) — Biznosimmo  cepemme i

MaKCUMallbHe 3HAUCHHsS MOXIiJTHUX
KUTBKOCTI CTaHIB JDKEpea.

B. Borona

3MIHHU

! 1 & .
I.=n -E{Elog2 ;z (Df - R, (J))}’

J=1

6.| ie D — mucnepcis 3navens Xx;; R ( ]) -
aBTOKOpEJIAiiHA (YHKIIISA; M — YHUCIO TOYOK
dynxuii R ( j ) HA iHTEpBaJi KOPEISIIii.

S1. Huxoimaii-
gyKa

H(u, p) :_kz[uipi logp,], ne u; -

i=1
xoedilienT KopucHOCTI; k — cTana BennvuMHa,;

JIx. JIonro

P = p; — IMOBIPHICTb i-TO CTaHy.

. PW. PW.
H(P’W):_Z n — log n — > %
i=1
8. Z PW; Z PW; =
j=1 j=1 =
ne BW; — ouinouni koedinientn. =
H =lim(log N)/n]==3" p(j)-log p(j), | &
Q
n L A
9.1 me N=pn! H S, - 3aralkHA KUILKICTh 5
J .
MOXKJIMBUX KOMOIHAITIH CTaHiB 5
L L
HX)==Y...> p(X)log p(X), ne =
I3 1, &
10 (1<l <L;i=12, .., n) ;r
X - anpiopua HeBusHaueHicts ; X, ), — =
CTATUCTHYHO 3aJIeXHi cTann JI1
H<k2BT(1+S/N) H=k-nlog$,,,,
g
ne S, — cepente 3uauenns crauis I, BT | 2
=
1 inpopMmaniiina 0a3a NOBIZOMJIEHb, WO | (=
dopmyersea; N — 3nauenns mymy.l/S —| o
IHTepBa KOPEJISIIii MiXK BiJTiKAMA
JeranpHuii  aHami3  BIIACTHMBOCTEH  OIIHOK

eHTporii TpoBemeHW B [5], A€ IOKa3aHo, IO
peaiizailis  GHTPONIHHMX MOJEICH Ha OCHOBI
¢yHKUiN aBTOKOpemAwLii(Tadn. 1(6) mo3Boisie 3HIATH
icHyro4i (DYHKITIOHAJIbHI OOMEXEHHS, SKi MPUCYTHI
npu PO3paxyHKy eHTpomii Ha OCHOBI
inpopmaniitaux mip P. Xaptmi ta K. IllenHona.
Ockinbky TmepHia HE BpPaxOBYE CTAaTUCTUYHOTO
pO3MOAUTY MOTOKY iH(OpMAaIitHUX JaHWX, a Ipyra
BpPaxoOBy€ TIIbKKW WMOBIPHOCTI CTaHiB JpKepen
iHbopMarii i HE BpaxoBye WMOBIPHOCTEH ix
nepexoxy 3 OJHOIO CTaHy B IHIIMH, IO
peanizyeTbcs B iHQoOpMaliiHid Mipi eHTpomii Ha
OCHOBI tdhopmynn, 3allpONIOHOBaHOI  MpodQ.
Hukonaituykom .M [3,4,5].

[MpukinanoM KofiB, sIKi BOJIOJIIOTH BHCOKUMH
SHTPOMINHUMH XapaKTEPHUCTUKAMH € CHTHAaJIbHI
KopekTyroui koau B 6asuci ['amya [3].

2. CUTHAJIbHI KOPEKTYHO4I KOOU B
BA3UCI TANTYA

Komu mons T'amya (puc. 1)[3, 6] 3a 3araibHOIO
KIIacU(iKaIiero BITHOCATHCS o migKIacy
LMKJIIYHUX OJIOKOBHUX KOJIB, Kl BOJIOJIIOTH BCIMa
OCHOBHHMH  BJIACTHBOCTSIMH  3aBaJ03axXHILEHUX
komiB. B  0OmokoBHX  KOZaxX  IIOCIIJOBHICTH
€JIEMCHTAapHUX IOBIIOMJICHb PO30HMBAIOTHCS HA
Oomoxku cumBomB (By, By, B;, ..., B,) dikcoBanoi
noexkuHu K, KOXKHOMY 3 SKHX CTaBUTBHCS B
BIAMOBIIHOCTI  NEeBHA  KOMOIHAIi1  CHUMBOJIIB
KomoBoro cioBsa (by, by, bs, ..., b,).
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@D 1T

12... N

V=N

V' —00’eM BUPOIKECHOT MATPHIT

Puc. 1 — IlpeacraBiaenns koay I'anya

Hukmigyai  Koaw  BIMHOCATBCA A0  Kjacy
CHCTeMAaTUYHUX KoxiB. /i1 MaHMX KOZIB MOKHA
3aMyucaTH BiIMOBIAHMN 1M aHATITUYHUNA BUpA3, YU
IesKe JIOTIYHE CIIBBIOHOIIEHHS, K€ BHU3HAYACTHCS
MpaBUjIaMH CTBOPEHHS IMX KofiB. Haioimbmmn
3py4HOI0 (HOPMOFO TIPECTABIICHHS IIUKITIYHUX KOJIIB
— BUKOPHCTaHHS anredpaiuHoro Bupasy [3, 6]:

Gx)=a, - x""+a, , - x"7+..+a -x+a,(1),

I do,...,d, — YUCIIA, IO JOPIBHIOIOTH «0» uu «1»,
SIKi BU3HAYAKOTHh BIJAIMOBIJHI 3HAYCHHS PO3PAIiB
KOIOBUX KOMOIHAIIH.

TakuM 4MHOM [ HaL LUKIIYHAMH KOJaMH
3BOJUTHCS bi o) il Haj BIAITOBIAHUMU
MaTeMaTHYHUMH BUpazamu. JlaHi KOIu € OIMHUMH 3
HaWOIBIT TOCKOHAJIO YIIAKOBKOIO iH(OpMaIrii.

Haii6inpin ehekTHBHO MepeBard AaHOTO Oa3ucy
MOKHa BUKOPHCTATH TIPH KOAYBaHHI iHTETpaIbHHUX
3HaYCHb, OCKUIBKM TIPH IHTETPYBAaHHI KOXHE
HACTYITHE 3HAuUCHHS 30UIBIIYEThCS HA OIMHUIILO.
Tomy Ha Bigminy Bin Oasucy Pamemaxepa koxHe
UCKpETHE 3HAYEHHs iHTerpaiia QyHKIi 3aMicTh n—
PO3PSAHOTO NBIMKOBOTO KOAY (DIKCYETHCSI OTHUM
6irom ["anya (puc. 2).

11110101011101100111...00000
H_} H_J

KOIOH €

Puc. 2 — ®opmysanns xoay 'anya

VY 3aranpHOMy BUINAJIKy Koja mona [amya
TCHEePYEThCS 3TiHO PIBHAHL HE3BIIHUX IOJIHOMIB
(Tabm. 2) Ha OCHOBI y3arallbHEHOTO PEKYpPEHTHOTO
Bupasy[7]:

X = (xi 4, 9x,-0,9.0x,_,-qa,., )n ()

ne a;€0,l- nBilikoBi 3HAa4YeHHS HE3BIJHOTO

anrebpaigHoro  modiHOMy, 10  dopMye
PEKYPEHTHOTO KJIt0Ya ISl TIOCITiAOBHOCTI.

KOJI

B  okpemux Bumagkax kox lamyaG,

(hopMy€eTBCS 3TiTHO peKypEHTHOI MOCIiTIOBHOCTI:

Gi+1 = Gi ® Gi—n 3)

Il 1 — PO3PSTHICTH KOJAOHA

Ta6auus 2. Hespigni noainomu 7(x) =x" + f(x)
CTeIEeHIB I | XapaKTepUCTHK P

P r 7 [ = £ ()]
2 X tx+l
3 Oax+lid 1241
4 A rxtl
5 O ax+l
6 O rx+l
7 x tx+lix 4041
8 Brxted +a? 41
9 O rxtal
10 04341
11 e x? 41
12 2l i xr
13 Bt e x+l

2 14 A x4 x 0 x sl
15 x4 xrl
16 A0 x? i xtl
17 Ty
18 A’ 41
19 A +x? 4 xtl
20 204?41
21 x4l
22 X2 rx+l
23 B0+l
24 e e x? x+dl
25 x4l
26 208 ex? v x4l

[Ipu mepenaBanHi Ta mpuitMaHHI iHGOpMaIi Ha
OCHOB1 CHTHAJBHHX KOMIB BUKOPHCTOBYIOTHCS
MaHiNyJbOBaHi CUTHaIW c(HOPMOBaHI Ha OCHOBI
YOTHUPHOX O3HAK, SIKi TTOCTABJICHI Y BiIMOBIIHICTE 10
eJIEMEHTIB iH(hopMaIliitHOrO [IOB1JOMJIEHHS
BiJINIOBiTHO 10 KoAiB mosst ["amya [6].

Bimomwmii cmoci6 mepemaBaHHS, Ta TpUAMaHHS
iHdopmarii Ha OCHOBI MOIU(DIKOBAaHOI HaCTOTHOL
monyssmii (MFM) [8]. B MomudikoBaHiii 4acTOTHiH
MOJTYJIALIi BUKOPUCTOBYIOTHCS 4 CUTHAJIbHI O3HAKH:
¢bport wHapoctaHHA(A ), ¢GpoHT coamy(V), sKi
BIJINIOBIIAIOTh CHUMBOJY «1», 1 TOTEHINAT «+»,
MOTEHIIAN «—», AKi BIAMOBIAAIOTH CUMBONY «O0».
I[Ipu moBTOpeHHi cumBoy «0» st OiToBOi
CHHXPOHI3amii TaKOX BHKOPHUCTOBYIOTH (PpPOHT
HapocTaHHsA( A ) un criagy( Vv ).

236



Apmyp Boponuu, Apocras Hukonaiiuyk, Borooumup I'naowxk / Komn tomune, 2012, mom 11, eunyck 3, 234-244

IIpote Takuii cmocid HE MO3BOJISIE BUSBIATH 1
BUTIPABIISITH TOMUJIKH.

[Hmwmii  cnoci®6 mepenaBaHHA Ta TNPHEMaHHA
inpopMmarii[9] mo3BoNsge BHUABHTH Ta BUIPABUTH
NOMWJIKA TIpH TpUAMaHHI OITOPi€EHTOBaHMUX IaHUX
32 paxyHOK KOPEKTYIOUHMX BJIACTHBOCTEH KOMIB
lNanmya Ge3 momaTKOBOro MepeaaBaHHS KOHTPOJIBHUX
CyM.

[Mlpu mnepemaBanHi Ta mnpuiiMaHHi iH(OpMaii

BUKOPUCTOBYIOTBCS MaHiMmyJIbOBaHi CHUTHAJIN
chopMOBaHI Ha OCHOBI UYOTHPHOX O3HAK, SKi
MOCTaBJICHI y  BIANOBIMHICTH JO  CJIIEMEHTIB

iH(OpMAIifHOTO TOBIIOMJICHHS  BIAMOBIAHO JI0
koxiB mons ['amya. Takwit mpuHIMI (GOpMyBaHHS
CUTHAJIGHOTO KOXy TIOJSITa€ B TOMY, IO OITH
ONMHUIIL B  TAKETI  JAaHUX  HYMEPYIOThCS
pexypeHTHHM KomoMm Lamya G2. Ilpuuomy s
OMMHWIF B TmakeTi mammx Oir Tlamya «1»
nepenaerbest ppoHTOM HapocTanHs( A ), a OitT [amya
«0» mepenaerscst ppoHTOM cnany(V ). bitu HymiB B
MakeTi NaHUX TaKOX HYMEPYIOThCS PEKYPEHTHUM
xomoMm I'amya G%,. IIpudomy i HyIiB B HakeTi
nanux Oitr [amya «1» mepemaeTbcss MOTEHLIATIOM
«t», a 0iT I'anya «0» mepemaeTscsi MOTEHITIATIOM
«». B sKOCTI YOTHPHOX O3HAK MAHINMYJIAIT Ha
CUTHAJILHOMY piBHI MoXe OyTH  BiAIIOBITHO
BHKOpHCTaHI HaOOpu 3 HYOTHPHOX (ha3, HaCTOT,
ITyMOIIOAIOHUX CHUTHAJIIB Ta iX KOMOiHAIIIH.

[Mpukian  curHally — MaHiMyJbOBAaHOTO 34
JOTIOMOTOI0 CUTHAJIBHUX KOPETYIOUMX KOZIB, TPH
sskoMy 00’em kony ['amya BiamoBimae 00’emy maHuX
HaBeJICHO Ha puc. 3. 3 Tabuui (puc. 3) BUAHO, IO B
onomi 06’emom N=2* 3aBEPIIICHHS TTOCIiIOBHOCTI
HyIiB Bifmmosinae xomy l'amya 1101 i 3aBepuryetbes
CHUMBOJIaMH ++—+V V AV, TOOTO N=6, 3rigHO
Gt A 3aBEPIICHHS MOCI0BHOCTI OJMHUIL B KOJI
lanmya BiamoBigae cuMBoOIaM AV V A, TOOTO KOOy
l'amya 0110, N=10.

Mozuuji Gitie dl1|d2 | d3|d4 | d5|d6|d7 | d8|d9 |d10|d11|d12|d13|d14|d15/d16
BiTh AaHMX 111 1 17 1] 1 1 1 1 1 1 1 1 1 1 1

Bitv Fanya Ga2(1)| 1 | 1 1 1 0 1 0|1 1 0 0 1 0|0]|0]|O0
cumsonsemitkoa| /\ | /N | ANV IAIVINIANIVIVINIVIVIVIV
curvsmominon LA A LA TV AT AT AT L LA ] [ ]
O T T T e e ]

Bithh AakHux 0|0 0|0 0|0|0/|0 0|0 |0 |O o|jo |0 |0
Bit FanyaGaX0)| 1 | 1 1 1 0 1 01 1 0 0 1 0|0]|0]|O0
cumsonssmiivoa| - | - | 4- | 4 [ — N -
CurHansHwii kog ] L]

Bith AakHux 111 0 1 1 0 1 1 1 0|0 0 1 1 0|1
Birv TanyaGeo(1)| 1 | 1 101 o] 1|0 1 1 0
Bitwt FanyaG42(0) 1 1 1110 1
amsonsaivoa| N\ | N\ |+ | N[N+ | VIAIV |+ |+ —| AN |+ V
emansivon | H b

Puc. 3 — ITpuxaan ¢popMyBaHHSA CUTHAJLHOIO
KOPEKTYI040ro Koay Aas ingopmaniiinoro
NOBIIOMJICHHS
Takum umHOM  3a0e3medyeTbes — ehEeKTHBHE

CHMETpUYHE KOIyBaHHS y BHIULIAI KomiB [amya
MOCJIZOBHOCTI HYJIIB 1 OJWHHUIL OJIOKY IaHHUX 3
OJIHO3HAYHUM BH3HAYECHHSIM iX uncna NytN;=N,
sIKE BHUKOPUCTOBYETBCS [JI1 BUSABJICHHSA Ta
BUIPABJICHHA TIOMUJIOK TICJS TepelaBaHHA
JTAHUX.

Ha puc. 4 300pakeHa peaizalisi MOTOKY JaHHUX
MaHilyJIbOBAHUX 32  JIOMIOMOTOK  CHTHAJBHUX
KOPEKTYIOUM KOJiB, 3 BHSBJICHHSIM IIOMWJIOK Ha
CHUTHAJILHOMY piBHi. B Tabmuii npuBeaeHo NpHKIan
BUHUKHEHHS ITOMIJIOK HA CUTHAJILHOMY PiBHI B 7-ii
ta 17-i1 mo3urii HyniB, a Takox 10-if Ta 21-ii
MO3ULIT OAUHHULIb.

BusiBjieHHS TOMHIOK TIpPYHTYe€Tbcsi Ha  OiT-
OpIEHTOBaHIA HyMepamii TOCTiAOBHOCTI HYINIB 1
OJTMHHIIb, SIKI TIEPEIAIOTHCS 32 JOIOMOTOI0 KOJOBUX
nocmigoBHocTel ["amya. SIkmo moMumiika BUsIBIICHA,
BUKOPUCTOBYEThCS ~ (OpMyNla, J€ PEKypEeHTHUM
MUISIXOM  TIEPEBIPSIEThCSI, B AKIH caMe TO3HIIIl
BinOynacs 3aMiHa CHMBONY HYJS(OIMHHMII), B
mporieci TMepefaBaHHs JaHUX 1 JAHWH CUMBOJ
3aMIHIOETHCS Ha TIPABMIIBHHM [9].

H°Me§i;‘:3””“' 112 3|4 |5|6|7|8|9 1011|1213 14|15|16|17|18| 19|20 21| 22|23 | 24
BT dianux 1lolol1]ol1|ol1t1]1)ol1|1]o|1|1]lo|1]1]|1]1]0]1]o0
Bir Fanya GA(1) 1 1 1 1101 0] 1 110 11000 0
Bit FanyaG4%(0) 111 1 1 0 1 0 1 1
CurHanbHuit Kog, fﬂ”W%W”Efﬁf}”"tﬂﬁFﬂW&”" B R WTW - Wf—l;Jr == WFW ffffffffff -= ¢f fL --
Momunka * * * * *
Camsoneraii ko)l Ay A A A = E e AV A=A o =R v Al
3 NOMMUTKOK = \V V Vv

Puc. 4 — Peanizanis NoToKy JaHMX 32 10IOMOI0I0 CUTHAJbHUX KOPEKTYIOUMX KOiB, 3 BUSIBJEHHIM NOMUJIOK
HA CUTHAJILHOMY piBHi
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3. CMIPAJIbHI BITACTUBOCTI
KOPEKTYIO4YUX KOAIB B BA3UCI

FAJNTYA
Teopetuuna OCHOBa M ABUIIEHHS
3aBa/I03aXUIICHOCTI  CHTHABHUX  KOPEKTYIOUHX

KOJIiB TIOKa3aHa B po0OoTi [10], Ha OCHOBI BHSABICHOT
HasiBHOCTI B TOCHigOBHOCTI [amya dYepe3piBHEBOi
PEKypeHTHOI BIaCTHBOCTI.

Hexait maemo kop I'anya, sikuil mpeCcTaBIsSIETHCS
PEKYPEHTHHM KOJIOM:

G; =11110101 10010001111010110...

MoxHa TMOKa3aTd, W0 KOJ TeHEePOBaHHWW Ha
OCHOBi BHUpa3y (3) MOXKHa ymHaKyBaTH B CIIipaib
(puc. 5), mpuyYOMy IO KOXHIM 3 YOTUPHOX TBIPHHUX
(hopMyeThCsl peKypeHTHa IOCIiJOBHICTh, SKa Mae
BIAMOBITHI PEKYPEHTHI BJIACTUBOCTI KOy B 0a3mci

Tanya.
OtpuMaHa cCHipajdb 3aKOJ0OBaHA PEKYPECHTHUM
KOJIOM PO3KPYUYETHCS 31 30epeKeHHIM

7/ %o%o’

///%

B ol o 71%1/

o [T 17
/1

/ % /
o%o 1 1

pPEKypeHTHOCTI 4depe3 12 CHMBOINIB, IO JO3BOJISE
BUTIPABJIATH TIOMIJIKM TIO TBIPHUX CIHipalli 3TiHO
BUpA3y:

Gm = Gi ® Gi—13 4)

3 BpaxyBaHHSIM CIIpaJbHAX  BIACTUBOCTEH
CUTHAJIBHUHA DPEKYpEeHTHUH KOA MOXHa €(EeKTUBHO
BUKOPUCTATH TIPH BUSBJICHI MMAKETIB TOMHJIOK.
OCKIUIBKH CIIOYaTKy MEPEeBIpsIETHCSI 1 BUMIPABIISIETHCS
MOMMJIKM 3TiTHO BUpa3sy (1) a moTiM, 3rigHo BHpaszy
(4) mo TBipHUX cripai.

Ha puc. 5 nokazaHo BUSBICHHS NMOMUJIOK TpHU
BUKOPHUCTaHHI CHipaJIbHUX BJIACTUBOCTEH
CUTHAITLHUX KOPEKTYIOUMX KomiB mons [amya. Sk
BHJIHO 3 PHC. 6 TP BHHUKHEHHI ITOMHUJIOK B II’SITH
MIAPS TO3MINSIX BHSBJICHHS TOMMJIOK 3aBISKU
peKypcuBHOMY BHpa3y (3) cTae HEMOXXIHMBUM,
OCKUTBKM MOJKJIMBA HEMpaBUIIbHA KOPEKILs,, TOMY
MOTPIOHO  BUSBIATH JaHI TMOMHWIKH  3aBISKH
CHipaTbHUM BIACTHBOCTSIM, TOOTO BHpa3y (4).

0 10

1% 71

% _

B nn o

N n
1 /o 010

1

\
\

\
\
\
\

\
N

0 0 1 [

\
N
o
N

4

%1%1%1%091%0%1%1%0@0 i

2, 3

\
\
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Puc. 5 — CurnanbHuii KOPeKTYIOUMIi KO/ yIaKoBaHMIl y BULIsAi cripai

Howmep
mosumii | 1 [2(3(4(5/6|7|8|9|10| 11 |12
0OiTiB

13(14|15|16|17 |18 |1

e
[\
(=
\S}
—_

G: | 1|tft|t{oj1{of1|1{0| 0 |1

Puc. 6 — BusiBj1eHHSI IOMUWJIOK MPH BUKOPHUCTAHHI CHipaJbHUX BJACTUBOCTEH CHTHAJBHHUX KOPEKTYIOYHX
KoaiB moJs INanya

4. BE3MNPOBIAHA CEHCOPHA MEPEXA

Y wmepexi kommanii Dust Networks[2] By3mm
MOpamioloTh B IIYMOMNOAIOHOMY  peXumi i3
CTpUOKOMOMIOHO ~ TIEPECTPOMKOK  YacTOTH B
miamazoni 902-928 MI'm. Binctans Mik By3aamMu
ckmagae 30-60 M B mpumimienHi 1 go 150 M moza
npuMimieHHsM. [IpoTe BHaAcHiZoK MaluxX poO3MipiB
MOT pO3Mip aHTEHU TaKOXX IMOBWHEH OyTH MalvH, i
repeaaBaHHs JTaHUX HEOOXiJTHO BECTHM Ha BUCOKIH
4acToTi, a 1Ie He 3aBXIU CyMiCHO 3 BUMOT'OI0 MaJloi
CMOKUBAHOI  TOTYXHOCTI. Jo  Ttoro ik,
BHCOKOYACTOTHI TPAaHCHBEPHU — JOCTATHHO CKJIAIHI
NPUCTPOi 3 CXEMaMHM MOZIYJIAIIl 1 JIeMOIYJISIIii,
cmyroBuMu Qinbrpamu. [l mepenaBaHHS JIaHHX

BiJl BENMKOTO YHWCIIa BY3JiB HOTPiOHI JOAATKOBI
CXEMH MYJILTUIIICKCOBAHOT MepeIaBaHHs 3 YaCOBUM,
JacTOTHUM ab0 KOIOBHUM pO3AUICHHAM. Bce 11e
ICTOTHO YCKJIaTHIOE 3aBJIaHHS 3HKCHHS
CMIOKMBAHOI TIOTYXXHOCTiI 70 HEOOXiTHOTO pIiBHA B
JIeKiTbKa MiKpoBar.

Be3npoBigHa ceHcOpHa Mepexa, po3poldiieHa
aBTOPaMH, HaJIOKHUTh 70 PO3IOIIICHUX
iH(MOpMaIiiTHO-BUMipIOBATBHAX KOMIT FOT€pPH30-
BaHUX MporpaMHO-anapaTHUX 3ac00iB
NEpPETBOPEHHSI,  JHUCTAHIIMHOTO  TepeaaBaHHS,
peectpamii Ta  BigoOpakeHHs  JaHUX  IIPO
XapaKTePUCTUKU CKJIaJTHHX MPOCTOPOBO-

PO3MOIIICHUX MPOMUCIIOBUX 00’ EKTIB KOHTPOJIIO Ta
ynpaBiiHHs. Taki CEHCOpHI Mepexi MOXyTh OyTH
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BHKOPHWCTaHI IS BiIaJICHOTO KOHTPOIIIO Ta OOJIIKY
BUTPAaTH CHEProOHOCIiB  (ENEeKTpOCHeprii, rasy,
CTHCHEHOTO TOBITPA, BOAW, MapH, CHIIyYUX
MatepiaiiB), igeHTH(IKaIii, CTaHIB TEXHOIOTIYHUX
YCTaHOBOK,  SIKI ~ XapaKTepU3yIOTbCsS  KBazi—
CTalliOHADHUMH CTaHaMH (CJIEKTPUYHI JBUTYHH,
KpaHH, 3aCyBKH, CTaHKH ITI0 0OOpoOIli MeTaliB, Ta
IHITUX MaTepialliB), YCTaHOBKH Ha(TOTa30BOTO
KoMmIUiekcy  (OypiHHS, BUAOOYTKY, MiATOTOBKH,
30epiranHs, mepepoOKy Ta TPAaHCTIOPTYBaHHS Ha(TH
Ta HaQTONPOAYKTIB), a TaKOX TPAHCIOPTY,
nepepoOku, QacyBaHHS Ta TepepoOKH TPOIYKTiB
Xap4yBaHHSI.

[ana Mepexa BOJIOJi€ KpalMMHU BIACTUBOCTSIMH
3aBaJO3XUILEHHOCTI Ta HAmIMHOCTI, a TaKOoX
amapaTHa CKJIQIHICTh € MCHIIOI, HiXK Yy BiIOMHX
0Ee3MPOBIIHNX CEHCOPHUX Mepeskax.

besmposinHa CEHCOpHA Mepexa, Ha
NepeaBabHIi  CTOPOHI  MICTUTh  Kk-CEHCOPHHX
BY31iB, Ha BXOJax sKMX € jgaBadi (puc. 7). Buxin
KOXKHOTO JlaBaya IIiJKIIOYEHUH [0 CEHCOPHOTro
BXOAY MpHUCTpo0 GoOpMyBaHHA Ta HHGPOBOTO
ompauioBaHHs curHaiiB. KpiM I1b0ro ceHcopHHi
BY30J1 MICTUTH OaTaperd aBTOHOMHOTO >KWBJICHHS.
Peectparmiitnuit  Buxim MiOKITIOUEHUN g0  duiemn-
nam’siTi peectparii, a iHQOpMaiifHUN BHXiN uyepes
TpaHCHBEpP MiJKIIOUCHUN 0 IepelaBabHOI aHTEHH,

a Ha TpUAMAIBHIM CTOpPOHI  MICTATBCA k-
NpUAMaTbHUX aHTCH. BUX0IM aHTEeH MiAKIIOYCHI 10
BXOZIB BiJIOBIAHUX NPUCTPOIB  OMpAIIOBAHHA
OTPUMAaHHUX CHUTHaJiB. Buxomm 1ux mpuCTpoOiB
MM AKITF0YEH] bi (o) BIAITOBIAHUX BXOJIIB
KOHIleHTpaTopa. Ha  mepemaBanbHiii  CTOPOHI

MIPHUCTPiil GOopMyBaHHS Ta IUPPOBOTO OMPAIFOBAHHS
CUTHAJIIB MICTUTh IHTETpaTbHO-IMITYILCHUI
eHTpOMiiiHui nepeTBOproBay [anya, sIKWi BKIIOYAE
MepeTBOPIOBaY Hampyra/dyactora, reaeparop ['anya,
BHUXIJT SKOTO MNAKIIOYCHHA 0 CHTPOIIHHOTO
NEepeTBOpIOBaYa  CUTHAIIB, BUXiZ SKOTO €
iHpOpMaIiiHUM BHXOAOM MPHUCTPOIO, i 10 e
mam’sITi peecTparii TaHuX (peecTpamiiHuN BHXiH).
Ha npwuiimManbHii CTOPOHI TPHUCTPIA OIMpaIToBaHHS
CUTHAJIiB MICTUTh NpUCTpiit BHU3HAUEHHS
ABTOKOPEIAIIAHOT Mipu eHTpomii 1 TpHUCTpii
nemMomyIrii 6iti I'amya.

%
YT

1 _Y/V'Y |

34 p

1 — posnoninenuii 00’ €KT yIpaBIliHHA, 2 — CEHCOPHI BY3JH 3
TiepeiaBaIbHOI0 aHTEHOIO, 3 — MPUCTPIlt BU3HAYEHHS SHTPOIIII 3
NIpUIMalIbHOIO aHTEHOIO, 4 —TIpUCTpilt nemonyrswii 6itis ["amya,

5 —KOHLIGHTPATOP.

Puc. 7 — CtpykTrypHa cxeMa CEHCOPHOI Mepeski

B ocHOBY pobotm 6€3mpoBimHOT CEHCOPHOI
MepeXi  MOKIAJACHO  NPUHIWN  TepeaBaHHS
iHpopMaLii Ha OCHOBI OPTOTOHANBHUX EHTPOIiHO-
MaHIMyJIbOBAHUX CHUTHANIB Ta KOJJOBOMY pO3IiIEHI
CUTHANB y Oe3mpoBimHIA JiHIT 3B’S3Ky Ta
BUKOPUCTAHHI CUTHANIBHUX KOPEKTYIOUMX BXOJIB Y
Oazmuci 'amya.

IadopmariitHo-BUMIpIOBAJIBHI  TaHI 3 00’ €KTY
YIpaBJIiHHS TOCTYNAIOTh Ha CEHCOpHI By31H 1 3
nepeaBatbHOI aHTEHOIO 2(pHc. 7), a caMe Ha BXOIU

nmaBadiB 1  CEHCOpHUX BYy3JIiB  0Oe3mpoBimHOT
CEHCOPHOI Mepexi(puc. 8).
1 3 /]/
Y Y
2 23 H— 5
Y
21 {224 1 5]

1 — maBay, 2 — iHTErpaIbHO-IMITYIbCHHI €HTPOIIIHHII
neperBoproBad ["amya 2.1 — mepeTBoproBad HaIpyra/4acToToTa,
2.2 —renepatop ["anya; 2.3 — eHTpomniiiHuii nepeTBoproBay
curHaiy, 3 — GJIOK )KUBJICHHS By3Ja, 4 — durewm-nam’siTh JUist
peecTpatii naHux, 5 — nepeiaBaibHa aHTCHA

Puc.8 — CTpykTypHy cxemy By3Ja 0e3npoBigHOl
CEHCOPHOI Mepe:Ki

Buxin xoxHoro paBaya 1 migKIIOUCHHH [0
BIJINIOBIIHOTO ~ BXOJy  IHTETrPajbHO-IMIYJBCHOTO
eHTpomiiiHOTO TmepeTBoproBaya [amya 2, sKuid
MICTHUTh IIE€PETBOPIOBaY TUIy Hampyra/dactora 2.1,
IMITYJIBCH SIKOTO TaKTYIOTh PoOOTY reHeparop I 'amya
2.2, AKM{ 3 BUKOPHCTAaHHSAM KOJOBOI IIKanu [amya
mo oci opauHaT (GOpMye aCHHXPOHHHM MOTIK OiTiB
l'arya B MOMEHTH IIepeciueHHs KBaHTOBAHUX
3Ha4YeHb oci opauHat(puc. 9) [7].

Y

o

coo

——oo—

com

Puc. 9 — InTerpajbHe npeAcTaBJIeHHSA CUTHATLY 3
BUKOPHCTAHHAM KOA0BOI mikaau ['anya

[licns mporo KomoBaHI JaHi TOCTYMAlOTh Ha
(baem-maM’ATh peecTpariii JaHuX 4 Ta eHTPOIHHMIA
neperBoproBady 2.3, AKMA 32  JONOMOIOIO
IIyMOTOAIOHUX CHTHANIIB KOIYE OJWHHWYHI Ta
HyIbOBi OiTn ["anya.

CyTth Meronmy (opMyBaHHS Ta OIpalFOBaHHS

239



Artur Voronych, Yaroslav Nykolaychuk, Volodymyr Hladyuk / Computing, 2012, Vol. 11, Issue 3, 234-244

KBa3IiTPIHKOBUX CHWTHAJTIB 31 3MIHHOIO EHTPOITIEI0
(puc. 10) monsirae B TOMY, IO ABIHKOBHM CHMBOJIaM
iHpOpMaLifHOTO  TIOBIAOMJICHHS  CTaBUTHCS Y
BIIMOBIAHICT,  3HAYEHHS  PO3MOMUTY  EHTPOIIii
curHany[11]. Tak, B kaHami 3B’S3Ky € TMOCTiliHA
ckianoBa (puc. 10,a), sika BHUKOPUCTOBYETHCS JIJIS
[MO3HAYEHHS TOBTOPEHHS, TIOYaTKy 1  KIiHIA
moBimoMiIeHHs. [HQopMariianM cumBoaM  «0»
(puc. 10,6) 1 «l» (puc.10,B) craBuThCH Y
BiJIMOBIHICTh 3HAYEHHS EHTPOIIi IIyMOIOAiOHOTO
CUTHAIy 3  MaHIMyJIbOBaHUM  MAaTEMaTHYHUM
CIIO/IIBaHHSM.

0

Puc. 10 — IIpeacrasienns indopmaniinux
NMOBiIOMJICHb IPH MAHINMYIANIT KBa3iTpiiKoBUX
CUTHAJIB 3i 3MiHHOI0 eHTpomi€10: a) «1»; 0) «KCHHXPO»;
B) «0»

[Mpuknan KBa3iTPiHKOBOTO CUTHATY 3i 3MIHHOIO
eHTpomiero a8 iHGOpMauiiHOTO TOBiAOMIICHHS
po3mipom B 1 GaiiT 300paxkeHo Ha puc. 11, ge: I —
cTpyKTypa dpeiima, 11 — peamizartis Gi3HIHOTO PiBHS
eHTpOomniiiHOMaHinmyIpoBaHuX  curHamiB, I —
KBa3iTPIMKOBUI KO MaHIMy/lIbOBaHUX CHTHaJiB, IV
—  XapaKTepHUCTUKH [ 'ayCiBCBKOTO  pPO3IOALTY
CUTHAJIIB 31 3MIHHOIO EHTPOIIIEFO.

Puc. 11 — Ilpukiaan kBa3iTpiiKkoBoro curuajy 3i
3MIHHOI0 eHTpomi€l AJs1 indopmauiitHoro
NOBiOMJICHHS po3MipoM B 1 GaiiT

Ak  BumHO i3 pwme. 11. 3a  momomororo
KBa3iTPIMKOBOTO CHTHAaTy MOXXHa HE 3MiHIIOUH
CTPYKTYpy CHTHAIy OpPTaHi3yBaTH «CTapT» 1 «CTOI»
0iTu, a  TakoX  BUKJIIOYUTH  IOBTOPCHHSA
iHpOpMaliiHUX CHMBOJIB, IO 3abe3neuye sKiCHY
0ITOBY CHHXPOHI3AIIifO0.

ChopMoBaHi  TakUM  YHHOM  CHTPOMIHHO-
MaHIMyJbOBaHI CHTHAJM 4Yepe3 TpPaHCHUBEp S5 3
MepeaBATBHOI0  aHTEHOK 6  JHWCTaHIHO

MePEeAAIOTHCS HA IPUHMAIBHY CTOPOHY .

Ha npwuiimaneHii ctoposri (¢ir. 8) micturbes k-
NpUMajIbHUX aHTEH 3, KOXKHA 3 SKHUX 3IIMCHIOE
MpUiiMaHHs TIEPEIaHuX CUTHANIB 1 iX mepemaBaHHS
Ha TIPUCTPIi OMpAIOBaHHS aBTOKOPENALMINHOI MipH
eatporii 4 [12].  OmpaupoBaHuii  cHUTHAI
nepeacTbesl Ha MPHUCTpPild aemonyisnii OiTie [amya
5, e BimOyBa€eThCs MepeBipKa TaHUX HA TIOMUJIKH, 1X
KOPEKIlisI Yy BHIAAKy HAJBHOCTI TOMIUIOK V
NepeaHux JaHUX Ta TepeaaBaHHs iHopMarii Ha
BiJITIOBi/THI BXOJIM KOHIIEHTpaTopa 6.

B xonmeHTparopi n MOCHIAOBHO MPHHHATHX
oiTiB ["ayya mepeTBOpIOOTHCS B IU(PPOBI MO3UIIHHI
KOAM, SIKi TPEJCTABIISAIOTH TOKa3H BIAMOBIIHOTO
ceHcopa.

5. BUCHOBKHU

Buxnameni mOCTIDKEHHS B Taidy3l CTBOPCHHS
0E3MpOBITHUX CEHCOPHUX MEPEX € MEPCICKTUBHUM
HanpsIMOM Y iX po3BUTKY, KpiM 1IbOro 3acToCyBaHHS
EHTPOMIMHOTO TiAXOMy TpH peaiizamii MeTOIiB
MaHimysarii curHamB Ha ocHoBi IHIIC 31 3MiHHOIO
SHTPOMIEI0 3abesmneuye BHUCOKUH piBEeHb
3aBa/I03aXMIICHOCTI NepelaBaHHs JaHUX B YMOBax
IHTCHCUBHHX TIPOMHCIIOBHX 3aBaj. BukopucraHHS
CUTHAJIBHUX KOPEKTYIOUHX KOZIB Uil (hOpMyBaHHS
Ta nepeaaBaHHs iHpopmanii CTBOPIOIOTh
NEpCIeKTUBY IX IIMPOKOTO 3acTOCYBAaHHSA Ha B
KOMIT'IOTEpHUX  CHCTeMaX, JJIsl  ITiJIBUINCHHS
3aBaJOCTIKKOCTI 1 3aXUCTY BiJl HECaHKI[IOHOBAHOTO
JOCTYTIY.
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Abstract: It is described a systematization of theoretical bases and analytical expressions for evaluation of entropy
measures. It is showed a characteristic of signal corrective codes of Galois field. It is described the use of entropic
manipulation and corrective signal codes in wireless sensor networks. It is founded that entropy approach of applying
the corrective codes of Galois field is the most effective and promising for the formation and processing of signals

during transmission in wireless sensor networks.

Keywords: wireless sensor networks, entropy, corrective signal codes, Galois.

1. INTRODUCTION

In this article the wireless sensor networks are
observed — one of the leading computer networking
technology, which size of markets in 2011 is
amounted to half a billion dollars [1]. The basis of
such networks is a miniature computing and
communication devices — motes (dust particles), or
sensors. A set of sensors used depends on the
functions performed by the wireless sensor networks

12].

2. THEORETICAL BASIS OF ENTROPY
SIGNAL PROCESSING METHODS

In world practice to estimate information entropy
of widely used information measure received by R.
Hartley and K. Shannon. At the same time in
practice, many estimates of entropy, which can be
theoretic basis for methods of formation and signal
processing [3, 4, 5].

Implementation  of models based on
autocorrelation entropy functions allows you to
remove the existing functional limitations that are
present in the calculation of entropy-based
information measures R. Hartley and K. Shannon.
Since the former does not take into account the
statistical distribution flow of information data and
the second considers only the probability of
information sources states and does not consider the
probability of transition from one state to another,
which is implemented in information which assists
in innovation as entropy based on the formula

proposed by prof. Nykolaychuk Y.M. [3, 4, 5].

3. SIGNAL CORRECTIVE CODES IN
GALOIS BASIS

An example of code that have high entropy
features are corrective signal codes in Galois basis
[3].

In some cases, Galois code G, [3, 6] is formed
by recurrent sequence: G,,, =G, ®G, | where n —

bit codon.

When transmitting and receiving information
through signaling codes used manipulated signals
are generated based on four characteristics that set in
line with the elements of notification in accordance
with codes Galois field [6].

It is known method of transmitting and receiving
information based on the modified frequency
modulation (MFM) [8], which uses four signal
features: front increase (A), front drop (V),
corresponding to the character «1» and potential «+»
the potential «-», corresponding to the character
«0».When character «0» repetition for bit
synchronization is also used front increase (A) or
decrease (Vv ). However, this method does not allow
to detect and correct errors. An other way to transmit
and receive information [9] allows to detect and
correct errors when receiving data bit-oriented by
corrective properties of Galois codes without
additional transmission checksum.

When transmitting and receiving information
using manipulated signals formed on the basis of
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four features which are set in line with the elements
of an information message accordingly codes of
Galois field. This principle of formation the signal
code is what would go in the packet data units are
numbered recurrent source Galois G%. And for
items in the package data bit Galois «l» is
transmitted front rise (A) and Galois bits «0» is
transmitted and do joint front (V). Bits of zeros in
the data packets are numbered as a recurrent source
of Galois G*. And for the district left in the packet
data bit Galois «1» is transmitted potential «+» and
Galois bit «0» is transmitted potentials scrap «-». As
the four signs of manipulation in signal level can be
properly used sets of four phases, frequency, noise-
like signals and their combinations.

Error detection is based on bit-oriented
numbering sequence of zeros and odes down
and transmitted using code sequences Galois. If
error found, the formula, where recurrent by check,
which is held positions change the character zero
(one), in the process of data and this symbol is
replaced with the correct [9].Theoretical basis for
improvement noise immunity corrective signal code
shown in [10], based on the detected presence of a
sequence of Galois across level recurrent properties.

4. SPIRAL PROPERTIES CORRECTIVE
CODES IN GALOIS BASIS

May have the Galois code, which seems recurrent
code: G; =1111010110010001111010110... We

can show that code generated on the basis of above
expression can be packed into a spiral, and for each
of the four generators formed recurrent sequence
that has the appropriate recurrent properties of the
code in Galois basis.

The resulting spiral coded recurrent source spins
preserving rekurentnosti over 12 characters, which
allows correct errors in generating a spiral by the

expression: G, =G, ®G,_;.
Given the properties of spiral signal recurrent

code can be effectively used for packet errors
detected.

5. WIRELESS SENSORS NETWORKS

Wireless sensor networks, on transmission side,
has k-sensor nodes at the inputs of which are
sensors. Output of each sensor is connected to a
touch input device formation and digital signal
processing. Registration output connected to the
flash memory registration, and information output
by transceiver connected to the transmitting antenna
and on receiving side are k-receiving antennas. The
outputs of antennas connected to the inputs of the
respective devices processing the received signals.
The outputs of these devices are connected to

corresponding  concentrator inputs. On the
transmitter side of the device formation and digital
signal processing includes the integral-pulse entropy
Galois converter, which includes the converter
voltage / frequency, Galois generator, whose output
is connected to the entropic transducer signal output
which is an information output device. On the
receiving side signal processing device includes a
device definition autocorrelation measure of entropy
and demodulation device of Galois bits.

The wireless sensor network work was based on
the principle of information transmission based on
orthogonal entropy-manipulated signals and code
separated signals in a wireless communication line
and use corrective signal inputs in Galois basis.

Information-measuring data with the object of
arriving at the sensor nodes from transmitting
antenna, namely sensors inputs of sensor node
wireless sensor network.

Output of each sensor is connected to the
corresponding integral-pulse converter entropic
Galois containing transformer type
voltage/frequency pulses whose work tact Galois
generator that code using Galois scale on the vertical
axis forms an asynchronous stream of bits in the
Galois points of intersection quantized values
vertical axis [7].

Then coded data enter in flash memory data
recording and entropy converter that using noise-like
signals and encodes a single zero bit Galois.

The method of formation and processing quasi-
three signals with variable entropy is binary symbols
that alert is assigned the value of entropy
distribution of the signal [11].

Formed thus Entropy-manipulated signals via
transceiver transmitting antenna of remotely
transmitted to the receiving side.

On the receiving side contains K-receiving
antennas, each of which performs receiving of
incoming signals and transmitting them to the device
processing autocorrelation entropy measure [12].
Processing signal is transmitted to the device
demodulation Galois bit, where data errors test and
their correction in case of errors in transmitted data
and information transfer to the respective inputs of
the concentrator.

In the concentrator n consistently taken bits
Galois converted into digital positional codes that
represent the impressions corresponding sensor.

6. SUMMARY

Described researches in the field of wireless
sensor networks is promising direction in their
development, addition of application entropic
approach to the implementation of manipulation
signals methods based noise-shaped signals variable
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entropy provides a high level noise immunity data in
intensive industrial noise. The use of signal
correlation correcting codes for information
formation and transmitting make a wide use of
computer systems in order to increase immunity and
protect against unauthorized access.
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Pestome: Pozenanymo meopemuyni OCHOSU MA CMEOPEHO MemoO CUHME3y CIMPYKMypu OUHAMIYHUX iHPOpMayiiHuX
cucmem i3 30amHicmioo 00 aOAnNmMy8aHHA NPU 3MIHAX npeOmemHOi obracmi. 30amuicms 00 adanmyeanHs
3a0e3neyyemvcs 34 PAXYHOK GUOLIEHHS 8APIAMUSHOT YACTIUHU ANCOPUMMIE CUCTIEMU, WO 3MIHIOIOMbCA NPU 3MIHAX
npedmemnoi obnacmi. Bapiamuena uacmuna aneopummis 3depicaemocs 8 6azi Oawmux cucmemu, wo 3adesneyye ix
WBUOKY 3aMiHy Ma NIOBUWYE HAOIUHICMb CUCeMU HA emani eKcniryamauyii.
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Abstract: Theoretical bases are considered and the method of synthesis of the dynamic information systems structure is
created with a capacity for adaptation at the changes of a subject domain. A capacity for adaptation is provided due to
the selection of a variation part of algorithms of the system that changing at the changing the subject domain. The
variation part of algorithms is kept in the database of the system that provides their rapid replacement and promotes a
fail safety on the stage of exploitation.
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BCTYN [pocroi JIIC, mo BHHHMKAIOTH NPH iX OHOBJIEHHI,
HETaTHBHO BIUIMBAIOTh Ha iX HAMIMHICTH, MOXYThH
MPU3BECTH JI0 MPU3YTTMHEHHS BUPOOHUYHUX MPOIIECIB
Ta 3HAYHUX MaTepialbHUX BTpaT. 30epeKeHHs
HaIfHOCTI Ha I[OMY €TaIli MOKJIMBO JIHIIE 3a
paxyHOK 3HIKEHHS 4acy MPOCTOIB MPH OHOBJICHHSX.
Cy4acHi miIxXou 10 CTPYKTYPHOI OOy IOBH YCiX
IC mepenbavaroTh iHTErpamit0 ycCiX MTpOrpaMHHUX
MOAYJIB Yy OJIWH BENHMKHUH 3a oOcsroM daiin [2, 3].
Taky, mnoOyzoBaHy 3a TpPATUIIMHUM MiIX00M
cTpykTypy IC Ha3BeMO CTATUYHOIO CTPYKTYPOIO.
Tpeba BIAMITHTH, IO caMe CTaTHYHA CTPYKTypa
moOyIOBH  CIpHsi€E BUHUKHEHHIO  HETATHMBHOI'O
¢axTopy, mo 30imbmye yac mpocrtois JIC mpum
oHOBJeHHAX. JlilicHO, yci  anroputMu, IO
peanizyloTh  (QyHKmiOHaNBbHI  MoxumBocTi  JIIC,
BXOJIAITh A0 ckiaay ix [13 Ta He HEBil’eMHHUMU BiJ
HBOTO. [IpH OHOBIICHHSX, 1[0 TOPKAIOTHCS, 3a3BUYAM

Indpopmaniiini  cuctemu, mpeaMeTHa 00JIaCTb
(ITpO) skux 3a3Hae 3MiH Ha eTalli eKCIuTyaralii €
Iy’Ke PO3MOBCIOPKEHUMHU. bynemMo Ha3uBaTH Taki
CUCTEMU JTUHAMIYHAMA iHpopMaIitHIMu
cuctemamu ([IC). TunoBumu npeacraBaukamu J1C
€ o0mikoBi iHdopmaniriHi cucrtemu, [IpO sxux €
rocrojapde 3aKOHOJABCTBO YKpaiHW. 3a IJaHWMHU
JepxaBHOTO YNpPaBIiHHS CTATHCTHUKH, 3arajbHa
KUTBKICTh  MiJIPUEMCTB, 10 BUKOPHCTOBYIOTH
OOJIKOBI cHCTEMH csATae OUTBII HIXK J€B’STHCOT
THCSAY. BomHOowac, sK TIOKa3zanu JOCHIJKEHHS,
3aKOHHM Ta MiJ3aKOHHI aKTH B iil chepi 3MiHIOIOThCS
B CepeIHhOMY OJWH pa3 Ha necath nHIB [1]. Taka
9acTOTa 3MiH, 3B)KAI0UN Ha JTY’KE BEIHKY KUIBKICTH
JIC, mnopomkye mnpoOieMy 3a0e3meucHHS — iX
Oe3mepepBHOiI pOOOTHM TMiJ dYac eKCILTyararfii.
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HE ycCi€l MHOKMHH aJITOPUTMIB, TOOTO wacTku [13,
3MiHU TTOTpedye yce BOHO pa3oM. Lle mpu3BoauTh 10
BHHUKHCHHS TakWX HeraTuBHUX QakrtopiB. [lo-

mepmie, oOcsAr  iHQOpPMAamiHOTO TakKeTy, MIo
notpideH /i oHoBieHHs Takoi [IIC HeBumpaBaaHo
301IbLIYETHCS. Io-npyre, 301IBIIYEThCS,

BINMOBiMHO, W dYac, MmO TMOTpiOeH IS Tepenadi
MMaKeTy OHOBJCHh 1O KOPHCTYyBadiB. Y Tepion
npusynuHeHHs A oHoBieHHsa [[IC gacTtkoBo abo
MIOBHICTIO TIepecTae BUKOHYBAaTH CBOI (YHKIIi, 10
TaKOX CIpHUsA€ 3MCHIICHHIO iX HaIiHHOCTI Ta
BUHHKHCHHIO PH3HKIB aBapiii Ta TEXHOTCHHHX
KatacTpod, OCOOIMBO y ramy3sx Oe3lnepepBHOrO
UKy poOOTH (€HepreThka, TPAHCIIOPT, OAHKIBCHKI
cuctemu). Ilo-Tpere, mepemaua BEIUKOTO 0OCATY
iHpopMarii A0 BENMKOi KiIBKOCTI KOpPUCTYBauiB
oOMeXeHa, TPONMYCKHOI 3[aTHICTIO iCHYIOYHX
KaHamiB 3B’s3Ky. Jlms  3’sCyBaHHS — ICTOTHOCTI
npoOiieM, IO TOPOIDKYIOTBCS LUM  (PaKTOPOM,
posrmsinemo OIC  «Byxrantepcekuii  oOmiK  Ajs
Ykpaiam», sKy pospodieHo dipmoro «1C». Yci
nporpaMHi moxayni Ta ekpanHi ¢opmu wmiei OIC
PO3MILIIEHO B OAHOMY KoMmayHA-(aiii po3mipom
omuspko gecsatu merabait [4]. s OIC mmpoko
BHKOPHCTOBYETHCSI  OUTBIINICTIO MIAIPHEMCTB Ta
opraHizamiii Ykpainu (Oinbine, HIDK JeB’SATHCOT
tucsid). ToOro, mpu oHoBueHHsx 1wiei OIC go
cepBepy 3 (aillloM OHOBIEHH PO3MIPOM Y HECSThH
MerabaliT HaMaraTUMyTbCsS  OTPUMATH  JIOCTYII
Kilbka COTEHb THUCSY aOOHEHTIB  OJIHOYACHO.
3Bakaroun Ha OOMEKeHy IMpOIMyCKHY 3[aTHICTh
KaHATiB 3B’S3Ky, BHUHHUKa€E IpoOieMa 3HIDKCHHS
nazifiHocTi JAIC 3a paxyHOK 30ibIICHHS Yacy Ha iX
obciyrosyBanas JI1C.

HeoOximHicTh mepemadi 3HAYHOTO 3a OOCATOM
NaKeTy  OHOBIEHb  JIO  BEINUKOI  KUIBKOCTI
KOPHCTYBayiB (hakTHaHO eKBiBaJICHTHA
po3MoaiIeHIf ararti THITY «BITMOBA B
ob0cnyrosyBanHi» (DDoS — arami) Ha cepBep
mpoBaiinepa, e po3MilieHi oHOBIeHH:. Sk Bimomo,
aTakd TaKOTO THIY MOXYTh TPHU3BECTH TIOBHOI
BiIMOBH B OOCIyTOBYBaHHI yCiX KII€HTIB, S5Ki
KOPHUCTYIOTbCS TOCIyraMH IIbOTO MpoBaiijepa, IO
MIPU3BOJIUTH 10 TyKe 3HAYHMX (DiHAHCOBHX BTpAT.
Tak, 3a pocmimkeHHsmMu kommanii  Forrester
Research, mposenenmmu y 2009 pomi, sSKmo Ha
cepBepi posmimeni WEB-cepBicu  enekTpoHHOT
KOMepIIii, TO IpU3yITMHEHHSI pOOOTH TaKOTO cepBepa
kormtye Big 190 10 650 TuCsY H0MapiB 3a TOAMHY.

Takum uymHOM, Ha ertami ekcmnyararii JIC
BHHUKAIOThH TaKi IPOTHPITUS:

— MpOTHPIYYS MK TMOTPeOO0  3MEHIICHHS
npocroiB  JIIC wa erami ekcruryaramii Ta
HEOOXIIHICTIO TPUBAJIOr0 MPHU3YIUHEHHS X POOOTH
U BUKOHAHHSI OHOBIIEHb IpH 3MiHax [1pO;

— MPOTHUPIYYS MK HEOOXiTHICTIO OJHOYACHOI
mepemadi  BEIMKHAX 3a 00caroM  iH(QOpMaIiiHuX

makeTiB 11 oHoBieHHS JIIC 1m0 BemuKoi KiabKOCTI
KOPHUCTYBa4iB, Ta OOMEXCHOI0  MPOIYCKHOIO
3MATHICTIO KaHAJIB 3B’S3Ky, IO NPU3BOAMTH JO
3HmwkeHHs HaxiiHocTi JIIC Ha erami ekcrumyararii 3a
paxyHOK  30UNBIICHHS  4acy MPOCTOIB  MpH
OHOBJICHHSIX.

Po3p’si3aTti 11i MPOTHpIYYS MOXKHA 32 PaxyHOK
crierianbHo  moOymoBanoi  crpyktypu  [IC, sxka
JTO3BOJISIE aJITalITYBaHHS CUCTEMH JO 3MIHHUX BHMOT
npeaMeTHoi obnacti. ToMy 3amaya TEOpeTHYHOTO
OOTpYHTYBaHHSI Ta CTBOPCHHSI METOIIB IOOYIOBH
takoi cTpykTypu [IC € akTyanpHOIO.

1. OCHOBHA KOHLEMNUIA
CTPYKTYPHOI nNobyaoBu AiC

OcHoBHa KoHmeMmtis nodyaosu ctpykrypu JIC,
sIKa JTO3BOJISE IIBHIKY aIalTaIlifo MpH 3MiHI BEMOT
[IpO, mnonsrae B BHIICHHI i3 BCi€l MHOXHWHHU
anropuTMiB  00poOku  iHpopmamii B JIC 1i
BapiaTUBHOI MiJAMHOXWHH, caMe sKa W 3a3Ha€ 3MiH

npu 3miHax [IpO. OcCHOBHOIWO  OCOOJHUBICTIO
3allPOMIOHOBAHOI  CTPYKTYpU €  30epiraHss
BapiaTUBHOI MIAMHOXXWHHA  QITOPUTMIB HE B

3araJlLHOMy MpPOrpaMHOMY KO, a BiJIOKPEMJICHO
BiJl HbOTO, B iHpOpMaLiiiHii 6a3i cucTeMHU y BUTTISAL
HEe TPaHCIHOBAHOTO 200 YaCTKOBO TPaHCIHLOBAHOTO
Koy (Tak 3BaHOTO «p-Komy»). Takuii kom 3aitmae
3HaYHO MEHIIE MiCIl, HDK BIAMOBIAHUNA HOMY
TPaHCIHOBAaHWH JABIMKOBIM KOXI, IO BUPINIYyE
mpobjeMy HOro MIBHAKOI Mepedadi J0 BEITHKOI
KiJIBKOCTI ~ KOpUCTYBauiB, 110, SK [OKa3au
JOCTIDKEHHS, IO JBOX pa3iB 3MEHINYE KOCSQIIlieHT
npoctoiB JIIC npu oHOBIIEHHI.

Ha camomy Bumomy piBHi Oyne-sky IC MoxHa
po3riIAAaTd  SIK  CYKYNHICTb ABOX  CKJIaJOBHUX:
mporpaMHOro 3a0e3ledeHHs Ta iHQOpMamiiHO1
basn. KokHa 3 IUX CKIAJOBUX HE iCHYE cama IIo
co0i. [l iX oO’emHaHHS B CHUCTEMY MIX HHUMHU
MOBUHHI ICHYBaTH TIeBHI B3a€MO3B’SI3KH — TEBHI
gactuHU 113 meBHMM 00pa3oM CITiBBiTHOCATHCS 13
neBHuMu 00’ekrtamu 1B, Toxi moxmenb cTpykTypu
Oyap-sikoi IC MoKHA IPeICTaBUTH AK TPIKKY:

S={A,LL}, (D
ne A — wmHokuHa ycix amropurmis JIC, [ -
MHOKHHA ycix CTPYKTYPHHX OJIMHUIIb

inpopmaniiinoi 6asu (Ib), a L — MHOXHHa ycCiX
3B’S3KIB MK QJITOPUTMaMHA Ta CTPYKTYPHUMH
omqununsamu Ib.

Ane y sumaaky JIC, mpu 3minax IIpO, 3minu
miaMHOXMHN A

TOPKAIOTBCA  TINBKH  TIEBHOT

v

BapiaTUBHHX aJTOPUTMIB, IO 3MiHIOIOTECA: A € 4.

[IpoBenennii anami3 0 TOTYXHICTh
MHOXHUHHA AV CKJIaia€ OJIM3BKO IT'SITU BIACOTKIB Bif

IIOKa3aB,

noryxsaocti A . Tak, Hanpukman, B o6mikosiit JIC
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«ArpoKommrekcy» [5], wmicturbest 3aramom 7513
MPOrpaMHUX MOJIYJIIB, IO PEalli3yIOTh AJTOPUTMHU
HIC. 3 Hux BapiaTMBHa YacTHHa CcKiagae 360
aNropuT™MiB, TOOTO Nuie 4,8 BiICOTKH.

Piznuio

A, =AVA,,{a, € Ala, ¢ A}

OyJIeMO Ha3MBaTH MHOXKHHOK CTajHMX ajIrOPUTMIB,
10 He 3MiHIOIThCS 1pH 3MmiHax [1pO.

V cBoro wepry, muokuna [ mis JIIC moxe 6yTu
npencrasiena sk [ =T UR, ne T— mMHOXMHA ycix

v

iHpopmatuBHux Tabmuue 1B, a R — MHOXUHA
HaKONMMYyBaJIbHUX pericTpiB. Tomy wmozens (1)
MOYXHA TIPE/ICTABHUTH SIK:

S={{4,A4,}{T,R},L}. 2

3rigHo 3 mieto Moxaemumo, mpu 3MmiHax [IpO JIIC,
3MiHI ~ IUIATAlOTh  yCi  aNrOPUTMH  MHOXXHHHU
A=A4.UA,, y Toii 4ac, K peanbHO 3MIiHIOETHCS HE

Olmblle T'SITH  BiACOTKIB  airoput™miB. Tomy

BKJIIOYCHHS BapiaTHBHOI miaMHOXWHM A, 1o A

MPU3BOAUTE [0 MPOTHPIYYS MK HEOOXIAHICTIO
OJTHOYACHOI TlepeAadi BENUKHX 00CsTiB iH(hopMarii
mas oHoBieHHs JIIC g0 BemHMKOI  KITBKOCTI
KOpUCTYBauiB Ta  OOMEXEHOI0  MPOIYCKHOIO
3MATHICTIO KaHamiB 3B’sa3ky. Ile, y cBow wuepry,
BUKJIHKAaEe 3HWKEeHHA HamiiaocTi J[IC 3a paxyHOK
301IBLICHHS Yacy IX MPOCTOIB Mi/l Yac OHOBJICHHSI.
Jnst po3B’si3aHHS IBOTO HPOTUPIYYS 3POOHMO
MeperpyyBanis MHOXHH A Ta [ TakuM YMHOM:

A'=A4\4,.

v

Tyt noBa mMuoxuHa A’ yTBOpeHa fK pi3HHISA
MiX 3arajibHOI0 MHOXKUHOIO ycix anroputmi JIC Ta
MHOXHHOIO BapiaTMBHUX alNropuTMiB. PakTHYHO,
€0 OIEepaIfielo MU BITOKPEMIIFOEMO BapiaTHBHY
YacTUHY  BiJl MHOXHUHH  YCIX  QJITOPHUTMIB,
OTPUMYIOUH OKpPEMY CTally iX YaCTHHY:

A'=4..

Bammmok  Bin pisauni A\ A" sBase  coboro
BapiaTUBHY YaCTHUHY JITOPUTMIB, SIKY BKIIOYHMO 10
MHOXHMHH [, YyTBODIOIOYH HOBY DO3LIMPEHY
mHoxkuny 1’

I'=1U(414).
Toni cTpykTypy (2) MOKHA TIEpEITUCATH SIK:
S={A.}{T.RA L} (3)

Crpykrypa (3) BiApI3HAETHCS BiA TPamUIiIHHOL
CTpYKTypu (2) TuM, IO BapiaTUBHI alTOPUTMH
MepeHocAThes A0 ckiany iHpopmauiiinoi 6aszu JIC.
BigokpeMieHHS MHOXHHH CTaJIMX aJITOPUTMIB 3a
Mozaemtio (3) MO3BOJSIE 3BECTH IPOIEC OHOBJICHHS
JAIC nume 10 OHOBJICGHHS Ti€i BapiaTHBHOI

miaMHOXKMHM A, 1m0 3MiHMIacA.

v

I[Ipu yomy

BIIMITUMO, IO TEmep TIPH OHOBIEHHIX 3MiHi
ITiUISTAI0Th HaBITh HE yCi BapiaTWBHI aJITOPUTMU, a

caMe Ta IX JacTka, o 3MiHmiacs. Take OHOBIECHHS
norpedye mepenadi MO KaHaAlaX 3B’S3Ky 3HAYHO
MEHIIIOTO 00CIry JaHuxX (JeKUIbKa JECATKIB
Ki100a#T), 1110 MPU3BOAMTH 0 3HAYHOTO 3MEHIIICHHS
gacy npoctoiB JIC npu OHOBJICHHSX.

Posrisremo tHyuky crpykrypy HIC (puc. 1),
o BixmoBimae mMozeni (3) Ta M03BOJIsE BUKOHYBATH
azganraiito a0 3Min [1pO [6].

Kepytoua migcucrema |
A A

A

InTeprperarop

A4
IIporpamue
3a0e3neveHHs Y

Perictpu | | | |

Indopmauiiina 6aza

Puc. 1 — Crpykrypa JIC 3 BitokpemjieHUM
NPOrpaMHUM KOJA0M

PobGora AIC i3 3MIHHOIO  CTPYKTYpOIO
BimOyBaeThcsi TakuM umHoM [7, 8]. Cucrtema
OTPUMYE 3aIUT KOPUCTyBava Ha BUKOHAHHS Jii, 110
moTpedye poboTH TeBHOTO anroputMmy. Lleit 3amur,
AK 1 B TMONEPEJHHOMY BHIAAKY TPaIUIIHHOT
o0y 10BU AIC, aHATIBYEThCS KEepyI04or0o
MiJICHCTEMOI0, SIKa BU3HAYa€, 10 SAKOi MiJIMHOXKHUHU
aJTOPUTMIB BITHOCHUTBCS IIeH alrOpuTM — 10
BapiaTUBHOI a00 CTaNOi.

Y BUMNanmKy, KOJH aITOPUTM BiTHOCHUTHECS [0
BapiaTUBHOI MHOXXHHH, KEpyroUa IiJCUCTEMa BUIAE
BianoBigauii 3amut g0 CYBJl, ska 3HAXOOuTh B
iHpopMauiiiHiii 6a3i MOTPiOHMH NpOrpamMHUN KOX
BapiaTUBHOTO alITOPUTMY.

Ane nani nporec 3MiHtoeThes. [lo cknamy JIIC,
SKy TOOYyJOBaHO 3a HOBOI CTPYKTypow i3
MOXJIMBICTIO amanTyBaHHS 1m0 3MiH [IpO BXoauTh
HOBa CKJaJ0Ba — IHTEpHpeTyioda IIiICUCTEMA.
3uaiinennii B b [IC xon BapiaTHBHOTO airopuTMy
MepeacThcsl Ha BUKOHAHHS 10 I1i€] iHTepIpeTyrvol
MiacucTeMH. SIK pe3ysbTaT HOro BUKOHAHHS MOXKE
3MIHIOBaTHCh CcTaH iHpopmaniiHoi 6a3u JIC abo
(hopMyBaTUCh 3BIiTH JIJIsl KOPUCTYBayva.

Y Bumagky, KoM Jdis CHUCTEeMH TIOBHHHA
BHKOHYBATHCh CTATHIHUM aJIrTOpUTMOM, podota J[IC
BiIOYBa€ThCsl TaK e, SAK 1 3aBkAu. B 1pomy
BUMAAKYy CHCTEMa TMPOCTO  3BEPTAETHCS  JIO
MOTPiOHOTO MPOTPAMHOTO MOIYJISA, IO BXOIAUTH IO
ckmany II3 HAIC, a pesyapTaT HOro BHKOHAHHS
3MmiHOe (mpu moTpebi) cran Ib, abo BumaeThes
KOPHUCTYBaueBi.

HeoOxinHiCTh 3aCTOCYBaHHS IHTEpIIpeTaTopa Ta
MOB’SI3aHE 3 UM MOXIJIMBE 3HM)KCHHS IIBUAKOIT
CUCTEMU HE MOXKe BB2YKaTHCh BaJIOl0
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3alpONOHOBaHOTO Mmiaxomy. [IpoBemeHi uwWciIeHHI
JOCII/KEHHST JTOBENH, 0 3HW)KCHHS MIBHIKOMIT 3a
paxyHOK iHTeprperaunii He € cyTTeBuM [9, 10, 11].

Kepyroua migcucrema OTPUMYE 3auT
KOpHCTyBaua Ha BUKOHAHHS MEBHOI Jii Ta BU3HAUAE,
70 SIKOi MHOKHMHH aJITOPUTMIB HAJICKUTH AJITOPUTM,
SIKMH TTOBMHEH BHKOHYBATH IIf0 Ait0. SIKmo odpano
QITOPUTM 13 MHOXHWHHU BapiaTHBHHUX, Kepyloda
MmicUCTeMa BHJAE BIAMOBIAHY 1H(OpMALIiO 10
CYB/l, sxa 3Haxomuth B iHGopMariiHiid 6a3i
MOTPiOHWK TIPOTpaMHHM KOJX Ta Tepemae HOro Ha
BUKOHAHHS JI0 iHTepmpeTyrouoi mincuctemu. Ha
puc. 1 mporpaMHi MOyl BapiaTUBHOI i IMHOKUHH
MIOKA3aHO CIpUM KOJBOPOM. IHTepIpeTaTop BUKOHYE
e nporpamHuid koia. Sk pesynbrar  ioro
BHUKOHAHHS MOXKE 3MiHIOBaTHCH CTaH iH(opMaiiHoi
6a3u J{IC abo dopmyBaTuch 3BiTH I KOPUCTYyBaya.
Y Bumamky BHOOPY aiTOPUTMYy 13 MHOXHUHHU
cTatnyHux, podora J{IC BUKOHY€EThCS TpaAULIHHUM
YHHOM — KEpyBaHHS TI€pEeNacThCsl BiAMOBIIHIH
TISHIT TTPOTpaMHOMY KOy, IO € ckiamoBoro 13
AIC.

2. METOA CTPYKTYPHOIO CUHTE3Y
Aaic

Huns moOGymoBu rtHyukoi crtpyktypu JIC i3
3MaTHICTIO JIO aaamnTarlii po3po0JICHO BiaMOBiTHMI
METOJI, KWW TIOJIATa€ B BUIICHHI BapiaTHMBHOI
YaCTHHU alTOPUTMIB Ha miacrasi anamizy [IpO, Ta
peani3yeThCcsl  TOCHTIIOBHICTIO  B3aEMOIIOB’ I3aHHX
€TalliB, KOXEH 3 KOTPUX PO3IUCAHO Ha PiBHI
orepariii Ta eneMeHTapHUX Iiil (puc. 2).

Meroa monArae B TOCTIIOBHOMY BHKOHAaHHI
TaKUX eTalliB: CTPYKTypH3aIlist CHCTEMH;
MOJIEITIOBAHHS YIpaBIiHHS HiICUCTEMaMH;
JEKOMITO3UITisl TMiJCUCTEM Ha CTPYKTYpPHI OJHMHUIIL
BUJIUIEHHS CTPYKTYPHUX OJMHHIb, III0 3MIHIOIOTHCS;
PO3MONLN CTPYKTYPHUX OJMHHUIIb.

Etanm 1 mnoumHaeTrbes i3 aHamizy TEXHIYHOTO

3aBgaHHs Ha po3pooky JIC Ta 1 IIpO.
BuzHnagaetbcsi MHOXMHA enemeHTiB  [IpO  Ta
MPOBagUThC  BHOIp  Ti€l  MAMHOXHUHH, IO
BimoOpaxkaerbcs B JIC, 1m0 mNpOEKTyeETHCH.

HeoOximHicTh 1BOTO €TaIry IOB’s3aHa 3 THM, IO
[IpO [HIC € 6impm mwumpmoro, adik JIC, mo
BimoOpakae mo I[IpO. JIC 3pmatHa BimoOpazutu
mutre GpopmarizoBaHi B3aEMO3B’I3KH MiX 00’ €KTaMHU
ii [IpO.

[icna Bubopy mimMHOxuHU 00’ekTiB [IpO, 1m0
Oyme BimoOpaxatucs y JIC, mpoBamuTbes iX
CUCTEMaTH3allis (kmacTepizartist) 3a
izenTudikaniiHO0 03HaKOIO Kiactepis. Hanpuknaz,
B oOmikoux J[IC takmmm kinactepamu 00’€KTIB €
kimacrepn «byxrantepchkuii 006mik», «[logarkoBuit
00mik», «OmneparuBHuii 007ik». Lle BumineHHS
KJIacTepiB # € 3Mictom omepamii 1.1 Ha puc. 2. Ha

migctaBi aHamizy IIpO ta Bumor T3, oOpani Ha
BOMY €Tami KiacTepu, W OyxyThb BH3HAYaTH
CTpyKTypy Maiibyturoi JIC.

B omepamii 1.2 BHKOHYeThCS  BHABICHHS
B3a€MO3B’SI3KIB MK OOpaHMMU Ha TONEPEIHBOMY
eTami KiacTepaMd Ta (OPMYBaHHS MiJCHCTEM
MaitoytHroi J[IC. B HamoMy BHIagKy TaKUMU
MIJCUCTEMaMH BHCTYIIAaTUMyTh 0OpaHi KilacTepu
I[IpO — «byxranrepcekuii o6mik», «llogatkoBuit
0071K», «OnepaTuBHANA 00TIK.

Ha mpoMy erami cmig matm Ha yBasi, IO
kiactepu [1pO Tta Bignosigui iM migcucremu JIC He
ICHYIOTh caMi IO c00i, a MarTh MiX COOO TiCHI
B3a€MO3B’s13kH. B Hamomy Bumaaky obmikoBoi J[IC
Taki B3a€EMO3B’SI3KM ICHYIOTb MK ITIJICHCTEMaMH
«byxrantepcpkuii 00nik» Ta «llogaTkoBuil 0OTIK».
Ix icHyBauHs BimoOpaxkae B3a€MO3B’SI3KH Mik
BINMTOBITHUMHU po3aitamu  oOmiky B IIpO, mo
BiIOOPa)KEHO B BIAMOBIAHMX HOPMATHBHUX aKTax
Vkpainu. Ha miacrasi omucy IIpO dopmyeTses
MaTpHIls B3a€EMO3B’sI3KiB Mixk kimactepamu [IpO Ta
BignoBimHuM HuM mifcucremam J(IC. B nHactynHin
omepariii 1.3, Ha mimcTaBi BH3HAYEHOI MHOXXHHU
migcucTeM (GOPMYETHCS MATPUIL 3B’ A3KIB MiXK [IUMU
migcuctemMamu. it dopMmyBaHHS — MaTpHIIi
MIPOBOJUTELCSI BU3HAUCHHS OKPEMHX 00 E€KTIB TaKUX
MiICKCTEM Ta BU3HAYAETHCA (3a 03HaKow «0» 4u
«l») HasgBHICTP UM BIICYTHICTH 3B’S3KIB MiX
00’ekTamMM BH3HAYCHHX TMifAcUcTeM. Hampukian,
0o0’ekt mincucremu «byxrantepchkuii 00miK» —
«l'ocnomapceka  omepatist»  Ta  HIICHCTEMH
«ITomarkoBuil 001ik» — «IlomaTkoBi 30008’ A3aHHM
ta «llomaTkoBHH KpeauT» MawTh OJHO3HAYHI
3B’3KM — KOXHa OIlepalisi, L0 MNpOBEIeHa IO
OyxrajirTepchkoMy 00JIiKYy, Mae OyTH BimoOpaXkeHa i
B 00JIIKY [TOJIATKOBOMY.

Ha erami 2 3’sCOBYIOThCS B3a€EMHI 3B’SI3KH MiX
MiICUCTEMaMH, SKi OyayTh BH3HAYaTH IIepeaady
yrpaBiiHHS Ta gaHux B crnpoekropaHiit [AIC. Eran
nojsirae B moOyAoBi aiarpam moTokiB ganux (AI1[1)
MIX TiICHCTEMaMH i MOJISITFOBaHHI Tiepeaadi JaHuX
Ha TiAcTaBi CTBOpeHUX miarpam. IIpu mMomemoBaHHI
BU3HAYAIOTbCS TUMH Ta CTPYKTYpH MOaHUX, IO
UPKYJIOIOTh MK migcucreMamMu MaioyTHboi JIC.
Crig BiAMITHTH, IO T JaHUMH Ha IILOMY eTarli
MalOThCs. HA yBa3l HE TINBKH €JIEMEHTApHI THIIH,
Taky, SK YUCIO, PAJOK Ta iHmi. MiX OKpeMuUMH
miicucteMaMd MOMJIMBHH OOMIH OLIbII CKIIaZHO
arperoBaHUMH JIaHUMH — KOJIEKIIi Ta CTPYKTypH
pi3HOTHIHMX 3Ha4YeHb. Ha erami 3 BUKOHY€ThCS
nojanbplia  JAeTamizamisi  CTpyKTypH.  Temep
NETANI3yEThCSI  BHYTPINTHSA  CTPYKTypa OKPEMHX
migcucreM. MeTOI0 LBOTO eTaly € BHU3HAYCHHS
ckimamy miacuctemu Ta ii  cTpykrypu. Ckian
MMJCUCTEMH BU3HA4Ya€ HaOip IPOTpPaMHHUX MOIYIIB,
IO BUKOHYIOTH OCHOBHI QJITOPUTMH IO 00poOIi
JaHUX.

248



Svetlana Antoschuk, Dmitry Maevsky / Computing, 2012, Vol. 11, Issue 3, 245-254

Eran 1
®opMyBaHHS 3arajJbHOL
CTPYKTYPH CUCTEMHU

Onepaist 1.1 Anagis T3 |
Bubip miMHOXXHHA KiacTepis v
IIpO, mo BinoGpaxaroThCs HA | AHaﬂl; 1IpO |
IC ——
4 | Knacrepizauis I[IpO |
v

| InenTHdikamis kmacrepis

A

y

InenTudikaris
KJIACTepiB Ta iX

Oneparris 1.2

Ha migcuctemu JJIC

/ BimoGpaxxenns knacrepis Ha T3 |
B32€EMO3B’SI3KIB v
BiI06paKeHHs @dopmyBaHHS MaTpHL 3B’ SA3KiB
KJIacTepiB
v

| ®dopMyBaHHSI MHOXKHHH M1JICUCTEM

A

Onmneparris 1.3
Busnauenns B3aemoii
migcucrem JIC

Bigo0OpakeHHs KiacTepiB Ha

7

HiI[CI/IvCTeMI/I

dopmyBaHHSI MaTPHII 3B’ SI3KIB
y

TiACUCTEM
\4
Etan 2 Omneparis 2.1 Bu3HaueHHS MHOKHHU TTapaMeTpiB
MognesroBaHHsl yIIpaBIiHHS IToGynoBa miarpamMu MOTOKIB MiZCHCTEM
i ICUCTEMaMK nmaaux (II1]T) A 4
T | To6ynosa JIT1]] |
Onepartis 2.2 /v{ Bubip MeTomy MomemoBaHHS |
MopenoBadHs OTOKIB 110 A 4 i
(L) | MopenoBanHs IIOTOKIB |
y
Eran 3 Onmeparris 3.1 BusHaueHHsI MHOXKHHHI

JlexoMIo3uIlis migcucTeM Buninenns cy6

knactepis [IpO Y

cyOKJacTepiB

| BuznauenHs ckiany cyOkiiactepiB

!

Onepauist 3.2 ®DopMyBaHHS MHOXHHU
Bino6paxenHs cyOki1acTepisB Ha Y CTPYKTYPHHX OIWHUIID
CTPYKTYpY TiacHCTEM v
| dopmyBaHHSI MaTpUL 3B’ I3HOCTI |
A4
Ertan 4 Omnepauis 4.1 Amnauri3 KimeKicHEX 3MiH [IpO |

Buninenns BapiaTuBHOT
MHOXUHH CTPYKTYPHHX

Amnaniz guaamiku [1pO

\ 4

Amnami3 ctpykrypHEX 3MiH [IpO
A 4

OJIMHMIIb

A

o
|

®opmysannas UM3 [1pO

y

Omnepartist 4.2
Po3moain CTpyKTYpHUX OJJMHUIIb

Bimo6paxenns UM3 Ha CTpyKTYypy

MICUCTEM
4

| Posmnonin oguHuLb

Puc. 2 — Etanu crpykrypHoro cunre3y JAIC

CTpyKTypy MHiJICHCTEMH BHM3HA4alOTh B3a€MHI
3B’SI3KM MK IIUMH MoAyismu. B omepamisx 3.1 ta
3.2 Taki MOy MO3HAYCHO SK «CcyOkKimactepm». Ha
etari 3.2 3’1coBy€eTbesl CTYIIHD 3B’ a3HOCTI (C3) Mik
OKPEMHUMH MOJYJISIMHU TiACUCTEMH. ICHY€e ciM TUMIB
3B’s13HOCTI [7]:

1. 3B’s3HicTh Mo 30iry (C3 = 0). BigcyTHi sBHO
BHpaXCHI BHYTPILIHI 3B’ S3KH.

2. Jloriuna 38’s3HicTh (C3=1). YacTuHU MOIyms
00’ enHaH1 3a MIPUHITATIOM (hyHKIIiOHATBHOT
IMOIi0OHOCTI.

3. Yacosa 3B’s3HicTh (C3=3). UacTuau mMomyis
He TI0B’513aHi, aje MoTPiOHI B OJUH 1 TOH Ke mepion
poOOTH CHCTEMH.

4. Tlponenypua 3B’s3HIiCTh (C3=5). Yactunum
MOJTyJISI TIOB’sI3aHi MOPSIKOM BUKOHYBAaHUX Mii, 10
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peanizoByIOTh ACSIKAN CIIeHAPii TTOBEIIHKH.

5. KomynikatuBHa 3B's3HicTh (C3=7). YacTuHu
MOJTYJIS TTOB’sI3aHi 32 TJaHUMHU (TIPALIOIOTh 3 OJIHIEIO 1
TI€I0 K CTPYKTYPOIO TaHUX).

6. Iadpopmariiiina  (mMOCHiZOBHA) 3B SI3HICTH
(C3=9). Buximgui JaHi oHi€el YaCTHHHU
BHKOPHCTOBYIOThCS SK BXigHI B IHIIIH 4YacTWHI
MOJTYJISL.

7. ®yHKIIOHANTbHA 3B’SI3HICTH (C3=10).
YacTuHU MOIYIISI pa30oM pealtizyloTh OHY (YHKIIIFO.

Jist  BuU3HA4YEHHS PIBHA 3B’SI3HOCTI  MOTYJIS
(moxazauka CC) BHKOPUCTOBYETBCA aJTOPUTM,
3anpornoHoBanuii B [8]. BiH MicTUTh HacTymHI

KPOKH:
1. flkmo Moxmynb — OAWHWYHA MPOOIEMHO-
opieHtoBana  (Qynkuis, 1o CC=10; «xiHenp

anroputMmy. IHakiie nepeiTd 10 NyHKTY 2.

2. Sxmo il ycepemuHi MOIYyJS TIOB’sI3aHI MiX
coboro, TO mepedTn 10 nyHKTY 3. Skmo mii
yCepeArHI MOMYJIS HE3aJeKHi, TO TMEPeUTH 10
MyHKTY 6.

3. Skmo mii  ycepeawHi MOXIYyJS IOB’s3aHi
JAHUMH, TO TICPEHUTH JI0 MTyHKTY 5.

4. dxmo il ycepenuHi MOAYJs TOB’s3aHI
ITOTOKOM YIIPaBIIiHHS, IIEPEUTH 10 MyHKTY 5.

5. Slkmo TOpAAOK A ycepemuHi  MOays
BaxauBuii, To CC = 9, imakmre CC = 7. Kinenp
aNTOPUTMY .

6. SIkmo TmopAmOK Oifl  ycepemuHi MOy
paxmuBuii, To CC = 5, inmakme CC = 3. Kinensn
ANTOPUTMY .

7. SIkmo naii ycepeauHi MOIYJIS HaJeXaTh 0
omniei kateropii, To CC = 1. Sxmo gii ycepenusi
MOJyJIS HE Halle)kaTh 70 OjHiel kareropii, To CC =
0. Kimernp anroputmy.

Ha erami 4 BHKOHY€TbCS PO3MOAIT MHOXHUHHU
MOJYJIiB KOXKHOI IiJCHCTEMH Ha BapiaTUBHY Ta
crtaiy miaMHOXKWHHU. Jlnms 1mporo B omeparii 4.1
BUKOHYEThCS 4YacTOTHHH aHamiz 3miH [IpO #
OyIy€eThCs YaCTOTHA MATPHIISI-CTOBIICIL 3MiH, SKa
JUIE KO’KHOTO MOJYJIO0 TIOKa3y€ BiIHOCHY YacTOTY
tioro 3miH mpu 3MmiHax IIpO. BimHocHa dacroTa
OOYHCITIOETHECS SIK BIOHOIIEHHS KUIBKOCTI 3MIH
3aJJaHOTO MOJYJII0 [0 3arajbHOi KiJTBKOCTI 3MiH
IIpO.

B omeparii 4.2. BnacHe # BUKOHYETHCS PO3MOILT
Ha BapiaTUBHY Ta Ccrajny mOiAMHOXuHY. [lo
BapiaTMBHOI MiAMHOXXWHU BWHOCATHCS ANTOPUTMH,
0 MAaloTh HAWMEHIIMH CTYIiHb 3B’SA3HOCTI Ta
HaOIIbLIY YacTOTY 3MiH.

Chipg  BIOMITHTH, 1[0 OUIBIIICTH  €TaliB
3aMpoIOHOBAHOTO  METOAY HE MOXYTh OyTH
¢dopmamizopani. ToMmy moOyJ0Ba aBTOMATUYHOI

cucreMu cTpykrypHoro cuaresy JIC Ha cporozHi €
HEBHPIMICHOIO TIPOOIEMOTO.

3. NIPUKNAL PEANI3AUII METORY
CTPYKTYPHOIO CUHTES3Y AIC

3anpoIrOHOBAaHUN METOJ CTPYKTYPHOTO CHHTE3Y
peaiizoBaHo Tpu  CcTBOpeHHI  obOmikoBoi JIIC
«ArpoKommnekc» s aBToMaTH3auii ycix BUIB
00JTiKy Ha CUTBCHKOTOCHOJAPCHKHX ITiIPUEMCTBAX.
OOniK 'y CiTbCBKOMY TOCIONAPCTBI Ma€e  JTyxe
ckragny [IpO, omuc sKkoi HaBOAMTHCS SIK B
3aKOHOJIABYMX aKTaX YKpaiHHM, TaK 1 BeJIHKii
KUTBKOCTI IMiI3aKOHHUX 1HCTPYKIIH Ta ITOCTaHOB
pi3HuX BiomcTB. Lle poOuTs aBTOMAaTH3AIII0 00Ky
y  CUIBCBKOMY  TOCHOAAPCTBI  CKJIQJHOI  Ta
TPYAOMICTKOIO 3a/1a4€l0.

Meroro CTBOpEHHS 3HaTHOI 1O  ajamTallii
CTPYKTYpH AIC «ArpoKommiexcy Oyna
HEOOXiMHICTh  3a0€3MeunTH  3HWKEHHS  Yacy

MIPOCTOIB CUCTEMH TIpH Takux 3MmiHax [1pO:

— 3MiHa aNrOpUTMIB MPOBEACHHS ICHYIOUHX Ta
CTBOPEHHS HOBHX IOCIIOJApCHKUX OMepalliii;

— 3MiHa 0OpaHOi MiANPHEMCTBOM CHCTEMH
OIOJATKYBaHHS;

— 3MIHH CTaTeil MOJaTKOBOTO OOJiKy mpHu
MIPOBEICHHI TOCTIONAPCHKUX OTepariiii;

— MOXJIMBICTE BHOOPY, 3MiHH a00 CTBOpPCHHS
BJIACHUX JITOPUTMIB HaJaHHS MUILT MPH CTSATHEHHI
MOJATKOBUX KOIUTIB;

— MOXIUBICTh BUOOPY Ta 3MiHH iCHyrOUuX abo
CTBOPEHHSI HOBUX IIPAaBUJI PO3MEXKYBaHHSA JOCTYILY
110 00’€KTIB Ta qaHux iHpopmarriinoi 6a3u J11C.

[Mpaktuuna excryatauis AIC «ArpoKomruiekey
B JOeB’aTH rocmozapctBax Opeckkoi obnacti
mokazana, mo mobymosa JIIC 3a 3ampormoHOBaHOIO
CTPYKTYPOIO I03BOJIMJIA CKOPOTHTH Yac MPOCTOiB Ha
OHOBJIECHHA uepe3 Mepexy IntepHer. Tak,
HalpuKjIaa,  BIOpoBaKeHHs  obmikoBoi  J[IC
«ArpoKommiiekey i3 THYYKOIO CTPYKTYpOIO, B SIKiif
NrOpPUTMH 00POOKH, IO 3MIHIOIOTHCS BUHECEHO IO
ckimany ©0a3m  gaHmx go3Bomwio B 1,87 pasm
CKOPOTUTH 4Yac #W KOeQillieHT TPOCTOIB MpH
OHOBJICHHI 4epe3 Mepexy [HTepHeT Ta 3MEHIIUTH
o0csar iHpOpMaIiifHOTO TakKeTy OHOBIeHb 3 §,1
Moaiit no 196 Koaiit.

BmpoBamxennss  [IC  «ArpoKommieke» i3
THYYKOIO CTPYKTYPOIO B CLIBCBKOTOCHOIAPCHKOMY
mignpueMctBi «Arpomigep T-7» (M. Tarapbynapu
Opecpkoi 00xacti) i3 MIAKIIOYEHHSM JI0 MEpEexi
[HTepHeT uepe3 3BUUAiiHy TeneQOHHY JIHIIO 3B’ SI3KY
JTIO3BOJIMJIO CKOPOTHUTH KOE(QII[iEHT MpPOCTOiB Ha
OHOBJIEHHA duepe3 B 3,2 pa3suw NpuU TOMY XK
3MeHIIEeHHI 00cAary iHdopMauiiiHoro mnakery. Jlis
MOPIBHSIHHS ITOKa3HUKIB BUKOPHCTAHO aHAJIOTiUHY
3a MPU3HAYCHHSAM cepiiiHy iH(MOpMAIiiHy CHCTEMY
«1C:Ilpenmpusitue 8. YnpasneHue
CENIbCKOXO3SMCTBEHHBIM TIpentnpusitueM» Qipmu 1C
[12].
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4. BACHOBKMU

B crarri  oOrpyHTOBaHO  mpobiemMu  Ta
MIPOTUPIYYS, 10 BUHUKAIOTH HA €Talli eKCILTyaTarii
TUHAMIYHUX 1HQOPMAIIHHAX CUCTEM TIPU 3MiHaX iX
npeaMeTHoi oOmacti. [lokasaHo, IO 3MEHIICHHS
yacy mnpoctoiB npu oHoBieHHAX [IC wmoxnuse
TITBKH 332  pPaxyHOK  CKOpPOYEHHS  00csaTy
iHpOpMaIIHOTO TaKeTy, SKWH TepelacThes Bij
po3poonuka HIC no xopucryBauiB. Po3pobieno
KOHIIETIII0, 32 SIKOI0 YacTHHA MPOrPaMHOrO KOIY
JIC 30epiraeTbcs K TEKCT B 0a3i JaHUX CHUCTEMH,
IO JIO3BOJIAE 3MIHIOBATH JIMIIE OKPEeMi JUISHKA
nporpamHoro 3abe3neueHHs [[IC. CtBopeHo MeTon
mooymoBu  JIC i3 THYYKOIO, 3HaTHOIO IO
amantyBanHs npu 3miHax [IpO  cTpykryporo,
BUKOPUCTAaHHS $SIKOi TMPHU3BOJAUTH 1O 3MEHIICHHS
4acy MPOCTOIB Ta 3a0€3IEeUEeHHs, 32 PaXyHOK IbOTO,
HaJIIHHOCTI MpH iX eKcIuTyaranii; Ha 6a3i CTBOpeHOi
KoHIenuii po3pobneno meroau modOymosu HIC i3

THYYKOIO CTPYKTYPOIO TSt 3a0e3MeYeHHS
HamifHOCTI TIpH IX OHOBJCHHSAX Ha  eTami
eKCIUTyaTarlii.

[x  BUKOpHCTaHHS  [03BOIMIO  PO3B’S3aTH

MIPOTHPIYYST MK TOTPEOOI0 3MEHIIEHHS TPOCTOIB
JIC nHa erami ekciutyaTamii Ta HEOOXIJHICTIO
TPUBAJIOTO  MPHU3YNUHEHHS ix  pobOoTm s
BUKOHAHHS OHOBJeHb Tipu 3MmiHax [IpO, a Takox
NPOTUPIYYs  MDK  HEOOXIHICTIO  OJHOYACHOI
nepegadi  BEJIMKHX 33 00CiIroM iHpopMariitHux
makeTiB a1 oHoBieHHsA JIIC 10 BEMHMKOI KITBKOCTI

KOPUCTYBadiB, Ta OOMEXKCHOI  IIPOIYCKHOIO
3/IaTHICTIO KaHAJIiB 3B’ S3KY.
IIpakTuune BIPOBAI>KEHHS AIC i3

3aMpONOHOBAHO CTPYKTYPOKO JOBEIO MOXKIIUBICThH
30inbIneHHs HamidHocti JIIC Ha eTtami ekcrutyarariii
32 PaxyHOK 3HW)KEHHS Yacy MpPOCTOIB TpHU
OHOBJICHHSX.
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AHmouwyk CeimnaHa
puzopieHa, dupekmop IKC
OHI1Y, 3asidytoua kKaghedporo
iHGbopmayitiHUX cucmem,
0.m.H., npogpecop. [licns
3aKkiH4eHHs e 1981  pouj
Odecbko20  MOMIMEXHIYHO20
iHemumymy (3apa3 — OHIY)
npaurosana 8 HBEOMY.
lMpodwna wrisix eid iHxXeHepa
ma acucmeHma 0o npogpecopa. B 2005 poui
odepxana Haykosy cmyriHb OOKmopa MeXHIYHUX
Hayk ma e4yeHe 38aHHs rpoghecopa kaghedpu
iHgbopmayitiHuXx cucmem. HazopodxeHa
HaegpyOHumu 3Hakamu MOHY «BiOmiHHUK ocgeimu

YkpaiHu» ma «3a Haykosi 0OoOCs2HEeHHs» ma
epamomamu  MiHicmepcmea oceimu | HayKku
YkpaiHu. Aemop 6inbw 150 Haykogux ma HayKo80-
mMemoOuYHUX pobim

Copepa Haykosux iHMepecie — agmomamu30o8aHi
ynpaenswdi cucmemu 3 06pobKoro  8i3yasibHOI
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iHbopmauii;  iHgbopmauitiHi
Wwmy4Ho20 iHmersekmy.

cucmemu,; cucmemu

Maeecbkuii Amumpo AHQOpI-
uoeuy, 3aeidyroyuli Kagheo-
PO MeopemuyHUX OCHO8 ma
3aearnbHOl  efleKmpomexHiku
OHI1Y, k.m.H., doueHm. B
1973 nocmynus, a 8 1978 poui
3 eid3HaKow 3akiH4yus OOde-
CbKul ronimexHidHul iHcmu-
mym (3apaz - OHI1Y).
: lpayrosas Ha kaghedpi meo-
PEMUYHUX OCHO8 eJIeKmMPOMeXHIiKU (HUHi — meope-
MUYHUX OCHOB ma 3a2allbHOi eJIEKMPOMEXHIKU) Ha

rnocadax acucmeHma, cmapwoao e6uknadada, Oo-
ueHma. B 1986 poui 3axucmus kaHOUOamChKy
ducepmavuito, rnpucesiyeHy po3pobui  mMemodie
rnpoekmysaHHsl OpyKosaHuUX riam obyucsioearnbHOT
mexHiku Hadsucokoi weudkodil. B 1991 poui
ompumaeg 38aHHsi doueHma. 3 2005 poky odyosoe
kaghedpy.

Copepa Haykosux iHmepecie — HalilHicmb
rnpozgpamHo20 3abesredyeHHs, nepexioHi npouecu 8
rosiockosux  fiiHiax  38’a3ky. Onybriikyeae 46
Haykoesux npaub ma 20 MemoOUYHUX 8Ka3i8OK.
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Abstract: Theoretical bases are considered and the method of synthesis of the dynamic information systems structure is
created with a capacity for adaptation at the changes of a subject domain. A capacity for adaptation is provided due to
the selection of a variation part of algorithms of the system that changing at the changing the subject domain. The
variation part of algorithms is kept in the database of the system that provides their rapid replacement and promotes a

fail safety on the stage of exploitation.
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1. INTRODUCTION

The article is dedicated to the description of the
method of synthesis of the structure of dynamic
information systems (DIS). Dynamic information
systems mean information systems subject domain
(SD) of which changes at the stage of exploitation.
At present time DIS are most widely used systems.
At the same time, there is a necessity of frequent
alteration of DIS which leads to temporary
interruption of its work. Timeouts of DIS which
happen during the alterations reduce their reliability,
may lead to interruption of industrial processes and
significant material losses. Retention of the
reliability is only possible through the timeout
reduction during the alterations.

Retention of the reliability may be made possible
by means of a specially designed DIS structure
which allows adaptation of the system to the varying
requirements of the SD.

2. MAIN CONCEPT

Basic concept of designing a DIS structure which
allows fast adaptation for changed requirements of
SD is in the selection of a variable subset of
algorithms, which change during the alterations of
SD, from the multitude of algorithms for data
processing. It is suggested to save the program codes
of variable algorithms in the system database (DB)
in the form of source of partly compiled code («p-
codey).

During DIS updates it is enough to alter one or
several variable algorithms in the DB. Main program

DIS modules will not be changed which allows
sending smaller update data packets to the users.

3. DIS STRUCTURAL SYNTHESIS
METHOD

Operation of DIS with the suggested structure is
illustrated in the fig. 1.

User’s query is analyzed by the managing
subsystem for determining the subset of the
processing algorithms.

If the algorithm is variable, it is extracted
from the DIS DB and is handed over to the
interpreter. Constant algorithms are carried out
immediately.

To design the structure of DIS which allows
adaptation for changed requirements of SD a method
of structural synthesis was developed (fig.2).

Its objective is to form a variable subset of
algorithms.

Variable algorithms refer to DIS algorithms
which have the least connectivity with others and are
the most changed.

4. EXAMPLE OF STRUCTURAL
SYNTHESIS METHOD

Suggested method of structural synthesis is
realized in the account DIS «Agrocomplex» for
automation of all kinds of accounting at the
agricultural enterprises.

Practical exploitation of DIS «Agrocomplex» at 9
enterprises of Odessa region has showed that
designing a DIS with the suggested structure
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allowed reducing the coefficient of timeouts from
1,8 up to 3,2 times as well as diminishing the size of
the updating data packet from 8,1 MB up to 196 KB.

5. CONCLUSIONS

A concept and method of DIS design with a
flexible and adaptable at the changes of SD structure
is presented in the article. It allowed reducing of
timeouts and increasing of these systems reliability.

This approach made it possible to solve the
controversy between the necessity of system
program updating and reducing the timeouts of
DIS. Reducing the size of data packets and
dicreasing of requirements for the network
equipment are the advantages of the suggested
system.
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Abstract: Curvelet transform is a promising tool for multi-resolution analysis on images. This paper explains a new
approach for facial expression recognition based on curvelet features extracted using curvelet transform. Curvelet
transform is applied on the database images and curvelet coefficients are obtained for selected scale for image
analysis. Facial curvelet features are compressed using singular value decomposition (SVD) approach. Back
propagation neural network (BPNN) and Adaptive Neuro-Fuzzy Inference System (ANFIS) are used as classifiers for
classifying expressions into one of the seven categories like angry, disgust, fear, happy, neutral, sad and surprise.
Experimentation is carried out on JAFFE database. The experimental results show that the novel approach is a better
option for extracting feature values and classifying facial expressions.

Keywords: Facial expression recognition, Curvelet transform, SVD, BPNN, ANFIS.

1. INTRODUCTION

The area of Human Computer Interaction (HCI)
plays an important role in resolving the absences of
neutral sympathy in interaction between human
being and machine (computer). HCI will be much
more effective and useful if computer can predict
about emotional state of human being and hence
mood of a person from supplied images on the basis
of facial expressions and will be considered as boon
for vision community. An Intelligent Biometrics
systems aims at localizing and detecting human
faces from supplied images so that further
recognition of persons and their facial expression
recognition will be easy. For classifying facial
expressions into different categories, it is necessary
to extract important facial features which contribute
in identifying proper expressions. Recognition and
classification of human facial expression by
computer is an important issue to develop automatic
facial expression recognition system in vision
community. In recent years, much research has been
done on machine recognition of human facial
expressions [1-5]. In last few years, use of
computers for Facial expression and emotion
recognition and its related information use in HCI
has gained significant research interest which in turn
given rise to a number of automatic methods to
recognize facial expressions in images or video [6-
10].Multiresolution  analysis  techniques like

wavelets are generally used in computer vision areas
including facial expression recognition and face
recognition [11][12][13].Many results have been
achieved with wavelet transform in signal
reconstruction, image analysis, facial expression
recognition, etc, but wavelet transform has
significant limitations in representing image edges
as reported recently in [14][15]. This is due to a fact
that wavelet transform can only reflect the point
singularity and specialty, but difficult to express
characteristics for curves and edges. In image
processing, the basis of wavelet applied is
isotropous, due to which it is unable to express
directions of image edges accurately and sparse
representation of images. Therefore, it is difficult to
represent the important characteristics of facial
contour and curve features using the wavelet. In
order to overcome these limitations of wavelet
transform, a new multi-scale analysis tool-Curvelet
transform, is proposed recently [14]. Curvelet
transform has good time-frequency localization
characteristics, and can describe gradually to any
details for an object and it can characterize the facial
local information effectively.Though there are
several basic results on image denoising,face
recognition and palm print recognition using the
curvelet features [16][17][18][19]. To best of our
knowledge, there is little research on facial
expression recognition with curvelet transform uptil
now [20]. This paper focuses on the use of curvelet
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transform features compressed using SVD(Singular
Value Decomposition) for expression recognition
using ANFIS (Adaptive Neuro-Fuzzy System ) and
Back propagation Neural network (BPNN) classifier
and presents comparative analysis of two classifiers
for curvelet-SVD features.

2. CURVELET TRANSFORM

The first generation of curvelet transform was
proposed by Candes and Donoho [21] in 1999. In
order to make the implementations simpler, faster
and less redundant, the second generation of curvelet
transform is proposed in 2006 [14]. It’s an effective
analytical method for multiresolution, band pass and
directions that are considered as three important
characteristics the «optimal» image representation
should have from the perspective of biological point
of view. Therefore, the curvelet transform has better
representation capability than wavelet transform for
image edges. Curvelet tiling in the frequency
domain (left) and spatial domain (right) is as shown
in Fig. 1. The scale and angle segmentations in
curvelet transform are shown in Fig.2.There are two
different digital implementations for curvelets; one
is based on the USFFT (Unequispaced Fast Fourier
Transform) and the other is based on wrapping idea
[14]. In this paper, we select the one with USFFT for
implementation simplicity and the algorithm is
described as follows [14].

—
|
|

R

Fig.1 — Curvelet tiling in the frequency domain (left)
and spatial domain (right) [14]
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Fig. 2 — The scale and angle segmentation of Curvelet
transform [14]

Suppose that we have a two dimensional discrete
function

i " . ) .
Flt. ) with 0= t.£ <n

1. Apply the 2D FFT and obtain Fourier samples

E { Yo—iImlingty +natdin
flxti.t:_,lg ity == n

n/2 1)

f:-"': ] =

-
n

b

—n/2 = n.n <

I

-

2. For each scale/angle pair (;.0} resample (or
interpolate) #ln, .n,] to obtain sampled values

foring . ndep; 2

f:n:.n;—n;:anﬁi] . o

where z; is defined in [14]

3. Multiply the interpolated object 7 with the
parabolic window {;[n, ,n,] defined in [14] and
obtain -

f;‘;:ﬂ:.ﬂ:] = f:ﬂ::ﬂ:_ﬂ:fﬂﬂﬁg]S;':ﬂ:.."]:] (3)

4. Apply the inverse 2D FFT to eachf;;, hence
collecting the discrete coefficients 7}, 1, k!

3. FACIAL FEATURE EXTRACTION
3.1 SINGULAR VALUE DECOMPOSITION

SVD[22] is an effective algebraic feature
extraction method used to compress the image
features for reducing dimension. Here image is
decomposed into a singular value matrix containing
only a few non-zero values.

If matrix 4 = F™*"
orthogonal matrices:

then there exist two

U= lug gty ] 8 BT

I

= :“:-f’:----.lf‘_v,] e gME (4)

r

Which makes,
A=UL v (5)
where,

. . g
E = a:ag[c:.a: e G | = minkm,al,

0y = g & 0

zo, =0, 00 =1.2,...0)

are all non-zero singular values of matrix A. They
are the square root of the Eigen values of the 447 or
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A4 and

a; = 4[4 (6)

3.2 FEATURE EXTRACTION USING
CURVELET AND ITS COMPRESSION
USING SVD

SVD is used along with Curvelet [23] for
extracting and compressing image facial features
successfully. As mentioned in [14][24], wavelets are
only suitable for detecting singular points in an
image and fail to represent curved discontinuities
along edges. On the contrary, the curvelet transform
can represent the curved changes. In image
processing, the edges in an image represent
significant information which can be used for
representation and recognition. One significant
advantage of curvelet over wavelet is that curvelet
includes the detailed information on edges. Curvelet
transform is successfully used for face recognition
problems but very little contributions arises as for as
use of curvelet transform for expression recognition
is concerned. Following steps are used to extract
facial features-

i) The curvelet transform is performed for each
facial expression image using algorithm
mentioned in section II.

ii) The coarse, detail and fine coefficients are
obtained.

iii) SVD is applied to compress the coefficients.

The reconstructed images with each layer are
shown in Fig. 3. From Fig.3, we can find that the
detail layers represent the image sketch quite well,
and include much richer information than that in the
low and high frequency parts. In order to analyze the
curvelet coefficients, we need a face image’s
expression region with resolution ™ = dyadic. The
images are then decomposed using the curvelet
transform with scale = given as —

= lng;'ﬁﬂj -3 (7)

The inner layer is a coefficient matrix
corresponding to the low frequency of 32x32, and
the external layer is coefficient matrix for high
frequency of nxn, and the middle parts are detailed
layers. For experimentation cropped face image is
then resized to size 256=256 pixels. Real valued
Curvelet decomposition is achieved in 5 scales.
They are low frequency, first detailed layer with 64
directions, second detailed layer with 32 directions,
and high frequency respectively. The size of matrix
we get after curvelet decomposition is small
compared to the original image size. Even then this
size is still very high to use it as feature matrix

therefore feature compression is achieved using
SVD by using same procedure mentioned in section
32 diagonal

. A, selecting first curvelet

coefficients.

Fig. 3 - (a)-(f) original image, cropped face, low
frequency, detail 1, detail 2 and high frequency parts
respectively

4. EXPRESSION CLASSIFICATION AND
RECOGNITION

4.1 BACK PROPAGATION NEURAL
NETWORK FOR EXPRESSION
RECOGNITION

The back propagation algorithm is one of the
simplest and most general methods for supervised
training of multilayer neural networks [25]. Fig. 4
shows the architecture of BPNN.

Hidden lawer’

Chytput laver

Irput layer Hidden layerl

Fig. 4 — Architecture of BPNN

4.2 ANFIS FOR EXPRESSION
RECOGNITION

ANFIS proposed by Jang [26] are a class of
adaptive networks that are functionally equivalent to
fuzzy inference systems. It represent Sugeno
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Tsukamoto fuzzy models and uses hybrid learning
algorithm. Fig.5 shows architecture of ANFIS
model. Thirty-two feature values obtained using
curvelet-SVD method are given as an input to the
ANFIS model. Initial FIS Structure is generated
using grid partitioning method. Here, feature vector
data is partitioned into eight groups with four inputs
each. Eight ANFIS models are constructed which
takes four inputs each. Three Gaussian bell
membership functions are associated with each input
in order to model the variation of input values
(small, medium and large), so the input space is
partitioned into fuzzy subspaces. In all 81 rules are
generated for an ANFIS model. The premise part of
a rule describes a fuzzy subspace, while the
consequent part specifies the output with in this
fuzzy subspace.

Layer 1 Layer2 Laiyer 3 Layerd Layers

Fig. 5— ANFIS architecture for 4 inputs, 3
membership functions

Output of layer 5 of each model is given as input
to maximum occurrence finder (Fig. 6) which finds
the maximum occurrence value of particular
expression. For example, output of any five models
is angry, one model give neutral and remaining two
models give fear expression as output then
maximum occurrence finder give angry expression
as output due to maximum occurrence of angry
expression. Fig. 7 shows membership function
before and after training ANFIS model for first four
input values of SVD-Curvelet coefficients. Fig. 8
shows performance plot of Curvelet-SVD+ANFIS
model. Here network learns gradually and reaches
towards the goal.

AMFIS Model L L

M2 f
AMFIS Model 2 = [ — .
= i courrences
< finder
n

AMFIS Modeln

Fig. 6 — ANFIS model o/p predictor for expression
recognition
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Fig. 7 — Membership function before training and
after training ANFIS model
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Fig. 8 — Performance plot of Curvelet-SVD+ANFIS
model

5. EXPERIMENTAL RESULTS AND
ANALYSIS

Experimentation is carried out using JAFFE
database images [27],which are preprocessed using
the approach mentioned in [28].Wavelet transform
is applied on preprocessed images. Thirty-two

258



S.P.Khandait, R.C.Thool, P.D.Khandait / Computing, 2012, Vol. 11, Issue 3, 255-261

feature values obtained using Curvelet-SVD are
given to BPNN model. BPNN model with different
number of neurons for two hidden layers along
with variation in transfer function is tried. Neural
Network Model with two hidden layers having 15
and 32 neurons each and an output layer achieved
better efficiency. Transfer function used at hidden
layerl is tansig, hidden layer 2 is tansig and at
output layer is linear. During training phase, BPNN
model is trained for different number of samples
(159, 146, 134, and 114) and achieved 100%
classification accuracy. For above experimentation
selected parameters are given below — BPNN (32-
15-32-1), Number of epochs =3000, mse = 0.0001.

During testing phase, trained model is tested for
different number of samples (30, 43, 55, and 75)
and achieved average recognition efficiency from
93.33% to 80.00% [Table 2, Fig. 11]. Table 1
shows Confusion Matrix for testing dataset with
Curvelet-SVD+BPNN based Facial Expression
recognition (75 samples). Fig. 9 and 10 shows GUI
for recognition of facial expression using Curvelet-
SVD+BPNN and ANFIS approach respectively.

Similar to BPNN, ANFIS model is also trained
and tested for same number of samples and
achieved testing accuracy in the range 90.00% to
80.00% (Table 2, Fig. 11).

Tidiion s Frsgulian o Pl Expmepdoafir [ omm Fet

[yt ot o il T o Flmn s

Face Feature Detected Successhully Espression iz Becognized a2 SURPRISE

ok | o ]

Fig.9 — GUI for recognition of facial Expression using
Curvelet-SVD+BPNN approach

Classification and Recognition of Facial Expression for Human Faces

(penimage

Localize Face

Ectract Features

Recounize Expression

Train C-3VD anfis

Fare Feature Detected Successiuly | Ewmession i Recognize a5 NELTRAL

Fig. 10 — GUI for recognition of facial Expression
using Curvelet-SVD+ANFIS approach

Table 1. Confusion Matrix for testset with Curvelet-
SVD+BPNN based Facial Expression recognition (75

samples)
Expres- | An- | Dis-| Fe- |Hap|Neut| Sad [Surp|Accu
sion |gry|gust| ar | py | ral rise | racy
Rate
Angry | 8 | 0] 1| O 0 1 0 [80.00
Disgust | O | 9 | O | O 0 1 0 190.00
Fear 0ol1]8]|0 0 1 0 (80.00
Happy [ O | 0 | O | 9 1 0 0 [90.00
Neutral | O [ O [ L ] O |13 ]| 1 0 [86.67
Sad ol1]0{0O 0 9 0 [90.00
Surprise| O | O [ O | O 0 3 7 |70.00
Average Recognition Accuracy 80.00

Relationship between % Recognition Accuracy and
Number of Samples

%0 4::‘\\
85
\\.7 —4—SVD-CURVABPAN

7 <= SVD-CURVAANFIS

% Recognition Accuracy
o
(=1}

30 43 55 75

Number of Samples-—>

Fig. 11 — Relationship between Number of Samples
and % Recognition accuracy for Curvelet-SVD
+ANFIS and Curvelet-SVD+BPNN

259



S.P.Khandait, R.C.Thool, P.D.Khandait / Computing, 2012, Vol. 11, Issue 3, 255-261

Table 2. Recognition efficiency for Curvelet-
SVD+BPNN and Curvelet-SVD+ANFIS approach

Number % Average Recognition Efficiency
of Curvelet-SVD+ANFIS Curvelet-
Samples SVD+BPNN
30 90.00 93.33
43 88.37 90.69
55 81.81 81.81
75 80.00 80.00

6. CONCLUSION

Appearance Facial features are extracted using
Curvelet transform and are compressed using SVD
for efficient memory utilization. Extracted feature
vector values are given as input to BPNN classifier
and ANFIS classifier. Highest % Recognition
accuracy (93.33 %) was achieved using curvelet-
SVD+BPNN approach for 30 testing samples taken
from JAFFE database. Lowest % Recognition
accuracy (80.00 %) was achieved for 75 testing
samples taken from JAFFE database. From Table 2
and Fig. 11 one can conclude that recognition
efficiency of SVD-Curvelet+BPNN is slightly better
than SVD-Curvelet+ANFIS. Thus SVD-Curvelet-
BPNN outperforms over techniques nentioned in the
literature.

7. REFERENCES

[1] Daw-tung lin, Facial expression classification
using PCA and hierarchical radial basis
function network, Journal of Information
Science and Engineering, 22 (2006), pp. 1033-
1046.

[2] Hong-Bo Deng, Lian-Wen Jin, Li-Xin Zhen,
Jian-Cheng Huang, A new facial expression
recognition method based on local Gabor filter
bank and PCA plus LDA, International Journal
of Information Technology, (11) 11 (2005).

[3] P.S. Aleksic and A. K. Katsaggelos, Automatic
facial expression recognition using facial
animation parameters and multi-stream HMMs,
6th European Workshop on Image Analysis for
Multimedia Interactive Services, Montreux,
Switzerland, 2005.

[4] Limin Ma, David Chelberg and Mehmet
Clelenk, Spatio-temporal modeling of facial
expressions  using  Gabor-wavelets  and
hierarchical hidden Markov models, in the
Proc.of ICIP’2005, (2005), pp. 57-60.

[5] M. Pantic and loannis Patras, Dynamics of
facial expression: recognition of facial actions
and their temporal segments from face profile
image sequences, IEEE transactions on
Systems, Man, and Cybernetics. Part B:
cybernetics, (36) 2 (2006).

[6] Ruicong Zhi, Qiugi Ruan, A comparative study
on region-based moments for facial expression
recognition, in Congress on Image and Signal
Processing, 2 (2008), pp. 600-604.

[7] Irene Kotsia, loannis Pitas, Facial expression
recognition in image sequences using
geometric deformation features and support
vector machines, IEEE Transactions on Image
Processing, (16) 1 (2007), pp. 172-187.

[8] Kakumanu P., Nikolaos, G. Bourbakis, A local-
global graph approach for facial expression
recognition, ICTAI, (2006), pp. 685-692.

[9] AleksicP.S., Aggelos K. Katsaggelos,
Automatic facial expression recognition using
facial animation parameters and multistream
HMMs, IEEE Transactions on Information
Forensics and Security, (1) 1 (2006), pp. 3-11.

[10] Spiros loannou, George Caridakis, Kostas
Karpouzis, and Stefanos Kollias, Robust
feature detection for facial expression
recognition, EURASIP Journal on Image and
Video Processing, (2007), Article ID 29081.

[11] Xue Weimin, Facial expression recognition
based on Gabor filter and SVM, Chinese
Journal of Electronics, (15) 4 (2006).

[12] Praseeda Lekshmi V., M. Sasikumar, Analysis
of facial expression using Gabor and SVM,
International Journal of Recent Trends in
Engineering, (1) 2 (2009).

[13] Fan Chen, Kazunori Kotani, Facial Expression
Recognition by SVM-based two-stage classifier
on Gabor features, MVA 2007 IAPR
Conference on Machine Vision Applications,
(May 16-18, 2007), Tokyo, Japan.

[14] Candes E. J., Demanet L., Donoho D. L., Fast
discrete curvelet transforms[R], California:
California Institute of Technology, Applied and
Computational Mathematics, (2006), pp.1-43.

[15] Tanaya Mandal and Q. M. Jonathan Wu, Face
Recognition Using Curvelet Based PCA, 978-1-
4244-2175-6/08/©2008 IEEE.

[16] J. L. Starck, E.J.Candes, D.L.Donoho, The
curvelet transform for image denoising, IEEE
Trans. on Image Processing, (11) 6 (2002),

pp. 670-684.

[17] Z. Jiulong, Z. Zhiyu, H. Wei, L.Yanjun and
W.Yinghui, Face recognition based on
curvefaces, Proceedings of the Third
International ~ Conference  on  Natural

Computation, Vol. 2, (2007), pp. 627-631.

[18] T. Mandal, A.Majumdar and J.Hu, Face
recognition via curvelet based feature
extraction, International Conference on Image
Analysis and Recognition, (2007), pp. 806-817.

[19] A. Majumdar and A. Bhattacharya, Face
recognition by  multiresolution  curvelet
transform on bit quantized facial images, IEEE

260



S.P.Khandait, R.C.Thool, P.D.Khandait / Computing, 2012, Vol. 11, Issue 3, 255-261

International Conference on Computational
Intelligence and Multimedia Applications,
(2007), pp. 209-213.

[20] Juxiang Zhou, Yungiong Wanga, Tianwei Xu,
Wanquan Liu, A novel facial expression
recognition based on the curvelet features,
IEEE 2010 Fourth Pacific-Rim Symposium on
Image and Video Technology, (2010), pp. 82-
87.

[21] Candes E. J., Donoho D. L., Curvelet surpri-
singly effective non adaptive representation for
objects with edges, curve and surface fitting,
Saint-Malo, TN: Vanderbilt University Press,
1999, pp. 105-120.

[22] B. Chanda and D. Dutta Majumder, Digital
Image Processing and Analysis, Prentice-Hall
India, New Delhi, 2002.

[23] He Jia, Zhang Xiang Feng, Facial feature
extraction and recognition based on curvelet
transform and SVD, In Proc. of IEEE ICACIA-
09, (2009), pp.104-107.

[24] Yan Jingwen, Qu Xiaobo, Analysis and
Application of Super Wavelet, National
Defence Industry Press, 2008.

[25] Duda R.O., Hart P.E., Stork D.G., Pattern
Classification, Second edition, Wiley student
edition, 2006.

[26] J.S.R Jang, ANFIS: adaptive network based
fuzzy inference system, IEEE Transactions on
Systems, Man, and Cybernetics, (23), 3 (1993),
pp. 665-685.

[27] JAFFE dataset, http://www.kasrl.org/jaffe.html.

[28] S. P. Khandait, R. C. Thool, P.D. Khandait,
Automatic facial feature extraction and
expression  recognition based on neural

network, (IJACSA) International Journal of
Advanced Computer Science and Applications,
(2) 1 (2011), pp. 113-118.

S.P. Khandait, is a research
scholar and an Associate
Professor in the department of
Information Technology,
KDKCE, RSTMNU, Nagpur,
Maharashtra, INDIA. She is a
b '<\L\ d Life Member of Indian Society
for Technical Education (LM 23789),Associate
Member of I.E.(India) (AM 81913/4), Member of
I.E.T.E.,India (M 198753). Presently she is pursuing
her PhD in Computer Science and Engineering. Her
research research interest is Image processing,
computer vision and pattern analysis.

Dr. R.C. Thool is Professor in

department of Information

Technology, SGGSIET,

SRTMU, Nanded, Mahara-

shtra, INDIA He did his M.E.

and Ph.D. from SRTMU,
e o = e Nanded.

He is member of IEEE. He published more than 20
papers in national and international conferences and
journals. His area of interest includes computer
vision, robot vision, and image processing and
pattern recognition.

P. D. Khandait is an Associate
Professor in the department of
Electronics Engineering,
~ KDKCE, RSTMNU, Nagpur,
© Maharashtra, INDIA. He is Life
Member of Indian Society for
Technical Education (LM
23790), M.LE. (India) (M-
115954), M.LE.T.E., India (M
198754). His area of research
interest includes Signal and Image processing,
Biomedical Engineering, soft computing.

261



Bohdan Y. Volochiy, Leonid D. Ozirkovskyy, Ihor W. Kulyk / Computing, 2012, Vol. 11, Issue 3, 262-271

L] computing@computingonline.net
J www.computingonline.net

ISSN 1727-6209
International Journal of Computing

METO[ NOBYOOBU MOAENEN NOBEAIHKU CKNAQHUX CUCTEM
HEMAPKOBCBKOIO TUNY Y BUrnsAAl rPA®A CTAHIB | MEPEXO[AIB

BorpaH Bonouin, JleoHig O3ipkoBcbkun, Irop Kynuk

Kadenpa TeopeTnuHOi paiioTeXHIKH Ta paiOBUMIPIOBaHHSI,
[HCTHTYT TEeKOMyHIKallil, paioeIeKTPOHIKH Ta eJIEKTPOHHOT TEXHIKN
HanionansHuii yHiBepcuteT «JIpBIBChKA MOJIITEXHIKA»
Byi. C.Bannepwu, 12, JIpBiB, 79013,
e-mail: bvolochiy@ukr.net, lozirkovsky@polynet.lviv.ua, kulyk.iw@gmail.com

Pe3rome: O6’ckmom pozensady € npoyec nodyoosu mooeneil NOBeOIiHKU OUCKPEMHO-HEeNePepeHUX CHOXACIMUYHUX
cucmem HeMapKo8CcbKo20 muny 3a 00nomo2oo memoody gaz Epnanea. Ha 6aszi ybo2o memooy ma 3 6UKOPUCHIAHHIAM
VOOCKOHANEHOT MeXHONO02IT MOOeNOBaAH ST OUCKPEMHO-HENEPEPEHUX CIMOXACIMUYHUX CUCEM MApKoecbkoeo muny [1]
PO3poOAEHO MemOoO nobYO008U MoOeell CKIAOHUX CUCIEM HEMAPKOBCLKO20 muny y euensodi epaga cmanie i nepexodis.
Po3pobrenuti memoo npoiniocmposano npukiadom ananizy CUCMeMU MAco8020 00CIY208Y8aAHHS.

KuarouoBi ciioBa: mamemamuuna mooens, nogedinka cucmemu, memoo ¢az Epranea, Maprogcbka mMooeis.

THE METHOD OF BUILDING OF BEHAVIOR MODEL OF NON-MARKOV
COMPLEX SYSTEMS AS A GRAPH OF STATES AND TRANSITIONS

Bohdan Y. Volochiy, Leonid D. Ozirkovskyy, lhor W. Kulyk

Department of Theoretical Radio Engineering and Radiomeasurement,
Institute of Telecommunications, Radioelectronics and Electronic Engineering
National University «Lviv Polytechnic»

12, Stepana Bandery Street, Lviv, 79013, Ukraine
e-mail: bvolochiy@ukr.net, lozirkovsky@polynet.lviv.ua, kulyk.iw@gmail.com

Abstract: The goal of the paper is the construction of behavior models of discrete-continuous stochastic systems of
non-Markov type by the method of Erlang’s phases. The improved method of formalized construction of behavior
models as a graph of states and transitions is developed. Since this method is a part of technology modeling discrete-
continuous stochastic systems, now the process of construction of behavior systems of non-Markov type is automated.

Keywords: mathematical model, the behavior of the system, the method of phase of Erlang, Markov models.

BCTYN

Jlis moOymoBH MoOJENeH MOBEAIHKH CKIIATHHUX
TEXHIYHUX CHCTEM Yy  BUIISAI  JUCKPETHO-
HerrepepBHOi croxactuaHoi cuctemu (JJHCC) B [1]
3aIpONIOHOBAHO TEXHOJOTII0 (opMmyBaHHS Trpada
CTaHIB Ta MEPeXOAiB, CTyMiHb QopMamizamlii sKoi
JIO3BOJIMB aBTOMAaTH3yBaTH Iiel mportec. Ha ocHoBI
i€l TEXHOJIOTIT PO3POOJICHO MPOrpaMHHU MOIYJIb
ASNA-1, [IPU3HAYCHUN JUIst BU3HAYCHHS
MMOKa3HUKIB HaliiHOCTI (HMOBIpHICTh 0€3BiIMOBHOI
poboTH Ta  cepemHE  3HAYEHHS  TPHUBAIOCTI

0e3BiIMOBHOI p0OOOTH) BIIMOBOCTIMKHX CHCTEM [2].
J1st 06’ekTa JOCTIIKEHHS 3 JOBUILHOIO KITBKICTIO
cTaHiB mporpamuHuii moxynb ASNA-1 3xilicHIoe

OesnmoMmiKoBy TOOymoBy rpada CTaHiB Ta
MepexodiB, IO € BAXJIMBUM TIPH PO3B’sA3aHHI
NPOCKTHUX 3aJad METOIOM OaraToBapiaHTHOTO

aHamizy. Ha ocHOBi rpacda, skuil mpencTaBise
JHCC [3] dopMmyeThcss MaTeMaTHdHa MOJECITH
00’€kTa  JOCHIKCHHS Y  BUIJISAI  CHUCTEMHU
mudepeHUiansHuX piBHAHE KonMmoroposa-YenmeHa.
Taka Momenp Hakiazae yMOBYy Ha  00’€kT
JOCIIKEHHSI, sIKa TIOJIATae B TOMY, IO TPUBAJIOCTI
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BCiX IPOIIECiB B HHOMY BBAKAIOTHCS PO3TOIITICHIMHI
32 eKCIIOHCHITIIHIM 3aKOHOM PO3IIOILTY.

OnmnHak, mig 0OaratboX OO0’€KTIB JOCIHIIKEHHS
Taka yMOBa 3HW)KYE CTYIiHb aJeKBaTHOCTI MOJENI 1
BHOCHUTh IMOMMJIKY B pe3yibTar. Tak B MOJENIx
BIIMOBOCTIMKHX CHCTEM 3 TEXHIYHUM
00CITyroByBaHHSIM JIsSi TPUBAJIOCTEH BiJHOBJICHHSA 1
B MOJEJSIX CHCTEM MacOBOTO OOCITyTOBYBAaHHS IS
TpUBaJIOCTEH 00cITyroByBaHHS 3asBOK
PEKOMEHY€ThCS BUKOPHCTOBYBATH 3aKOH
posmomity Epmanra [7]. JluckpeTHO-HemepepBHIi
CTOXAaCTUYHI CHUCTEMH, B SIKUX ICHYIOTH TPOIIECH,
TPHUBAJIOCTI SKUX OMHCYIOTHCS 3aKOHAMH PO3IOJITY
BIAMIHHMMH BIiJ €KCHOHEHIIIMHOTO HA3UBAIOTh
HeMapKOBCbKUMU. JIJIs ToOymIOBH MOJENeH TaKux
CHCTEM BHKOPHUCTOBYIOTH MeTon (a3 Epnanra (DE)
[3-6], sixuil A03BOJIIE HEMAPKOBCHKUM TUCKPETHO-
HenepepBHUM Tporrec, TPHUBAJIOCTI SKOTO
posmonineHi 3a 3akoHoM EpiaHra ampokcuMmyBaTH
MapKOBCBKHUM TPOLECOM. 3TifIHO IbOTO METOAY

HEOOXiTHO rpad CTaHIB i TIepeXoIiB
TpaHcHOpMyBaTH, IUIAXOM 3aMiHH BIiJTIOBITHUX
CTaHIB JIAHIFO)KKamMu (PIKTUBHUX cTaHiB. OJHaK,
BHKOPDHCTaHHS  [OTO MeToay ©Oe3  3aco0iB
aBToMaTH3aiii 1 O00’€KTIB  JOCHIUKEHHS 3
BCJIMKOI  KIJIBKICTIO CTaHIB € TPYIOMICTKOIO
3a7a4€ero.

B crarTi mokazaHo MeTonm MOOYIOBH MOJIENCH
MOBEIHKH CKJIAJJHUX CUCTEM HEMapKOBCHKOTO THITY,
B OCHOBY SIKOTO TOKJaJeHi: MeToA TOoOyAOBH
Mojesel y BUIIsiAL rpada, onmucanuii B MoHOTpadii
[1]1meTon da3 Epnanra.

1. YOOCKOHANEHHA TEXHONOrI
NOBYAOBWU MOAENEN NOBEAIHKU
ANCKPETHO-HEMNEPEPBHUX
CTOXACTUYHUX CUCTEM

B poborax [8, 9, 10] mpoBemeHO neTanbHUI
po3rIIsIT 0coOMUBOCTEH BHKOpHcTaHHS Metony DE
Ta 3alpOMOHOBAHO METOAUKY (hopMarizoBaHOl
o0y 10BU Moiene MTOBEIiHKH CUCTEM
HEMapKOBCHKOTO THIY Ha 0a3i mporo meroxy. Lllo6
3pOOMTH W0  METOOWKY  TPHIATHOIO IS
BUKOPDHUCTaHHS, B  MPAKTUI[l  MOJCIIOBAHHS
MOBEMIHKA  CKIIAJHUX TEXHIYHHX CHCTEM, B
TEXHOJIOTIF0  MOJENIOBAaHHS, IPEICTaBICHY B
MoHorpagii [1], BHECEHO psa IOMOBHEHb, SKi
CTOCYIOThCSI (hOpMYyBaHHS BepOanbHOI Ta MoOya0BU

CTPYKTYpPHO-aBTOMAaTHOT MOJIeTeH. Breceni
JOTIOBHEHHS JIO3BOJISIIOTH 3IIHCHIOBATH
aBTOMAaTHU30BaHy TMOOYAOBY MoJeNi MOBEAiHKH

CHUCTEMHU y BUTJLAAI rpada CTaHIB Ta MEPEXOMdiB, 3
BUKOpUCTaHHsIM Metony @PE, sxy 3alesneuye
(peanizye) nporpamuuii Moxyiis ASNA-1.

CyTb IUX IOTIOBHEHb MOJIATA€ B HACTYIHOMY:

1) Ilpm dopmyBanHi BepOanmpbHOI  MoOAEII

HEOOXI1THO 3MIMCHUTH OMHUC BCIX MOMIH, SKi MOXYTh
BiIOyBaTHUCS B JOCHIKYBaHil CUCTEMI Ta MPOBECTH
ix kacugikarmiro Ha 6a30Bi Ta cymyTHi. [y KoxxHOT
0a30BOi moAil HEOOXiMHO OMHMCAaTH BCi CHUTyaIllii, B
SIKAUX BOHA MOK€ BiOyBaTHUCH.

Hdns  cucteM  HEMapKOBCBKOTO  THITY, 3
BukopuctanHsM Metony DOE, i3 mporecis, ki
MPOTIKAIOTh B  CHCTEMi HEOOXIHO  BHIIITUTH
MPOIIECH, TPUBAIICTD SIKMX HE MOYKHA IPEACTABISTH
eKCIIOHEHIIIHHUM ~ 3aKOoHOM  posmominy. s
TPUBAJIOCTE  IUX  MPOIECIB  BHU3HAYAETHCS
MaTeMaTHYHa MOJIeTb PEabHOTO 3aKOHY PO3MOALTY
HMOBIpHOCTI (rycTrHa po3noniny f(t), MaTemaTnyHe
OUiKyBaHHS M, , AUCTIEPCis 6°).

JIsi BUKOpHCTaHHS ITMX MaHWUX TPH TOOYyIOBi
MoJeNel TOBEAIHKM CTOXaCTHYHOI CHUCTEMH 3a
nmoromororo Merony ®OE, peanbHi 3akoHN pO3MTOILTY
HEOOXITHO ampOKCHUMYBATH 3a JOIIOMOTOIO 3aKOHY
po3noainy Epmanra abo KOMMO3HWINT  KiIbKOX
3akoHiB  po3noainy  Eprnanra.  3nificHIo€ThCS
BHM3HAYEHHS ITapaMeTpiB ampOKCUMYIOUOTO 3aKOHY
po3nofily ab0 KOMITO3UINT 3aKOHIB PO3MOALTY
Epnanra (MoBa iige mpo MOPAIOK 3aKOHY PO3MOIITY
abo Tak 3BaHWU mapamerp GopMu n Ta mapamerp
MacmTady o, 332 JOMOMOTOI0 SKHX allpOKCHMYETHCS
peasibHUl 3aKOH PO3MOILTY ).

2) lloOymoBa CTPYKTYpPHO-aBTOMAaTHOI MOJEi
(CAM) S3miliCHIOETBCSI Ha OCHOBI  BepOaapbHOL
MoOJIeNli, SiKa 3a/la€ BXiJHI JAaHi y BUTISII TEPEIiKy
0asoBuX mOAi Ta omucy cuTyaniil (mogaHux
yMOBaMH Ta OOCTaBHHaMH), 3a SIKUX i TOMIii
BiIOYBaIOTHCS.

3 oOpanux 0a30BUX IMOMil BH3HAYAIOTHCS Ti
nmoJiii, SKi CHPUYUHSIOTH MPOIIECH, TPUBAIICTD SKHX
HE MO)KHA TPEJICTAaBIISATH €KCIIOHEHIIIHHUM 3aKOHOM
pO3MOLTY.

Hns  aBromarumzamii  mporecy  (opmyBaHHS
JIOJaTKOBUIX JIAHITIOXKKIB (DIKTUBHUX CTaHIB 3TiIHO
Metony DE, HEoOXiqHO BHECTH HOEsAKI 3MIHH B
METOAUKY (OpMYyBaHHS CTPYKTypHO-aBTOMATHOI
MOJENI.

KinpkicTh 1OJAaTKOBHX JTAHIIOKKIB BU3HAYAETHCS
KIJIBKICTIO ~ 3aKoHiB  posmoxiny Epranra,  ski
BUKOPHUCTOBYIOTHCS npu ampoKCUMaIIii
HeMapkoBchbkux mporteciB B JIHCC, a KiTbKicTh
(GIKTUBHHUX CTaHIB B LUX JTOJATKOBUX JIAHIIIOKKAX
BU3HAYAETHCS MOPSAKOM ANPOKCHMYIOUOTO 3aKOHY
posmnonairy Epranra.

dopMyBaHHS BEKTOpa CTaHiB MOJsrac y BUOOpI
KOMITOHEHT, sIKi BU3HAYar0Th CTaH CUCTeMH (00’ €KTa
JOCT/DKEHHS) B KOKEH MOMEHT 4acy. KimbkicTh
KOMIIOHEHT B OMHCI IOTOYHOTO CTaHy CHCTEMH
MOBHHHA BIAMOBINATH KUTBKOCTI IMapaMeTpiB, 3MiHY
SKAX BU3HAYAE MOBEMIHKA 00’ €KTa HOCIIHKEHHS.

[Ipu Bukopucranni Meromy @OE HeoOXigHO
MPU3HAYUTH JTOJIATKOBI KOMIIOHEHTH BEKTOpa CTaHy,
aki Bu3HauyatoTh nepeOyBanHs JHCC y ¢ikTuBHHX
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CTaHax  JIOAATKOBUX  JIAHIIOXKKIB.  KinmbKicTh
JIOJTATKOBUX KOMIIOHEHT BEKTOpa CTaHy
BH3HAYAETHCS KUTBKICTIO TIPOIIECIB, TPHUBAIICTh SIKHX
po3mo/IiieHa He eKCIoHeHIIiitHO. [loTouHe 3HaYeHHs
JIOJTATKOBOI KOMIIOHEHTH BijoOpakae Ha sKid (ha3i
JI0IaTKOBOT'O mporiecy — mepedbysae  JITHCC.
ITouaTkoBe 3HAYeHHS i€l KOMIOHEHTH BiOMOBimae
KUTBKOCTI (ha3 JOMATKOBOTO TIpOIeCy (KITBKOCTI
CTaHIB JOJATKOBOT'O JIAHITIOKKA, SKi Ui 00’eKra
JOCTiKeHHS € (DIKTUBHUMMU).

Ilpu dopMyBaHHI MHOXHHH  (QOpMaTbLHUX
mapaMeTpiB 3aMaloThCsl 3HAUCHHS I1HTCHCHBHOCTI
MOTOKIB TOJii Ta KOHCTAaHTH, $KI BH3HAYaIOTh
CTPYKTYpy 00’ €KTa TOCIiIKEHHS.

B mobynoBy nmepeBa mpaBmi  Monaudikartii
KOMITOHEHT BEKTOpa CTaHy BHECEHO PsiJl JOTIOBHEHb.
3riTHO TEXHOJIOTii MOJEeNroBaHHs moaaHid B [1], y
BiAMOBimHIA  TaOmmuHi  dopmi,  MOTAETHCS
(dopmamizoBaHUil OMUC TOBENIHKHA CHCTEMH. 3a
JOTIOMOTO0 JIOTIYHMX (YHKIIH Ta MaTeMaTHYHUX
omeparii Hajg KOMIIOHCHTAMH BEKTOpa CTaHIB
MIPOBOJIUTECS OMKMC YMOB Ta OOCTaBHH, 3a SKHX
BigOyBaroThCsl 6a30B1 MOII.

Jus 6a30BHX MOMii, SKI CHPUYHHSIOTH TOSBY
HemapkoBcbkux mporeciB B JJHCC HeoOXximHO
chopMyBaTH J0JATKOBI YMOBHU Ta OOCTaBUHH, SIKI
OyIoyTh BHW3HauaTH TiepeOyBaHHA Yy (DIKTHBHHX
CTaHax JI0JIaTKOBUX JIAHIIFOKKIB.

[pu posrmsani 6a3oBoi momii, ska CHPUYHHSE
MOSIBY B CHCTEMi HEMapKOBCHKOTO  IPOIECY,
HEOOXiIHO peanbHW 3aKOH PO3MOAUTy HOro
TPHUBAJIOCTEH alPOKCUMYBATH 3a JIOTIOMOTOKO 3aKOHY
posnoniny Epnanra n-ro nopaaxky. Tozai BinmoBigHi
crann JIHCC HEoOXiZHO 3aMIHHUTH JIAHIOXKKOM
¢dikTuBHUX ~ craHiB. KigBKiCTh  CTaHIB  IHOTO
JIQHITIOKKA TIOBUHHA OYTH PIBHOIO MOPSAKY 3aKOHY
posnoxiny Epmanra, skWii BHKOPHCTOBYIOTH IS

anpokcumariii. Jlmg  1mpOro 'y BEKTOpP  CTaHy
BHOCHTBECSI HOBAa KOMIIOHEHTa V), ITOYaTKOBE
3Ha4YEeHHs  fAKOi BM3HAYac  KIUIBKICTh  CTaHIB

JI0JIATKOBOIO JIAHIFOKKA 1.

Burnsn 1oaaTKoBOro JIaHIFOXKKA 3 3HAYEHHSIM
JIOIaTKOBOi KOMIIOHEHTH Vi I KOXHOTO CTaHy
300paxeHo Ha puc. 1.

: ° : ° : e : ° :
Vk=n Vk=n-1 Vk=2 Vk=1

Puc. 1 - JlonatkoBuii 1aH0K0K GiKTUBHUX CTAHIB
JAUCKPETHO-HeNepPePBHOI CTOXACTUYHOI CHCTEMH

Hunst wiei 6a3oBoi moxii kpiMm yMOB Ta 00CTaBUH,
IO ONKCYIOTh CHTYallii B AKUX BigOyBaeThCs MO,
HeoOXiHO JomaTtd JBi O3HAaKW, sKi OyIyTh
Bm3Havyatn mnepeOyBanHs JIHCC y ¢diktuBHEUX
craHax  S;...S, OOJAaTKOBOIO  JIAHIYOXKKA 1

BIJIITOBITHO BH3HAYATH 110101 (144 ) Horo
(opMmyBaHHS B CTPYKTYpi rpada cTaHIB i MEPeXoIiB.

[Nepima o3naka BizoOpaskae nepedysanns JHCC
B ctaHax Bim S; mo S,;. Lls o3Haka 3ammcyerbcs
HACTYIHUM YMHOM V|>=2, a mpaBwio Mojudikamii
KOMITOHEHTH BEKTOpa CTaHy Mae BUIIIAA Vi:=V-1.

Hpyra  o3Haka  BimoOpakae  3aBepIICHHS
nmepebyBanas JIHCC B ocTaHHROMY  CTaHi
JOJJATKOBOTO JIaHIIOKKa. DopMaiizoBaHMid 3aIuc
miei o3Haku € TakuMm Vi =1. Ilpu QopmyBaHHi
mpaBuia Momudikarlii KOMIIOHEHT BEKTOpa CTaHy
HEOOXITHO TIOBEPHYTH KOMIIOHEHTI Vj IMOYaTKOBE
3HAY€HHSA 1 3MIHWTH BIAMOBIAHI KOMIIOHEHTH, SIK1
BiOOpaXKAIOTh TIepeXi/l B HACTYITHUH peallbHUi cTaH
00’€KTa TOCTiKEHHS.

Po3pobnena  cTpyKTypHO-aBTOMaTHa  MOJAENb
00’€KTa IOCIHIKEHHS, 3 TOJJATKOBOIO KOMITOHEHTOIO
BEKTOpa CTaHy Ta BIAMOBITHUMH O3HAKAMH CTaHY,
BBOAMUTHCA B mporpamMHuii moxynbs ASNA-1, sxuit
3IiICHIOE aBTOMaTH30BaHy MoOYyZOBy rpada cTaHiB
Ta TEpPeXoJliB 00’€KTa TOCHIHKCHHS Ta PO3B’s3Yy€
cucreMy audepeHmiiHuX piBHSIHb Kommoroposa-
UenmeHa.

Po3p’si3aHHs  cucTeMH  pIBHAHb  JTO3BOJISIE
OTPUMATH PO3MOIiA WMOBIpHOCTEH MepeOyBaHHSI
JIHCC y Bcix cTaHax Sy B AOBIIbHHI MOMEHT Yacy t,
TOOTO Py (t).

Sxmo B AOCHDKYBaHIW CHCTEMI iCHYIOTBH
HEMAapKOBCHKI IMPOIIECH, SKI PO3MOYMHAIOTHCS HE 3
MOYaTKOBOTO CTaHy, TO TpPU 3aMiHi [HMX CTaHIB
JIOJTATKOBUM JIAHITFO)KKOM HE BIA€THCS OTPUMATH
BUOpaHMH JUId amnpoKcuMarii 3aKOH  PO3MOIITY
Epnanra. Lls npoGnema posrisaaeTses B cTaTTi [8].
B miif craTTi moka3aHo, [0 BUKOPUCTOBYIOYH METO]T
¢a3 Epmanra mpu moOymoBi MoOJeNel CKIaTHUX
CUCTEM HEOOXiTHO MepeBipATH TOYHICTh
ampokcuMariii, Ky 3abe3meduye anmpoKCUMYHOUHA
3aK0H po3monairy. s 1bOT0 Ha OCHOBI PO3IOALTY
HMOBIpHOCTEH TiepeOyBaHHS CHUCTEMH B CTaHax,
MPOBOAMUTECS PO3paxyHOK anpPOKCUMYIOUUX
€KBIBAJICHTHUX IHTEHCHBHOCTEH, $KI  IOBHHHI
ONMCYBAaTH BIATOBIMHUNA Tporiec  (BiAHOBICHHS,
00CITyroByBaHHS TOIIO).

[Ticnst mporo 3ailicHIOETECS (hOpMyBaHHS BHpPa3y
TYCTHHH PO3IOAUTY WMOBIPHOCTI UISI TPHBAIOCTI
anpOKCHMYIOUOTO MPOIECy Ta pPO3PaXOBYIOTHCS
napamMeTpu anpoOKCHMYIOUOTO 3aKOHY PO3MOJILTY
(MaTeMaTHYHE OYiKyBaHHS M, AHCIEPCis 6°).

[epeBipka TOYHOCTI anpPOKCUMAIIIT 3TIHCHIOETHCS
IUISXOM MOPIBHSIHHS apaMeTPiB PeaabHOrO 3aKOHY
po3mofily, sAKi BH3HAYAIOTBCA TpH MOOYAOBI
BepOAIbHOI MOZIETl Ta PO3paxOBaHUX IapaMeTpiB
ANPOKCHMYIOUOT0 3aKOHY PO3IIOJILTY.

[IpoBoauThCS oOIiHKA BimMmoBimHOCTI  dopmMu
GyHKIOIH ~ TYCTHHH — PO3MOIITYy  WMOBIpHOCTI
peaIbHOTO Ta alPOKCUMYIOUYOTO 3aKOHIB PO3IIOILTY.
Jns IIEOTO OILIIHIOETHCS pi3HUILSA MIXK
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MaTeMaTHYHUMH OYiKyBaHHSMH M, Ta AACIEPCIAMHU
6° 000X 3aKOHIB PO3MOIINY.

Sxo MaTeMaTU4YHE OUiKyBaHHS
AIPOKCUMYIOUOT0 3aKOHY pO3IOALTYy mca Oiibiie
BiT 3HAYCHHS  MaTEMaTUYHOTO  OYIKyBaHHSI
PEAIILHOTO 3aKOHY PO3MOAUTY MCT, TO 3HAYCHHS
IHTEHCHBHOCTI ~ TEPEeXOMiB MK  JIOJAaTKOBUMHU
CTaHAMH HE0OXiTHO 30UTBIITYBATH, a |y
MPOTHIICKHOMY BHITJIKy 3MCHIIYBATH.

Ilicns Toro, sk Oyne mocsarHyra HeoOXimHA
TOYHICTh  ampOKCHMAIlil  pealbHOrO0  3aKOHY
po3moniny, OTPUMAaHU pe3yibTaT pPO3B’sI3aHHS
cucteMu audepeHiaIbHuX piBHAHL Kommoroposa-
YerMeHa BBa)XKA€THCSI MPABUIIBHUM.

Temep MokHa mTpUCTYNUTH A0 (HopMyBaHHSI
MMOKA3HUKIB €(DEKTUBHOCTI TOCIIIKyBaHOI CUCTEMHU.
3 OTPUMAHOTO po3noiny WMOBIpHOCTEH
niepebyBanns JJHCC y ctanax ¢popMyroTs He0OXiaH1
MOKA3HUKU €(PEKTHBHOCTI 00’€KTa JOCIIIPKCHHS.
Hanpukman, moisixoM cyMyBaHHS —HMOBipHOCTEH
repeOyBaHHs CHCTEMH Y BiIIOBITHUX CTaHaX.

2. NMPUKNAAQ 3ACTOCYBAHHA
YOOCKOHANEHOI TEXHOMOTrTI

MOAEJTIIOBAHHA
Ilocmanoeka 3a0aui 00CNi0ICEHNA.
Posrnsimaerbest  cucrema  0OpoOku  iHQoOpMaIii,
MOJCILITIO SIKOT € cucrema MacoBOTO
ob6cimyroByBanHsa (CMO) 3 00MEXKEHOIO Yepror Ta
OJTHOKaHAJILHUM, OJHO(A3HMM 1 HeHamiiHUM
o0ciyroByBaHHsM puc. 2 [1].
Bxiganit
IOTIK 3asiBOK ' 1€Pra 3asBOK
Kanan
00CITyrOoByBaHHs

Puc. 2 — Cucrema MacoBoro o0c1yropyBaHHs 3
00MesKEeHOI0 Yeprolo Ta OTHOKAHAIBHUM, 0AHO(GAa3HUM
i HeHaIIiHUM 00CTyTOBYBAHHSAM

HocnimxyBaHa cucTeMa TMpamioe HAaCTYIHUM
YHHOM: 3asBKa, SKa HAAXOJUTh TPH BIICYTHOCTI
yepru 1 He3alHATOMY Ta Mpaune3JaTHOMY KaHaii
o0CIyroByBaHHs  IIOCTymae 1O  HBOIO  Ha
oOcnmyroByBaHHS. SIKIIO KaHald OOCITyrOBYBaHHS
3aifHATUI 200 HEeCIPaBHUU 1 B Uep3i € BiIbHE MicIie,
3adBKa fKa HAaOXOIUTh CTa€ B depry. SIkmo kaHai
00CITyroByBaHHs 3alHATHH a00 HECHpaBHUA 1 B
4yep3i HeMae BUIBHOTO MiCIs, 3asBKa SKa HaXOIUTh

BTpPAYa€ETHCS.
YacoBuii  iHTepBall  MDK  3asgBKaMu, JUIs
posrasHyroi CMO, po3nopinieHuil 3a 3aKOHOM

posmoniny Epranra 3-ro mopsaKy 3 TYCTHHORO
PO3IIOMIITY fo (2):

—at (1)

fot)=a-e W (H

Je o — mapamerp Macmrtady; n — mapamerp
dhopmm.

Kanan o0cnyroByBaHHSI MOKE BHXOJUTH 3 JIAay,
NpUYOMy BTpaTa Mpale3gaTHOCTI MOXKE CTaTHCS
KOJIM KaHaJl € BUTbHUM, @ MOXE CTATHCS KOJH KaHaN
3aHATHN OOCITYTrOBYBaHHSIM 3asBKH. 3asBKa, sKa
00CIIyrOBY€THCSI B MOMEHT TIOSIBU TOPYIICHHS
MpaIe3TaTHOCTI KaHaldy, TOBEPTAEThCS B 4Yepry,
AKIIO B HIH € BiJbHE Micle. SIKIo BUIBHOTO Micus
HEMae, BOHA BTPa4acThCs. ITopymenns
npane3aaTHOCTI KaHaly 00CITyroByBaHHs
BUSIBIISIEThCS 3aC00aMH KOHTPOJIIO 1 IICHSI IHOTO
MOYMHAETECS PEMOHT KaHalmy OOCITyroBYBaHHS,
AKUH TIOKJIAJACHO Ha PEMOHTHHH oprad. KinbkicTb
PEMOHTIB KaHally OOCIIyTOBYBaHHS HE OOMEXEHO,
MPUIOMY PEMOHT 3aBXaHM € ycmimHuM. DOyHKIis
KOHTPOJIIO ~ CTaHy  Mpane3laTHOCTI  KaHaly
00CITyroByBaHHS BHKOHYETHCS 0O€3I0TaHHO, TOOTO
HMOBIPHICTE BUSIBJICHHS TTOPYIIICHHS
Mpane31aTHOCTI PiBHA OJUHHIII.

[Noka3HukamMu e(QEeKTUBHOCTI CHUCTEMH OOPOOKH
iH(opMarii BUOpaHO «HMOBIPHICTh BTPaTH 3asBKID)
Ta «HAMOBIpHICTh TepeOyBaHHsS 3asiBKU B KaHaJi

00CITyrOBYBaHHS».
HeoOxinmHO OWIHUTH PI3HUIIO MK 3HAYEHHSIMHU
MMOKa3HWKIB  €(DEKTUBHOCTI CcHCTeMH  OOpOOKH

iHpopManii, Ko A1l MPOBEIEHHS PO3PaxyHKIB B
gakocti i momeni Bukopucrano CMO MM|12 i
MOJIEITh 3 BUIUM CTyTIeHeM anekBaTHocTi E3|M|1]2.

Po3pooka CMPYKMYPHO-A6MOMAMHUX
Mooeneii. JI7is IpoBeIeHHS TOCTIKEHHS 3/1iCHEHA
po3podka mBox CAM. Ilepmra CAM pospobieHa 3a
YMOBH, IO HMOBIPHICHOIO MOJICIUTIO JUISl IHTEPBATIB
yacy MK BXIJHMMHU 3asBKaMU 1 JJIsi TPUBAJIOCTEH
00CITyroBYBaHHS 3asiBOK € EKCIOHEHIIHMIA 3aKOH
posmoniny. JIpyra CAM po3pobieHa 3a yMOBH, IO
HMOBIPHICHOIO MOJIEIUTIO JJISl IHTEPBaNiB 4acy Mik
BXITHUMH 3asBKaMH € 3aKOH posmnoniny Epnanra 3-
ro TOPSAKY, a JJsi TPUBAJIOCTEH OOCIyroByBaHHS
3assBOK — €KCIIOHCHIIIMHUIN 3aKOH PO3MOILTY.

Ilepenix  6azosux nodiu. [Jns Takoi
XapaKTepHUMH € Taki 0a30Bi MOl

[Momis 1. «IIpuxin 3asBKU Ha 0OCITyTOBYBAaHHS.

CMO

Ilomis 2. «3aBepiieHHs  0OCIYTOBYBaHHS
3aBKI.

IMomis 3. «Btpara mpamne3maTHOCTI KaHATy
00CITyrOBYBaHHS».

Iomiss 4. «3aBepiieHHS PEMOHTY KaHaly
00CITyrOBYBaHHS».

Hapamempu moodeni CMO, saxi eidobpadiceHi &
CIPYKMYPHO-ABIMOMAMHIU MOOE:

KF — KUJIBKICTH CTaHIB JOJAaTKOBOT'O JIAHIIOYKKA;
UL 3aKOoHy posnominy Epmamra 3-ro mopsaky
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KF=3;

A - IHTCHCUBHICTh BiJIMOB KaHaITy
00CITyTOBYBaHHS;

L — IHTEHCHBHICTh BiJHOBIICHHS KaHaJy
00CITyTOBYBaHHSI;

0. — IHTEHCUBHICTb HaJIXOKCHHS 3a5BKH;

B — iHTeHCHBHICTh 0OPOOKH 3asIBKH;

m — MaKCUMaJIbHA KUTBKICTh 3asIBOK B Uep3i.

Komnonenmu eexmopa cmany:

V1 — BKa3ye Ha IOTOYHY KIJIBKICTh 3asBOK B
4yep3i; MmovyarkoBe 3HaueHHA V1=0; MakcumanbHE
3Ha4YeHHS KOMIOHEHTH V 1=m;

V2 — onwmcye cTaH kaHany oOciyroByBaHHS; 1 —
KaHaJ CIIpaBHUN 1 BUTBHWH; 2 — KaHaN CIIpaBHUM 1
3aHATHI OOCIyroByBaHHSIM 3asBku; 0 — KaHam
HECIIPaBHUU;

V3 — inauKaTop BTPATH 3asIBOK;

V4 — pgopaTkoBa KOMIIOHEHTA, sSKa BH3HAYaE
nepeOyBaHHS CHCTEeMH Yy (IKTHBHHX CTaHaX
JOJAaTKOBOTO  JIAHIIOXKKA; MOYAaTKOBE 3HAYCHHS
V4=KF.

Onuc cumyayiii, 6 sAKux 6i00ysaromvcs 06a3086i
nooii:

Tomis 1. «I[Ipuxia 3asBKH HA 00CIYTOBYBAHHS.

Ilomis «llpuxim 3asBKE Ha OOCIYTOBYBaHHS
3aKiHYy€ 1HTEpBaJl 4Yacy «OYiKyBaHHS YeproBoi
3asBKU». Jl7s TpuBalocTel MBOTO IHTEpBAy €
CIIPaBEINIMBUM 3aKOH posmoaiury Epmanra. Takum
YUHOM CTaHH, B SIKUX BiJI0YBa€ThCS HAIXOJKCHHS B
CUCTEMY 3asBOK, HEOOXiJIHO 3aMiHUTH JIOJaTKOBUM
JIAHITFO)KKOM, SIKUH CKIIAZA€ThCS 3 TPHOX (PIKTUBHUX
CTaHiB 3 IHTCHCHBHICTIO TEPEXOMdIiB MDK IHUMHU
CTaHaMH 0.

3rigHO  TEeXHOJOTii MOJENMIOBaHHS B  OIUC
CUTYyaIlii, B SIKUX BigOyBaeThCs momis 1, HEOOXimHO
BHECTH O3HAKH, sKI BHU3HAYAIOTh MPOLEAYPY
(hopMyBaHHS TOTATKOBUX JIAHIIOKKIB rpada cTaHiB
1 IEPEeXOIiB.

IMomis 1 € He3anexxHor 1 BifAOyBaeThes 0e3
YMOBH TIpu TpboX oOctaBuHax. OnmHak npu
MIpe/ICTaBIeHHI O00CTaBWMH Tpeba BpaxyBaTH, IO
peanpHa moxis 1 BimOyaeTbcss B OCTAHHBROMY CTaHI
JIOJTATKOBOTO JIAHIIFOKKA. A TIEpEeXO[¥ MiX IHIIMMHU
(momepenHiMM) CTaHAMU JIAHITFOXKKA 1HIMIIOE TaKOXK
moxist 1, ame ii cimimg BBakaTw (ikTHBHOIO. ToMy Yy
(dhopMaizoBaHe NPEACTABICHHS KOKHOI 00CTaBUHU
HEOOXiJIHO IOJaTH O3HAaKy TOTO, B SKWUW CTaH
JIOMAaTKOBOTO  JIAHITIOXKAa (OPMYEThCS  TIEPEXifT
(octanHniit yu Hi). ToOTO 0OCTaBUHM MalOTh OYTH
MIPEJICTABJICHUMH JIBOMA MianyHKTamu. Lle BaxxiauBo
TOMY, IIO JUI KOXKHOI 00CTaBUHU HEOOX1THO 3a7aTh
pi3HI TpaBmiia Moawdikamii KOMIOHEHT BEKTOpa
CTaHiB.

Ob6cmasuna la. Kanan oOcCIyroByBaHHA €
nparne3gaTHuM 1 ButbHUM (V2=1), a gepra 3asBOK €
nopoxkapor0 (V1=0). O3naka mepeOyBaHHSI HE B
OCTaHHBOMY  CTaHI  JOJATKOBOTO  JIAHITFOXKKA

(V4>=2). [Insa obcraBuam la mpaBmwio Moaudikarii
KOMITOHEHT BEKTOpa CTaHy Ma€ BU3HAYATH NepeXif B
HACTYIHHI CTaH AOJAaTKOBOrO JaHItoxkKa (V4:=V4-
1).

Obcmasuna 16. Kanan o0OCIyroByBaHHS €
npane3aaTHuM i BitbHUM (V2=1), a uepra 3asBOK €
nopoxHeoro  (V1=0). O3naka mnepeOyBaHHA B
OCTaHHBOMY CTaHi JTOJATKOBOTO JaHITiokKa (V4=1).
Tenep 3asiBKa, MO HAaIXOAWTh, MOCTYIAaE€ B KaHAI
obciyroByBanHs. ToMy mis o6ctaBuam 10 mpaBmito
Moamdikamii KOMIIOHEHT BEKTOpa CTaHy Mae
MOBEPHYTH KOMIIOHEHTI V4 TMouYaTKOBE 3HAYCHHS
(V4:=KF) i 3MiHUTH cTaH KaHaly OOCIyrOBYBaHHS
(V2:=2).

Obcmasuna 2a. KaHam o00CIIyTOBYBaHHS €
npane3fgaTHUM 1 3alHATHH ~ 0OCIyroBYBaHHIM
3asBku (V2=2) abo HecmnpaBuuii (V2=0). B uep3i €
3a8BKM, IIPOTE€ BOHA HE 3allOBHEHA 1O KIHLSA 1 e
3aJMIIAE€ThCA Micle U 3asiBOK, SIKi NMpPUOYBAaIOThH
(V1<m). Osnaka mepeOyBaHHS HE B OCTaHHHOMY
cTaHi JmomaTkoBoro JjaHImioxkka (V4>=2). [na
o0cTaBUHM 2a TPaBUIO MOAMMIKAIi KOMIIOHEHT
BEKTOpa CTaHy Mae€ BU3HA4YaTH TUIBKH TEpexin B
HACTYITHUM CTaH JOJATKOBOTO JaHIioxkKa (V4:=V4-
1).

Obcmasuna 26. KanHan o0OCIyroByBaHHS €
Mpane3NaTHUM 1 3alHATHH  0OCIyrOBYBaHHSM
3asBku (V2=2) abo HecmpaBuuii (V2=0). O3Haka
nepeOyBaHHS B OCTaHHHOMY CTaHi JIOJJaTKOBOTO
nanmioxkka V4=1. B 4ep3i € 3asBKku, MpoTe BOHA HE
3al0BHEHA 0 KIHII 1 1€ 3aJUINAETHCI MICIE IUIS
3asBOK, sAKi mpuOyBaroTh (VI1<m). s obcraBuHU
20 npaBwiio MoanQikamii KOMIIOHEHT BEKTOpa CTaHy
Ma€e TIOBEpHYTH KOMIIOHEHTI V4  MOYaTKoBe
3HadeHHsA (V4:=KF) i 3MIHUTH TOTOYHY KUIBKICTh
3asBOK B uep3i (V1:=V1+1).

Ob6cmaeuna 3a. Kanan oOCIyroByBaHHS €
mpare3gaTHUM 1 3aiHITHA ~ 0OCITyTOBYBaHHSIM
3aaBku (V2=2) abo HecmpaBHui (V2=0), a uepra
3asBOK €  3anoBHeHow  (V1=m). OsHaka
nepeOyBaHHS He B OCTAaHHHOMY CTaHi JOJaTKOBOTO
nmaHIiokka (V4>=2). Jlna obOcraBUHH 3a TIPaBHIIO
Moaudikamii KOMIIOHEHT BEKTOpa CTaHy Mae
BU3HAYATH TIUIbKH TepeXiJi B HACTyNHHUHA CTaH
JIoIaTKOBOTO JaHIoxkka (V4:=V4-1).

Obcmasuna 36. Kanan o0OCIyroByBaHHS €
npane3fgaTHUM 1 3alHATHH ~ 00CIyroBYBaHHIM
3asBku (V2=2) abo HecmpaBumii (V2=0), a depra
3adBOK € 3amoBHEHOIO (V1=m). B Takomy BuUmanky
HOBompHuOyNa 3asBKa BTPAYa€ThCS, a IMPABHIIO

Monmu(ikamii KOMIIOHEHT BEKTOpa CTaHy IS
obcraBuHM 30 Mae TOBEPHYTH KOMIIOHEHTI V4
noyarkoBe 3HadeHHs (V4:=KF) 1 3wmiHuTH

KOMIIOHEHTY, sIKa CHTHAJ3ye TpPO BTpaTy 3asBKU
(V3:=1).
IHTeHCHBHICTD MOAIT 1 BU3HAYAE TTApaMETP d.
Homis 2. «3aBeplieHHs  00CAYrOBYBaHHS
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3asgBkm». [lomiss 2 BimOyBaeTbcs 3a YMOBH, IO B
KaHa 00CyroByBaHHs € 3asBka (V2=2) i npoiiec B
JIOJTATKOBOMY JIaHIIOKKY € 3aBepuicHUM (V4=KF)
Ta 32 HACTYIHHUX JIBOX 0OCTaBUH:

Obcmasuna 1. Yepra 3asgBOK € TOPOKHBOIO
(V1=0). B rtakomy Bumaaky oOcCIyKeHa 3asBKa
3BUIBHIOE  KaHan  oOcimyroByBaHHs.  lIpaBuio
Moaudikamii KOMITOHEHT BEKTOpa CTaHiB
3aMyCy€eThesl HacTymHUM YyiHOM (V2:=1).

Ob6cmasuna 2. Yepra 3asBOK HE € TIOPOKHBOIO
(V1>0). Ilo 3aBeprneHHi 0OCTyroByBaHHS 3asBKa
MOKHUIa€ KaHall 00CIyrOBYBaHHS, a B HOTO BiIpa3y
HAJXOJIUTh HACTYIHA 3asiBKa, sSKa 3HAXOAWJIACS B
yepsi. [IpaBmiio momudikarii KOMIOHEHT BEKTOpa
CTaHy 3alUCY€EThCSA HACTyMHUM YrHOM (V1:=V1-1).

[HTeHCUBHICTH MOAIT 2 BU3HAYAE TTApaMETP [3.

Tlomis 3. «Brtpara mnpane3gaTHOCTI KaHaIy
obcnyroByBanuay. [lomiss 3 Moxe BigOyBathcs 3a
YMOBH, III0 KaHaJ 0OCIYyTrOBYBaHHS € Mpane3aTHUM
((V2=1) abo (V2=2)) i nogaTtkoBui MpoleC, KU
Mozeoe mosBy momii 1, 3aBepmeno (V4=KF). s
noJ1ii 3 iCHye Tpu OOCTaBUHH:

Obcmasuna 1. Kanan oOCIyroByBaHHS €
cnpaBHUM 1 BimbHEM (V2=1) Ta depra 3asBOK
BimcytHs (V1=0). Jlms oOcraBuam 1 mpaBmIIo
Momudikamii KOMIIOHGHT BEKTOpa CTaHy Mae
BH3HAUaTH TMepeXiJ] KaHally OOCIyroByBaHHS B
Hemparne3aaTauit cran (V2:=0).

Ob6cmasuna 2. Kanan o0cIyroByBaHHS 3aiHATHIA
oOcimyroByBaHHsM 3asiBku (V2=2), a wuepra €
nopoxxHbo10 (V1=0) ab0 He € 3aIMOBHEHOIO 10 KiHIIS
(V1<m). Ilpu BTpaTi KaHAJIOM MPALE3IAaTHOCTI
3asBKa, fKa B Il 4ac 0OCIyroByBaiach
MOBEPTAETECA B UYEPry, a KaHal NEePeXOIuTh ¥y
HeTpare3qaTHuil ctad. ToMy mpaBuiao Momudikarii
KOMITOHEHT BeKTopa crany Mae Burnia (V2:=0);
(V1:=VI1+1).

Ob6cmasuna 3. Kanan 006cTyroByBaHHS 3aiHATHI
oOcimyroByBanHsiM 3asiBku (V2=2), a wuepra €
MOBHICTIO 3anmoBHEHOIO (V1=m). B Takomy BUmaaxy
IIpH BTpPaTi KaHAJIOM IpaIe3qaTHOCTI 3asiBKa, IKa B
el dac OOCIyroByBaJlaCh BTPayaeTbCs, a KaHAI
MEepPexXouTh B Henpane3gaTHuii craH. [IpaBuio
Monu(ikamii KOMIIOHEHT BEKTOpa CTaHIiB Mae
Burisig (V2:=0); (V3:=1).

IHTeHCUBHICTH MOAIT 3 BU3HAYAE TTApaMeETp A.

Homis 4. «3aBeplieHHs PEMOHTY KaHAIy
obcnyroByBaHHMY. Ll momis BimOyBaeThbCs TIPH
YMOBI, 111(0) KaHaj 00CITyrOByBaHHS €
HenpanesgatauM  (V2=0) 1 momaTkoBUil mpoIiec,
SIKUH Mojietoe mosiBy moii 1, 3aBepmeno (V4=KF).
st moxii 4 icHye nBi OOCTaBUHMU:

Ob6cmasuna 1. 3asBku B uep3i BiacytHi (V1=0).
s o6craBuHM 1 mipaBmiio Moaudikarii KOMITIOHEHT
BEKTOpa CTaHy Ma€ BU3HAYATH (3a7aBaTH) TEpexin
KaHaly oOCIyroByBaHHS B Tpale3aTHHH CTaH
(V2:=1).

Obcmasuna 2. B dep3i € 3asBku (V1>0). B
POMY BHMAJIKy KaHan OOCIyroByBaHHS Biapa3y
OTpUMY€ 3asBKy, sKa 3Haxomwiach B uepsi. s
oOctaBuHM 2 mpaBmio Moau(ikamii KOMIOHEHT
BEKTOpa CTaHy Ma€ BU3HauaTu (3alaBaTH) Iepexin
KaHaly  OOCIYroByBaHHS B CTaH  3alHATHH
obOciayroByBaHHsIM 3asBkH  (V2:=2), a Takox
3MEHIIICHHS 4epry 3a1Bok (V1:=V1-1).

[HTeHCHBHICTD MOAIT 4 BU3HAYAE TTApaMETP L.

Ilobyoosa 2pagpa cmanie ma nepexooie. 3a
JIOTIOMOTOF0  TIporpamMHoro Moxyis ASNA-1, nHa
ocHOBI po3pobinennx CAM, oTtpumaHo 2 Mozeni
CMO vy Burmaani rpada cTaHiB Ta MEpexomiB,
300pakeHUX Ha pUCYHKaxX 3 i 4.

T O
By

Puc. 3 — Mogeas CMO tuny M|M|1]2 y Burasai
rpadga craHiB Ta nepexonis, sk JHCC
MAapKOBCBKOT0 THIY
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Puc. 4 — Moaeas CMO tuny E3|M|1|2 y Burasai
eKBiBaJIEHTHOTO rpada cTaHiB Ta nepexoais, K
JHCC MapKoBCHKOT0 THIY 3 BAKOPHCTAHHSM

(10" 123
a—{ 19 Ja—a—{ 18 )

U

merony PE
Dopmyeannsa  nNOKA3HUKi@  egpekmueHnocmi
oocnioxncysanoi  cucmemu. 3 BUKOPHCTAHHAM

3HaYeHb WMOBIPHOCTEH TMepeOyBaHHA B CTaHaX,
OTPUMaHHX B PE3YyJbTaTi PO3B’SA3aHHSI CHCTEMH
mudepeHLianbHuX piBHAHE KonmMmoroposa-YenmeHa,
3MIACHIOEThCS OOpaXyHOK HEOOXITHHMX TOKa3HHKIB
e(heKTUBHOCTI, a caMe «MMOBIPHICTb BTPATH 3aSBKID)
Ta «HAMOBIpHICTh IepeOyBaHHsS 3asiBKH B KaHaJl
o0ciryroByBaHHs». B maHoMy BHIIQJKy MOKa3HUKH
e(heKTUBHOCTI (hopMyrOThCS [UITXOM
MJCYMOBYBaHHS  HMOBipHOCTEH  mepeOyBaHHS
CHCTEMH B TICBHHUX CTaHaX.

VIMOBipHIiCTb BTpaTH 3asBKM PO3PaXOBYEThCH, AK
cyma iimoBipraocTeit nepedyBanus JJHCC y craHax,
ne 3adikcoBana Brpara 3asBku. Jlna JHCC
MapKOBCBKOTO THITy, Ipad CTaHiB SKOI 300pakeHO
Ha puc. 3, me cramm S5 1 6; ma JHCC
HEMapKOBCHKOTO THITY, Tpad CTaHIB K0T 300paXKeHO
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Ha puc. 4, nie craam 22 i 23. Tomy dopmynm s
pO3paxyHKy MMOBIPHOCTI BTpaTH 3asiBKH MalOTh
TaKUU BUTJIAL:
Pop(6)= Py(e)+ (1) @
})smp (t) = P22 (Z)+ })23 (t) (3)
3HaueHHs WMOBIPHOCTEH BTpATH 3asBKU IS
CMO MM|12 craHoBUTH P,,,=0,125 1 nnd
E3M|1|2 cranoButh Py =0,255.

MoBipHicTs TIepebyBaHHS 3asBKM B KaHA
OOCIIyTOBYBaHHSI ~ PO3PAaxXOBY€ThCS, AK  CyMma
itmoBipHocTelt niepedyBanusa JHCC y npate3gaTHux
CTaHaX, B SKMX KaHaJl OOCIyroBYBaHHS 3alHATHH
00CITyTOBYBaHHM 3a5BKH. Jost JIHCC
MapKOBCBHKOTO TUIY pHc. 3 1e ctanu 2-5; mia JHCC
HEMapKOBCbKOTO Tully ue cranu 4-7, 11, 12, 17, 20,
21, 23. Tomy d¢opmynu sl pO3PaxyHKY
WMOBipHOCTI  TlepeOyBaHHA 3asBKA B  KaHai
00CITyTOBYBaHHS MalOTh TAKUN BUTITIAL;

P ()=Py()+ P,(1)+ P,()+ P,(t)  (4)

Pal)= RO+ RO+ )+ o

+ 7(t)"ipzo(t)+le(t)"‘Pza(t)

o

3HaueHHs HMOBipHOCTI TepeOyBaHHS 3asBKU B
kaHaiai oOcmyroByBanHs mi1s  CMO MM|1|2
cTaHOBUTh P,5.=0,750 1 nna E3|M|1|2 craHOBHUTH
P,;.=0,962.

OTtprMaHa pi3HUI MK 3HAYEHHSMH MTOKa3HUKIB
e(heKTHBHOCTI MiITBEPIIKYE TTOTTUTBHICTD
YCKJIaJTHECHHS MOJIE/ 00’ €KTa JOCIIKCHHS.

3. BACHOBKU

YI0CKOHAIGHO  TEXHOJIOTIO
MOBEMIHKH  CKIAQJHUX  CHCTEM, MaTeMaTH4He
TIPEACTABIICHHS SIKUX BIZIITOBiA€E JIHCC
HEMapKOBChKOro  THmy. lle  yJockoHalleHHsS
JIO3BOJISIE 3IMICHIOBATH aBTOMAaTH30BaHy TOOYJIOBY
rpaga cramiB Ta mepexomiB i1 JHCC
HEMAapKOBCHKOT'O THIy 3 BUKOPHCTAaHHSIM METOMY
(a3 Epnanra 3a J0moMororw MmporpaMHOrO MOJYJIs
ASNA-1. VYnockoHalleHa TEXHOJIOTiA IIiIBHIIYE
CTYTIHb aJCKBATHOCTI MOJICJICH CKIQIHUX CHCTEM 3a
PaXxyHOK BpaxyBaHHS peallbHUX 3aKOHIB PO3IOMALITY
JUIS TPUBAJIOCTEH TpOIenyp, fAKi 3 HEOOXiTHOIO
TOYHICTIO MOXHA ampoKCHMYBATH 3a JOMOMOTOIO
3aKoHy po3noniny Epmanra.

3aificHEHO MOPIBHSHHS [IOKA3HUKIB
eeKTUBHOCTI  cucTeMu 00poOku  iHdopmarlii
MPEJICTABICHOT MapKOBCHKOIO Ta HEMapKOBCHKOIO
JHCC. PizHuns Mix pe3ylbTaTaMHu HiATBEPIKYE
aKTyallbHICTh ~ BPaxyBaHHS pEallbHOTO  3aKOHY
pO3IOAUTY TP MOJEIIOBaHHI MOBEAIHKA CKJIAIHOT
CUCTEMHU.
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Bosiouyiti bozdaH HKOpitio-
euy, npogecop, OOKMOpP
MEeXHIYHUX HayK, rpogecop
kagheldpu
padiomexHiku i padiosu-
MiprogaHb  HaujoHarnbHO20
YHisepcumemy «JIbgigcbKa
rnosiimexHika.

Aemop noHad 150 nyb6ni-
Kauil, 30Kkpema 2 MoHoepadgili, 2 Has4asbHUX

nocibHukie, 4 suHaxoldis. Cmax nedaz2o2iyHoi

pobomu y suwiti wkoni — noHad 35 pokis.
Haykoei iHmepecu: meopis | npakmuka

cucmeMomexHiYHoO20  rpoekmygaHHsi  padio-

e/1eKMPOHHUX iHGhopMaUiliHUX cucmem.

O3sipkoecbkuli JleoHiod
HeoHicitioeuy, OoueHm,
KaHOudam MexHIYHUX Hayk,
OekaH IHcmumymy merne-
KoMyHikauid, padioene-

mexHiku, doueHm kaghedpu
meopemuyHoi  padiomex-
HiKU ma padiosumMiptogaHsb.

meopemuyHoi

KMPOHIKU ma efieKmpoHHOT

Cmax nedazoeiyHoi pobomu y euwii WKosi
— rnioHad 10 poxis.

Onyb6nikosaHo noHad 50 cmamel ma 25
HayKo80-MemoOUYHUX pO3POBOK, 8 MomMy Hucrii
2 HagyaribHUX MOCIGHUKU.

Hanpsm Haykoeux 0ocnidxeHb -
pPO3pObIEHHS memodis ma 3acobis
modentoeaHHs hyHKUiOHaIbHOI ma HalilHiCHOI
rnosediHKU rnpoepaMHo-anapamHux iHghopma-
yitHUXx cucmem.

Kynuk lzop Bonodumu-
poeud, acriipaHm Kaghedpu
meopemu4Hoi  padiomex-
Hiku i padiosumiprosaHb
HauioHarnbHO20 YHieep-
cumemy «JIbsigcbka rorsii-
mexHika». Aemop 3 cma-
med.

Hanpsm Haykosux 0oc-
nidxeHb — po3pobka mame-
modeneli  MexHIYHO20  0bCIy-

MamuyHuUx
2o8ygaHHs 06’ckmig iHhopmMmauilHoi Mepexi
38’A3KYy.
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Abstract: The goal of the paper is the construction of behavior models of discrete-continuous stochastic systems of
non-Markov type by the method of Erlang’s phases. The improved method of formalized construction of behavior
models as a graph of states and transitions is developed. Since this method is a part of technology modeling discrete-
continuous stochastic systems, now the process of construction of behavior systems of non-Markov type is automated.

Keywords: mathematical model, the behavior of the system, the method of phase of Erlang, Markov models.

1. INTRODUCTION

To construct the behavior models of complex
technical systems, such as a discrete-continuous
stochastic systems (DCSS), in [1] proposed a
method of forming the graph of states and
transitions, the degree of formalization whose
allowed to automate this process. This method is
incorporated into the technology of modeling the
behavior of complex systems [1], based on which
developed a software ASNA-1. The software
ASNA-1, intended for designing fault-tolerant
systems, provides the error-free building of the
graph of states and transitions and calculates indices
of reliability (reliability as a function of time R(t)
and MTBF) fault-tolerant systems [2]. Based on the
graph, the mathematical model of the research object
is formed as a system of differential equations of the
Kolmogorov-Chapman. This model imposes a
condition on the object of research, which consists in
that the duration of all processes in it are distributed
according to exponential distribution law.

But, for many research objects, that condition
reduces a degree of adequacy models and made an
error in the result. For example, in models of fault
tolerant systems with maintenance for the duration
of recovery and in models of queuing systems for
the duration of maintenance applications is
recommended Erlang distribution law [7]. To build
such models use the method of phase of Erlang (PE)
[3-6], which allows non-markov discrete-continuous
process, the duration whose are distributed by law

Erlang approximate by Markov processes.
According to this method a graph of states and
transitions need transform by replacing the
corresponding states by chain of fictitious states. But
using this method for objects of research with a large
number of states without automation tools is time-
consuming task.

2. THE IMPROVEMENT OF THE
TECHNOLOGY OF BUILDING THE
BEHAVIOR MODELS OF DISCRETE-
CONTINUOUS STOCHASTIC SYSTEMS

In [8, 9, 10], has been performed the detailed
consideration of features of using the method PE and
proposed the method of formalized constructing of
behavior models of systems non-markov type. This
methodology allowed improved the method of
constructing of behavior models as a graph of states
and transitions. Such as the method is a component
the technology modeling [1], the process of building
of behavior model systems non-markov type is
automated.

The essence of this improvement is follow:

1) In forming verbal model system for the
duration of non-markov processes determined the
mathematical model of the real law of probability
distribution  (density  distribution  f(t), the
mathematical expectation mec, variance o©2) and
determined the parameters approximating the
distribution or composition distribution laws Erlang.

2) In the method of construction of structure-

270



Bohdan Y. Volochiy, Leonid D. Ozirkovskyy, lhor W. Kulyk / Computing, 2012, Vol. 11, Issue 3, 270-271

automatic model of the research object be included
the following additions.

In forming the state vector need designate
additional components of the vector state that define
DCSS stay in fictitious states additional chains. The
number of additional components of the vector state
defined by the number of processes whose duration
is non-exponentially distributed.

When building a event tree the basic events that
cause the appearance non-markov processes DCSS,
except the conditions that describe situations in
which the event occurs, must be create two
additional indicators, that will determine the staying
system in n fictitious states additional chains in
Fig. 1.

The first indicator reflects staying DNSS in
fictitious states from S; to S,.;. This indicator is
written as follows V> = 2, and a rule modification
of component state vector has the form Vy: = V.

The second indicator reflects the completion
staying DCSS in the last position S, of additional
chain. Formalized recording of this sign is as Vi = 1.
In forming the rules of modification component of
the vector states need to set the initial value
component Vi, and change the appropriate
components that reflect the transition to the next real
state of the object of study.

Using the method of PE in most cases can not
accurately reproduce the selected order Erlang
distribution law. Therefore, after solving the
differential equations necessary to verify the
accuracy of approximation of the real distribution
law. Checking the accuracy of the approximation,
made by comparing the actual parameters of the real
distribution law to be determined by the construction
the verbal models and calculated parameters of the
approximating distribution law.

3. CONCLUSIONS

The technology of modeling the behavior of
complex systems, mathematical representation
which corresponds DCSS non-markov type is
improved. This improvement allows exercise the
automated build of the graph of states and transitions
for DCSS non-markov type using the method of
phase of Erlang using the software ASNA-1. The
improved technology increase the adequacy of
models of complex systems by taking into account
the real distribution laws for the duration of

procedures with sufficient accuracy can be
approximated by the distribution Erlang.
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PO3POBKA CUCTEMU KEPYBAHHA CEMAHTU4YHUMWU MEPEXAMU
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Pestome: Poboma npuceésauena cemMammuynum mepexcam — cnocody npeocmagienus 3Hanv y eudi nabopy 6ysnis-
cymuocmetl 00 €0HAHUX 3a O0NOMO2010 pebep-38 53Kki6. 30ilicheno 02110 icmopii po36umKky ma Cy4acHO20 CMAHy
CeMAnMUUHUX Mepedsic, 002pYHMO8ano axkmyanvHicms npobaemu. Onucano npoyec npoexmyeanus ma po3pooKu
cucmemuy  KepyBaHHs CEeMAHMUYHUMU MEPelCaMU: NPOEKMYBAHHA CMPYKMYp OQHUX, PpO3POOKY ani2opummis
CEMAHMUYHO20 AHANIZY MEKCMIB YKPAiHCLKOI MO6010, 8ubIip ancopummis eizyanisayii epagosux cmpykmyp OaHux,
peanizayito  Kopucmysayvkoeo iHmepgheicy y euenadi Web-0ooamky. Po3pobnena cucmema € ROBHICMIO
@yHRYioHanbHUM 3ac000M NOOYO08U MA OOCTIONCEHHS CEMAHMUYUHUX MEPedHC, Wo NiIOmeepous ceor eheKmusHicmes ma
noCayIHCUMsb 6A308010 NAAMGPOPMOIO 0151 NOOATLULUX OOCTIOHCEHD.

Kua104oBi cnoBa: cucmema Kepy8aHHs ceMaHMUUHUMU Mepexcamu, CeMaHmMuyHa mepexcd, CeMaHmudHull auanis,
gisyanizayia epagis.

DEVELOPING SEMANTIC NETWORK MANAGEMENT SYSTEM

Yuriy Semchyshyn, lvan Kulpa, Igor Kolosovskyi,
Oleksandr Hrechnikov, Petro Hayda

Lviv National Technical University
12 Stepana Bandery Str., Lviv, 79013, Ukraine
e-mail: 7th@ukr.net, ivan.kulpa@gmail.com, igor.kolosovski@gmail.com,
sansofter@gmail.com, fezundo@gmail.com

Abstract: The paper considers semantic networks. It is a way of representing knowledge as a set of nodes-concepts
connected by edges-relations. The history and current state-of-the-art of semantic networks is analyzed. The experience
of designing and developing semantic network management system is described in four sections covering the following
topics: data structures design, semantic analysis algorithm implementation, graph visualization methods selection and
Web-based user interface development. The developed system is fully-operational tool for building and studying
semantic networks. The system will be used for the further research.

Keywords: Semantic Network Management System, Semantic Network, Semantic Analysis, Graph Visualization.

BCTYN (Carl Linné) 1735 poky, sika ONHCY€ MPHHIUIN
MONITy JKUBUX ICTOT HA KIacH Ta BHU3HAYAE
BITHOIICHHS Mi>kK MMM Kitacamu [ 1].

Onnum i3 HOBaTopiB cBoro yacy OyB Dpiapix
Jroaeir T'otno6 ®pere (Friedrich Ludwig Gottlob
Frege) — wmimenpkuii marematuk i Qimocod, sxuit
MPEICTaBUB JIOTiUHI (OPMYJIH y BHUIJIAII JIEPEB.
®pere BiI3HAUMB PI3HUIIO MiXK CEHCOM 1 3HAYCHHSAM
MOHATTS, IO 3aJA€ThCs JCAKUM imeHeM. Ilix

CemanTnuna Mepexxa (Semantic Network) — e
crnoci0 mpeacTaBieHHs 3HAHb Y BUII HA0OPY BY3IiB,
SIKI TIPEJICTABIISAIOTE COOOI0 JesiKi CYTHOCTI Ta €
00’cMHaHMMH 3a  JOIIOMOrOI  3B’A3KiB, IO
OTIMCYIOTh BIAHOIIECHHS MiX HUMH.

Inest cucremarmsaiii 3aco0aMu  CEMaHTHYHUX
BiJTHOIIICHD 3apOJAMIIACH I Y JAJICKOMY MHHYJIOMY.
Hamnpuknan, 6ionoriuna xracudikamnis Kapna Jlines
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3HAYCHHSM BiH PO3yMiB TPEAMETHY O00JIacTh, sKa
Ma€ BiJHOIIEHHS [0 3aJaH0ro iIMEHi, a I CEHCOM —
JCSKUU  acleKT 3aBIsSKA SKOMY BiIOyBa€eThCs
meperya AaHoi mpeaMmetrHol obnacti. [lapu imew,
[0 MarTh OJHAKOBE 3HAYCHHs ajle PI3HHHA CEHC
OTpUMAIId Ha3BYy «CEMAaHTUYHHUX TPUKYTHUKIBY, a00
«TpuKyTHUKIB Dpere» [2].

[IporoTnmiom CeMaHTUYHHX MeEpeX MOXKHA
Ha3BaTH €K3UCTeHIIanbHI rpadu Yapasza Cannepca
[lipca (Charles Sanders Peirce), ski BiH
3anpononyBas B 1909 porti [3]. Lli rpadu Oymm Bxke
OUThII CXOXI HAa CydYacHI CEMaHTHYHI Mepexi, B
SKUX 3a JIOTIOMOTOK JiarpaM 300pakyBayucs
noriuHi TBepxkeHHs. [lipc BBaxkaB, Mo Take BimoO-
paXXeHHS MOKHA Ha3BaTH «JIOTiKOI0 MaiOyTHHOTOY.

B po3BUTKY CEMaHTUYHHX MEpEX BaXIIUBY POJIb
BiZlirpanu poOOTH BiJOMOTO HIMEUBKOTO MCHXOJIOTa
Otro 3empma (Otto Selz), sxuii BHBYAB MPOIECH
MuciieHHs. [l 300pakeHHs acolialiiil i MoHITh BiH
BUKOPUCTOBYBaB BY3IH 1 Jyrd, TOOTO rpadu.
PobOotn 3enplia Maiu BeNWKHAH BIUIMB HA 1HIINX
BUCHMX, SKI BHUKOPHCTOBYBaJIM Horo imei s
MOJICTTIOBAHHS JIFOJICBKOTO PO3YMY.

3HaYHOTO TIOIITOBXY PO3BUTKY CEMaHTHYHUX
Mepexx Hamama poboTa OOHOTO 3  BHIATHUX
miareictiB XX cromitts ¢paniysa Jlrocena Tenbepa
(Lucien  Tesniure) mim  Ha3zBow  «OCHOBH
CTPYKTYpPHOTO CHHTAaKcucy» [4]. B mii kHHU3I
HIeThcs PO CHHTAKCHYHI 3aJIe)KHOCTI, 3B’ I3KH Ta iX
BiOOpakeHHsI y BHUIVIALI JepeBa 3aJIC)KHOCTEH.
Cawme Tenwep Bepine omucaB MO CHHTAKCUCY Ha
CTATUYHUKA 1 AMHAMIYHHAN a TakKOo)X BBIB ITOHSTTS
BaJICHTHOCTI, 1[0 BU3HAYAE CIIOCOOM ITOETHAHHS CITiB
3 IHIIMMH eJIeMEHTaMH.

Ilepmry nmirody ceMaHTHYHY MEpPEXy pO3pOOHB Y
1956 poui Piwapx Piwenc (Richard Richens) mpu
po0OTi Ham TPOEKTOM MANIMHHOTO IEPEKIaTy
KeMOpHmKChKOTO JOCTiHUITFKOTO MOBHOTO IIEHTPY
(Cambridge Language Research Unit). Cucrema
PiueHca BHKOPHCTOBYBalla CEMaHTUYHY MEPEKY B
SIKOCTI TPOMDKHOT (OPMH TPENCTaBICHHS NpH
3MIMCHEHHI MAIIMHHOTO TIEPEKIIay.

Hactymay  Bepcito  cucremMu  po3pobuiia
aHriificeka gociimauns  Mapraper Macrtepman
(Margaret Masterman) B 1961 pomi; cucrema
BKIIOYasia B cebe Omm3pko 100 KOoHIENTyaIbHHUX
MPUMITHBIB, 3a JIOTIOMOTOI0 SKHUX OYyJIO OIHCaHO
ommpko 15000 momsaTs. Cucrema MacTtepman
IpU3HaYaNacs s HaliBaBTOMATUYHOTO MEpeKIaay
OKpeMHX  a03amiB  ypsAAOBUX  JOKYMEHTIB 3
aHryificbkoi MOBM Ha (hpaHIy3bKy Ta JaBaja
MOXJIMBICTh 3IIMCHIOBATH TIEPEKIam ocodam, siKi He
3HAIOTh (paHily3bkoi MoBU [S]. [ociimkeHHs B
IbOMY HaIpsMKy TpoIoBkyBaB Mopic BinceHT
Binkc (Maurice Vincent Wilkes).

IixaBoto € poboTa Poca Ksiniana (Ross Quillian)
1968 poky, B sIKili BiH ONHCY€E BIACHY CEMaHTHUHY

Mozaens. OCHOBHMM mpumnmymeHHsM Kimiana 0yio

Te, MO0 3HAYCHHS KOXKHOTO CJIOBA MOXKHA TIpel-

CTaBUTH Yy BUTIISAJI BEIUKOI KIIBKOCTI acomiaiii,

KOXXHY 3 SKHX, B CBOIO Uepry, TaKOX MOKHA

JeTanizyBaTi. B pe3ynbTaTi yTBOPHUTHCS BEIHUC3HA

MaByTHHA BY3JIiB 1 BIIHOLICHb MK HUMHU [6].

Ax mo xiHIg 1970-x poKiB ceMaHTHYHI Mepexi
HEe Majiil BeNMnKol momyispHocTi. [IpoTe Ha mowatky
1980-x BOHM HaOyBarOTh 3HAYHOI MOIIUPEHOCTI,
30KpeMa B CHCTEMaX INTYyYHOTO IHTENEKTy s
MIONIYKY BIAMOBINEH Ha TOCTABJICHI 3aIUTaHHS Ta
JMOCTI/DKEHHS  TpOIleciB  HaB4yaHHi. Ha  xainsb,
amapaTHi 3aco0M TOTO Yacy HE JaBaJld MOXKIHBOCTI
CTBOpEHHS  MacmTaOHUX  CcUCTeM Ha  0asi
CEMaHTHYHUX MEPEXK.

A Bxe Ha mouatky 1990-x pokiB Ha OCHOBI Teopii
CEMaHTHYHHX  MEpPEeX  BHHHKAE  KOHIICIIis
ceMaHTHYHOI TaByTHHHU (Semantic Web), aBTopom
sxoi BBaxkaeTbest Tim bepuepce-JIi (Tim Berners-Lee)
[7]. Ls xoHuemiis Mae Ha METi 3IIHCHEHHS
CEMaHTHYHOI PO3MITKH 1HGOpPMAIIHHAI pecypciB
Mmepexi Internet. PoOoTy Haj craHmapTu3aliero
CEeMaHTHYHOI MaByTHHHU OyJI0 AOPYUYEHO OpraHizawii
«RDF Interest Group», Ha3Ba skoi 2004 poky
sMiHmIach Ha «Semantic Web Interest Groupy.
[lepmmM TpPOEKTOM, 3aCHOBAaHWM Ha KOHIICTIIIIT
CEMaHTHYHOI TAaBYTHHH OYB TMPOEKT IIiJi Ha3BOIO
«Dublin Core», B Mexax sKoro Oyjo po3poOJeHO
Kpocc-IUTaTGOPMEHHI CTaHIApTH METaJaHuX, SKi
MOXYTb BHKOPHCTOBYBaTHCh JJIsl  BHpIILICHHS
LIMPOKOTO CHEKTPyY 3aaau [8].

Komm’rotepHe mnporpamHe 3a0e3ledeHHs, IO
3a0e3nedyye KOpUCTyBauaM MOKJIMBICTh CTBOPCHHS,
30epekeHHs, OHOBIIEHHS, IONIYKY iHQopmamii Ta
KOHTPOJII0O JOCTYyIly B CEMaHTHYHHX Mepexax
MOYXKHA, 3a aHaJOTIEI0 [0 3araJbHONPUIHSTOTO
TEPMIHy «CHUCTeMa KepyBaHHS O0a3aMu JaHHX),
HA3WBaTH CHCTEMaMH KEPYBAaHHS CEMaHTUYHUMHU
Mepexxamu (CKCM).

CyyacHi CHUCTEMH KEpyBaHHS CEMaHTHUYHHUMU
MepexaMH TOKJIMKaHI BUPIIIUTH TPoOJIeMHi 3aaadi
MITYYHOTO I1HTENEKTY: 3IIHCHEHHS CEMaHTUIHOTO
aHaJizy TeKCTy, CTpPYKTypHu3auii crenudiaHoi
iH(opMarlii, CTBOpeHHs 3ac00iB 1HTEIEKTYaIbHOTO
MaIlIuHHOTO TIepeKIIaxy TOINO; ceped HaWOIIbIIT
BIAJINX MPOEKTIB 3 peaii3amii CUCTeM KepyBaHHS
CEeMaHTHYHHMHU MEpeKaMH BapTo 3raJlaTH TaKi:

* WordNet  (http://wordnet.princeton.edu/)  —
nekcuyHa 0Oaza gmaHux, mo 3 1985 poky
po3pobisieTbes y [IpiHCTOHCBKOMY YHIBEPCHUTETI
(Princeton University); cranom Ha 2012 pik 6a3a
naHuX BMimTye 155287 cimiB  3rpymoBaHUX Y
117659 cuncetiB (synsets, Tpyln CHHOHIMIB);
OCHOBHOI0O mpobiemoro WordNet € HemoOXIu-
BICTh Bi3yaumi3allii OTpUMaHUX Pe3yJIbTaTiB;

* LexiPedia (http://lexipedia.com/) —
LIECTUMOBHUI (aHrmiiiceka, icraHchKa,
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HiMellbKa, (DpaHITy3bKa, ITAMHChKA) TIyMadHUAN
CJIOBHHK; MICTHTh BIIOMOCTI HE JIHIIE TIPO
CHHOHIMH Ta aHTOHIMH, aie W mpo (asuHIMH
(fuzzynyms, ceMaHTHYHO TIOB’sI3aHi CJIOBA);
3IIMCHIOE Bi3yaslbHE MPEACTABICHHS 3B’SI3KIB Y
BUTJISAJI CEMaHTUYHOI MEpeXi 3a JOMOMOTO0
intepaktuBHOro Flash-momatky; mo Hemomikis
LexiPedia moxxHa BimHecTH 11 3aKpUTICTH Ta
BIJICYTHICTh Oy/b-sKOT TEXHIYHOT JIOKyMEHTAIIl;

* MLSN  (MultiLingual Semantic = Network,
http://dcook.org/mlsn/) - I’ ITUMOBHE
(anmrmmiticeka, SIMOHCBKa, HIMEIbKa, KHUTAHCBHKa,
apabcbka) BigramyxeHHs npoekty WordNet, 1o
po3pobaseTbest 3 2005 poky; Bosozie 0a3or0
JaHuX OuIBIIOr0 00CATY, HIX OaTbKIBCHKUHI
OPOEKT; Ccepell HEHONIKIB CHCTEMH BapTo
BiJ[3HAYUTH MOXKIIUBICTh POOOTH BUKIIOYHO 3
MPOCTMH IMEHHMKaMH, CTaHOM Ha IepIry
nonioBrHy 2012 poKy HECTaOIbHICTE CHCTEMH
YHEMOXKITUBITIOE Bi3yalli3aIlito pe3ysbTariB;

* TextAnalyst (http://megaputer.com/textanalyst.
php) — mpompierapHa cucTeMa aHali3zy TEKCTY 3
¢dyHKUissMH  QopMyBaHHS CEMaHTUYHOI Mepexi
Ta TEMAaTUYHOI'O JPEBa, a TAKOXX aBTOMATHYHOTO
pebepyBanHs, KiacTepusaiii Ta  iHAEKcarlii
TEKCTY; peai3oBaHO MiATPUMKY 30BHILIHIX CIOB-
HUKIB, 3aKpUTICTh CHUCTEMH POOUTH HEMOXIIU-
BUMM 11 TOCIiPKEHHS Ta MOJANBIINI PO3BUTOK;

* UMLS (Unified Medical Language System,
http:// www.nlm.nih.gov/research/umls/) —
MEIUYHA CHCTeMa, mo 3 1986 poky po3poo-
nserbesa HarioHanbHOI0 MeTn9YHOIO 6107i0TEKOT0

CIODA (US National Library of Medicine);
CUCTeMa TpU3HAYeHA U1 CTPYKTypH3allil
OlomeauuHoi  iHdopmallii;  OYEBHUIHO, IO

crcTeMa He MOXe MaTH XOIAHUX 1HIIUX 3aCTOCY-

BaHb, OKPIM sIK B c(epi OXOPOHH 3J0POB’ L.

Sk OGaunMmo, >KOIEH 3 TIPOEKTIB HE MOXe
MpeTeHAyBaTH Ha pOJb YHIBEPCATbHOI CUCTEMHU
KepyBaHHS CEMAaHTUYHHMH MEpeXaMH 3arajbHOro
MIpU3HAYCHHS; TIPOTe MoTpeda B Takiii cUCTeMi € Ha
gaci, a B MaHOyTHHOMY aKTyaJIbHICTh JOCIIHKCHD B
ramy3i CeMaHTHYHHX MEpex JHIIe [iJABHIILY-
BaTUMEThCA, OCOOIMBO 3 OISy Ha CTPIMKY
MOMYJIAPU3AIIiI0 KOHIEIIi CeMAaHTUYHOI TTaBY THHH.

1. OPTAHI3ALIA CEMAHTUYHOI
MEPEXI

Po3poOKky cucTeMH KepyBaHHS CEMaHTHYHUMH
MepekaMH OyJI0 3MiHCHEHO Ha MOBI IMPOTpaMyBaHHS
C# mns mporpamuoi matdopmu Microsoft NET 4.0
3acobamMu  cepefoBuIma  po3poOku  Microsoft
Visual Studio 2010. Taky komOiHamiro 3aco0iB
po3poOKu OyJio O00paHO 3aBASKH iX THYYKOCTI Ta

MMOTY)KHOCTi, 30KpeMa 3 OTJISAy Ha MOXJIHBICTH
BHKOPHUCTAHHS 3allMTiB, IHTETPOBAHHX Yy MOBY
(Language INtegrated Queries, LINQ),
aBTOMATUYHOTO BHBUIBHEHHS BUAIJICHOT T1aM’sTi
(Garbage Collector, GC) Ta BOymOoBaHHMX 3ac00iB
Ui poOOTH 3 PO3MIMPIOBAHOID MOBOIO DPO3MITKH
(eXtensible Markup Language, XML). Okpim Toro,
BUOpaHuii Habip 3aco0iB  po3poOKu  poOUTH
MOJKJIMBOIO JIETKY iHTErpallito po3po0IeHol CucTeMu
JI0 CKJIaJly HaCTYITHUX IPOCKTIB.

B xomi BHOOpY CTPYKTYp HIaHWX, MPHU3HAYCHUX
IUISL TIPEIICTABJICHHS CEMAaHTHYHOT MEpeXi B TIaM’ sITi
KOMIT 10Tepa OyJI0 pO3IIIIHYTO TaKi BapiaHTH:

* 3a JIOIIOMOT'OI0 MaTPHUIli CYMI>KHOCTI;
* 3a JIOITOMOTOI0 CIMCKIB 1HIIUAEHTHOCTI;
* 3a JIOIIOMOTOIO0 IEPEBOBUIHUX CTPYKTYP.

BukopucrtanHs marpumi CyMiKHOCTI Morio 0
OyTH IOLIJIBHUM JIMIIE Y BUIAAKY CHIBHO3B’SI3HHX
rpadiB HEBENHWKOI PO3MIPHOCTI, y BHIIAAKy XK
c1abo3B’s13HUX TpadiB BEIMKOI PO3MIPHOCTI, SKi
3a3BUYail BUHUKAIOTH IIPH POOOTI 3 CEMaHTHIHHUMH
MepekaMH HaKJIagHI BUTpPATH TaM sATi CTaid O
HETPUITYyCTUMO BHCOKMMHU. BUKOpUCTaHHS CIHCKiB
IHIIUAEHTHOCTI JEN0 CIOBUIBHIOE HAaBIramito IIo
BeplUIMHAM rpada, TNpoTe BOJHOYAC CIIPOMIYE
BHYTPIIIHIO  peaji3amilo  CUCTEMH  KepyBaHHS
CEMaHTHYHHMU MepexkamMH Ta 3a0e3ledye BHUILIUHA
piBeHB ii MacIITaboBaHOCTI (scalability).
Bukopucranus JIePEBOBHIHUX CTPYKTYD
3a0e3neqnsio O Jemo BUINY MIBHIKICTh JOCTYITY 0
JAHUX, IPOTE HEMUHYYe CIPUYMHWIO O 3HIKEHHS
MacmTaboBaHOCTI TPOTPaAMHOI CHCTEMH a TaKOX
BUHUKHEHHS JISSIKUX YCKJIagHEHb B  Ipoleci
cepiamizaiii rpaga B CXOBHIIE TaHHUX.

Bigrak micns aHamizy BCIX 3rajlaHuxX CIOCOO0IB
OyJ0 BUpIIIEHO BHKOPHUCTOBYBATH NpPEACTABICHHS
CEeMaHTHYHOI Mepexi B maMm’sATi KOMII'IoTepa 3a
JOIIOMOT OO CITUCKIB 1HIIMAEHTHOCTI.

[Tpu nmpoeKTyBaHHI CXOBHIA JaHUX IJISI CHCTEMH
KepyBaHHS  CEMaHTHYHUMH  Mepexxamu  OyJo
BHpPIMNICHO  BIAMOBHTHCH  Biff  BHKOPHUCTAHHSI
IEHTpaIi30BaHoi 0a3W JaHuX, sKa O HaIMipHO
YCKJIQJHWIIA apXiTeKTypy NpPOTpaMHOi CHCTEMH Ta
BUKJIMKana O TMeBHI TpyaHOIIi mpw ii po3poOii,
BIIPOBa/DKCHHI Ta MIATPUMIN. 3 OMJISAYy Ha
CTPYKTYpOBaHUi1 XapaxTep OIIPaLbOBYBaHOT
iHpopmalii OyJ0 BHpIMICHO peani3yBaTH CXOBHIIC
JAHUX Y BUIJISAI JIOKAIBHUX (haillliB y TEKCTOBOMY
dopmari XML, mnpusHaueHOMYy misi 30epiraHHs
CTPYKTYPOBAHUX JIaHUX.

CtpykTypy TecToBOoro (haitry maHmx B ¢opmari
XML npencrasiedo Ha Puc. 1.
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<?xml version=
gl-- Deve
&l=~Th zre
- <SemanticMetwork>
+ <Relationshipl=>
- <Relationship2 >
<Model=BaHAa</Nodel>
<Relation=nwbutb</Relation>
zMNode2>Mawy</Node2 >
</Relationship2 =
- <Relationship3>
<Model=f</Nodel>
zRelation =gy </Relation>
<Node2 =pogomy </Node2 >
=/Relationship2 =
- =Relationship4>
=<Model=Konobok</Nodel>
<Relation=BTiK</Relation=
<Mode2=6abu</Node2 =
=/Relationship4 =

"M 7

Puc. 1 — Ctpykrypa XML-daiiny

Jnst 30epiraHHs Ta ONpAIIOBaHHSA JaHUX TaKOTO
BHIYy B IIaM’ATi KOMII'IoTepa OyJo Ha OCHOBI
crangapTHoi peanizanii xem-tadbnuup (hash tables)
po3pobneHo Habip crHemiami30BaHUX  CTPYKTYP
JaHUX, 10 3a0e3MeYyloTh BHCOKY IIBHIKICTH
JnocTyny 1o iHdopmarii mpo ceMaHTH4HI 3B’ 3K Ha
OCHOBI MOBHOT Ha3BH a00 parMeHTy Ha3BH OAHIET 3
CYTHOCTEH 4H 3B’ 513Ky Mi’K HUMU.

2. CEMAHTUYHWUIA AHATI3 TEKCTIB

B XOIi MPOEKTYBaHHA MPOrPaMHOTO
3a0e3MeUYeHHs] ISl CEMAaHTHYHOTO pO3Ii3HABaHHS
TEKCTIB MPUPOTHHOK0 MOBOIO OYJI0 3IHCHEHO aHai3
ICHyIOYMX CHCTEM, BHIUICHO IX TIIepeBaru Ta
Heponiku. Ornsy iCHYIOUHX TPOIYKTIB BUSBUB, IO
PUHOK  3aco0iB  CEMaHTHYHOTO  aHali3y Ha
CBOTOJIHINIHIA JeHp TNepedyBae B CTaHI 3aHEMNany,
0COOJIMBO 1€ CTOCYETHCS YKPAiHCHKOI YaCTHHH
puHKy. Hapasi He icHye >XKOIHOTO KOMEPIIiHOTO
porpaMHOTo 3a0e3MeueHHs] s CEeMaHTUIHOTO
pO3ITi3HABaHHSA TEKCTIB  YKPAaiHCHKOIO  MOBOIO.
[HImOMOBHI cUcTeMH TepeBaXHO 0a3yroThcsi Ha
CTaTUCTUYHUX AITOPUTMaxX Ta 3a3BHYail HE MOXYTb
OyTH BHKOpHCTaHi JUIsi TOOYIOBH CEMaHTUYHHX
MepeX Ha OCHOBI 3aJIaHOTO TEKCTy NPUPOIHBOIO
MOBOIO.

3araoM MOXXHa BHIUINTH TPU  OCHOBHI
AITOPUTMIYHI TAXOAW IO CEMAaHTUYHOTO aHaTi3y
TEKCTiB MPUPOAHBOI0 MOBOIO:

1.Cnoci6 renepauii BCiX rpaMaTHYHO MPaBHIIBHUX

CJIOBOCITOJTYYCHB 3 TTOJAJBIITNM 00X0I0M MEpexKi

CUHTAaKTUKO-CEMAaHTUYHHUX BiIHOIIIEHb [9].

Takuii cmociO He MOXHa BBaKaTH JOCTaTHBO

JIOCTOBIPHUM: TEHEpPYBaHHS BCiX TIpaMaTUYHO

OPaBWIBHUX  CJIOBOCIIOJIyY€Hb HA  OCHOBI
BBEACHOTO TEKCTYy HE TapaHTye HasBHOCTI
CEMaHTHMYHOIO  3B’S3Ky  MDK  0OpaHUMH

TeHEepaToOpOM CyTHOCTSMH.
2.CraTUCTHYHUI croci0 BCTAaHOBJIGHHS 3B’S3KiB
MK CYTHOCTSAMH Ha OCHOBI MigpaxyHKY YacTOTH

iX CIUJIBHOI TOSBH B TeKCTi. JlaHWi crmocio €
3aCTOCOBHUM JIMIIE JUIA TEKCTIB 3HAYHOTO
00CsTy, OCKIIBKM HE Jla€ 3MOTH OTpUMATH
JNOCTOBIpHUH pe3ynbTar sl CYyTHOCTEH, SAKi
3raJlylOThCsl B TEKCTI CTAaTUCTHUYHO HE3HAYHY
KUIbKiCTh ~ pa3iB.  BomHowac  cmocid €
HaJ3BUYAHO YHIBEPCAIBHUM Ta MOXE BHSABISTH
ACOINATHBHI 3B’SI3KM MK CYTHOCTSMH HAaBITh Y
rpaMaTHYHO HEKOPEKTHOMY ab0 0COOJHBOrO
CTHITIO TEKCTI.

3.CuHTaKCHYHHUI CHOCI0O BCTaHOBJIEHHS 3B S3KiB
nepeadayae BUSBICHHS CYTHOCTEH, 3MICTOBHO

MOB’SI3aHUX 3 IHIIMMH CYTHOCTSMH Ha OCHOBI

BU3HAYEHHS CHHTAKCHYHHX KOHQIrypamii B

pedeHHI 3TigHO HAOOpy amnpiopHUX IIIa0JIOHIB

[10]. Ockinpku peamizalfisi mbOTO CIIOCOOY s

KOXHOI HOBOi MOBH € CKJIaIHOIO aJTOPUTMIYHOKO

3amadero, HOro He MOYKHA Ha3BaTH JIOCTATHBO

yHiBepcanbHUM. Pazom 3 THM croci® Bosomi€e

BHCOKOKO) TOYHICTIO BUSBIICHHS 3B’S3KIB Ta JIa€

3MOTY OTpHMAaTH JOCTOBIpHI pe3yJbTaTH HaBiTh

JUTS. TEKCTIB BKpail Majoro po3mipy.

[Tpu po3pobui mporpamHoro 3abe3neueHHs IS
CEMaHTHYHOT'O PO3ITi3HABAHHS TEKCTIB MPUPOIHBOIO
MOBOIO  OyJ0  BHUpINIEHO  BHKOPHUCTOBYBATH
CHHTAaKCHYHHUI CIIOCIO BCTAHOBIEHHS 3B’ SI3KIB, SKHIA
IPYHTYEThCS HAa CHUHTAKCHYHOMY aHalli3i, SKUH B
CBOI0 Yepry BHMAara€ TIOMEepPeIHhOr0 BHUKOHAHHS
JICKCUYHOTO aHaji3y (BU3HAYCHHS YaCTHHU MOBH, JIO
SIKO1 HAJIKUTh KOXHA JICKCeMa).

CUHTaKCUYHUI aHai3 — e npolec
CHIBCTABJIEHHS JIHIMHOI MOCIIJOBHOCTI JIEKCEM
MoBH 3 1i (opMambHOIO TrpaMaTHKOIO. 3a3BHYal
pe3yNbTaTOM TaKOTO CITIBCTABIICHHS € CHHTAKCHYHE

IIEpeBO — CTPYKTypa HOaHWUX, sKa BigoOpakae
CHHTAKCHYHY  CTPYKTYPY  BXIJHOI'O  PEYCHH.
[lpukiag ~ CHHTAaKCHYHOTO  pO300OpY  IPOCTOTO
pedcHHS TpencTaBieHo B Tpadiuniid dopmi Ha
Puc. 2.
(' Pevenrs )

/IMeHHuKoBa rpyna."' HiecnisHarpyna |

| Riecnoso IMeHHUKOBa rpyna'_"
Croroani AHapin Kynue HOBY MaLLMHY.

Puc. 2 — CuHTakcu4nnii po30ip mpocToro pevyeHHs

CeMaHTHUYHUH aHAI3 TEKCTIB MPHUPOTHBOIO
MOBOIO € CKJIaJHOIO MPOOJIEMOI0 3 Taly3i ITYYHOTO
iHTeNneKkTy. BudepmHe BHpilieHHS mi€i mpoOieMu
BHXOJWTH JaJieko 3a Mexi maHoi poborn. Tum He
MeHIe Oysio 3HaiICHO YacTKOBE PillIeHHsI, IKe Jao
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3aJI0BUTbHI  pE3yJbTaTH HAa BHUKOPHUCTOBYBAHOMY

KOpITyCci ~ TEKCTiB.  3allpONOHOBaHWH  AJTOPUTM

CKJTaZla€Thcs 3 TAKUX KPOKIiB:

[A1] Po30ouTn peueHHs Ha JIEKCEMHU.

[A2] BuzHauutu ISl KOXKHOI JIEKCEMHU il 4acTUHY
MOBH.

[A3] BusHauuT iIMOBIpHHH CEMaHTHYHUI 3B’SI30K
y peUcHH.

[A4] BuzHauuTH iMOBipHHI CY0’€KT Y pEUCHHI.

[AS] BusHauuTH iMOBipHHI 00’ €KT Y peUCHHI.

[A6] OmpamroBatd  BHUSABICHHN  CEMaHTHIHHM
3B’A30K MIX Cy0’ €KTOM Ta 00’ €EKTOM.

Bu3HaueHHS 4aCTMHU MOBH, 10 SKOi HaJCKUTh

IeBHE CIIOBO (KPOK A2) € HEeTPUBIANTBHOIO 3ajauelo.

st 11 po3B’s3aHHS  PO3poOJIeHE  TMporpamHE

3a0e3MeUYeHHs] 3AIHCHIOE IHTErpalil0 3 TEKCTOBUM

mporiecopoM Microsoft Word 2010 Ta BUKOpHCTOBYE

MOXIJIMBOCTI BOYIOBAaHOTO Te3aypyca. Hemomikom

TaKOro CIOco0y € HEMOXIHUBICTb KOPEKTHOTO

OTIPALOBaHHsI BJIACHUX HAa3B 3 HEKaMiTalxi30BaHOIO

TIEPIIIOIO0 JIITEPOIO.

3. BI3YANI3ALIS FPA®OBUX
CTPYKTYP

I'padoBa cTpykTypa HaHmx — Le MHOXHHA
BEepLIMH Ta pebep, IO 3’€qHYIOTh Li BepinHHU. B
KOHTEKCTI CEMaHTUIHUX Mepek rpadoBa CTPyKTypa
npeacTaBisge co0O0 OHTONOTIIO, 11 BepIIMHM —
MHOXHHY CyTHOCTeH, a peOpa — BiJHOLICHHS, B
SKUX TepeOyBarOTh I1i CYTHOCTI.

3ajgaya Bi3yamizamii CTPYKTYp TakKoro BHIY
nmoyana HaOyBaTH BCe OLIBIIOT aKTyalbHOCTI pa3oMm
3  PO3BUTKOM  3aco0iB  rpadiuHOr0  BHBOAY
OOYMCITIOBABHUX MaIlMH, a caMe 3 KIHIA
XX cromitrs. Y 3B’A3Ky 3 HEBIMHHHUM DPOCTOM
rpadiyHIX MOKJIMBOCTEH CYYaCHUX KOMIT IOTEPIB Ta
CTPIMKHUM YCKJIAAHEHHSIM MOJeneH, 1o
BUKOPHCTOBYIOTBCS B PI3HUX Taly3sX HayKH i
TEXHIKH, L5 3a7a4a NoTpedye 3 KOKHUM POKOM BCe
OLTBII SKICHOTO PO3B’S3KY.

Cepen  3HauHOi  KUIBKOCTI  PI3HOMaHITHUX
aIropuTMiB  Bisyamizauwii rpa¢iB  Haifyacrimie
BHKOPHCTOBYIOThCI Monu(ikamii Takhx MIeCTH
CHoco0iB:

1. Hafinpocrimum aNrOpUTMOM Bizyaurizamii
rpadoBux cTpykTyp € xaotnunuii (Randomized)
anroput™M. BiH nependadae po3MileHHsT BEPITAH
Ta pedep y JOBUILHOMY MOPSAKY Ta MOJOXKCHHI.
OueBUIHUMH TiepeBaraMu IbOTO AITOPHTMY €
BKpaifi  BHCOKI IIBHIKOIIS Ta  TIPOCTOTA
nporpaMHoi peamizaiii. [Ipore anroput™ Bonoie
TaKOXX  3HAYHOKI  KUIBKICTIOKD  HEOJIKIB:
KUTBKICTh pedep [0 IMEepeTHHAIOThCS Ta cyMma
BiZicTaHeH MDXK KOHTEKCTHO-ON3bKUMU
BEpUIMHAMH € HETNPHUIYCTUMO BHCOKHMH, a
Bi3yallbHa KapTHHA NPEACTaBICHHA AaHUX HE

aZicKBaTHA CTPYKTYpi B3a€MO3B’s3KiB. THITOBUI
BUTIsiA Tpada mpu Bisyamizamii 3a JOMOMOTOO
XaOTHYHOTO  alTOpUTMYy  TPEACTaBICHO  Ha
Puc. 3a.

¢ d)
- 7 X
// ; e / \ |

03  — g1l \ all ot o5
L]
\AN\Li— /1 1\
‘ | \ o2 o o8 010
v VA AN
o8 a7 L
e) f)
Puc. 3 — TunoBuii Buraaa rpaga npu Bisyamizamii
3a 10MOMOT 010 AJrOPUTMY:
a) XaoTH4HOro; b) Kpyrosoro;

¢) Cyrisamu; d) ®pyxrepmana—Paiinronna;
e) Kamagu—Kagas; f) npomeneBoro nepeBa

2. JlocTaTHRO TPOCTHM B peaiizamii € KpyroBui

(Circular)  anmroputm  Bizyamizamii  rpadis.
Bepman po3MillyroThcsi Ha KOJi 4epe3 piBHI
OPOMDKKH B TIOPSAAKY, SKHH J1a€ MOXKIIHMBICTH

MiHIMIi3yBaTH KUTBKICTh pebep 110
neperuHatoThea. Lledt  anroput™M mae  3Mory
OTpUMATH 3aJI0BITbHUIN pe3ysbTaT 3a

npuitHaTHUN dac. llompu 1e 3acTOCOBHICTH
ITOPUTMY € OOMEKECHOIO Y BHIIAJIKYy CKIIQJHUX
rpagiB BeNWMKOi PO3MIPHOCTi, OCKUIBKH HE
BioOpaXkae HAJICKHUM YHHOM CTPYKTYpHI
ocobmuBocri rpada. Tunosuit Burisa rpada npu
Bi3yamizamii  3a  JIOIIOMOTOK  KPYTroBOTO
aNropuTMy TpezcTaBieHo Ha Puc. 3b.

. Anroputm Ko3o Cyrismu (Kozo Sugiyama) Oyio
omucaHo B poboti [11]. Cxema Cyrisma
BiTHOCHUTKCS 0 METO/IiB TIOPiBHEBOI Bizyasizarlil
Ta TpHU3HAYCHA TIEPII 3a BCE LIS ONTHMIi3allii
Bi3yallbHUX KpPUTEpiiB, TakuX SK KUIBKICTb
MEePeTHHIB MK pedpamu Ta X cymMapHa JOBXKHHA.
VY crarti [12] aBTOp OMMICY€E HOBHI €BPUCTHYHUI
MEeTOA Uil 300pakeHHss TpadiB, Ha3BaHUA
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«Magnetic Spring Model», Ta, Ha BigMmiHY Big
MOTEePEIHIX, MPUAATHUN TaKOX JUIsl Bizyaizarlii
opientoBaHux rpagiB. Anroputmu Cyrismu
JIOBENIN CBOIO €()EKTHUBHICTH Ta 3aCTOCOBYIOTHCS
U Bidyamizamii rpadoBHX CTPYKTYp AaHUX B
0araTb0X TPOTPaMHHUX CHCTeMax. [HIOBHIA
BUIJIA rpada mpH Bisyaizamii 3a JONOMOTOIO
anroputmy CyrissmMu mipeactaBiieHo Ha Puc. 3c.

. Anroputm ®pyxrepmana—Paiinronna (Fruchter-
man—Reingold) € ogHuM 13 mpeacTaBHUKIB KIacy
«KEpPOBAHUX CHJIaMI» («Force-Directed»)
anroputMiB Bi3yanizanii rpadie [13]. Llei kmac
ITOPUTMIB  COPSMOBAaHMK HA  ONTHMi3aLilo
Bi3yaJIbHO-€CTETUYHUX XapaKTEPUCTHK (30Kpema
Ha  MiHIMI3amil0  KUTbKOCTI  pebep 1m0
MEPEeTHHAIOTECS)  NpU  BUPIOIEHHI  3agadyi
Bizyamizanii rpadiB i3 XaOTHYHO-PO3MIIIEHUMHU
BY3JIaMH;, TaKi aJTOPUTMH TOCITIIKYBaB TaKOXK
Jlxysenne ai baricra (Giuseppe di Battista) [14].
3actocyBaHHs  anroputmy — Dpyxrepmana—
PaifaroNma € MOIMIIPHUM Y BHITAJIKY BEIUKHX
HEOPi€HTOBaHMUX TpadiB, OCKUTBKU T'apaHTYETHCS
reoMeTpuyHa OJIM3BKICTh TIOB’SI3aHUX BY3IIIB.
IIpote = Hu3bKa  IIBHUAKOZIS ITOPUTMY
YHEMOXKJIMBIIIOE ~ WOTO  3aCTOCYBaHHSA  JUIA
rpadoBUX CTPYKTYp HAATO BEIUKOI PO3MIPHOCTI.
Tunosuid Burnsx rpada npu Bisyamizamii 3a
JIOTIOMOT OO ITOPUTMY dpyxTepmaHa—
Paitaronna npeacrasneHo Ha Puc. 3d.

.IHIMM  TpeAcTaBHUKOM KJacy «KEpOBaHHX
CHJIOIO» anropuTMiB € anroput™m Kamann—Kasas
(Kamada—Kawai). ITonpu amesky momiOHICTB 10
MOTEPEIHBOTO ~ AJITOPUTMY, OCHOBHUM  HOTO
NPUHLUIIOM € MiHiMi3alis eHeprii LuIIxoM
MOIIyKy TOXimHOi Bifg piBHSHEP cuimu [15].
Anroput™m Kamanu—Kasas BHUKOHY€
BIOPSIIKYBaHHS BY3JiB Ipady OOCUTH MIBUAKO i
TOMY HE HakJiaziae 0OMeXeHb Ha po3Mip Tpadis.

[Hompu me, 3rigfHO  Bi3yallbHO-E€CTETHYHHUX
KpUTEpiiB  pe3ylnpTaT  3aCTOCYBaHHS  IIbOTO
QITOPUTMY  MOXE  IOTpeOyBaTu  JIESIKOTO

MOKPAIIECHHS, SKE 3MIIHCHIOETBCS, IEPEeBaXKHO,
3acobamu anroputmy ®pyxrtepmana—Paiinronna.
Tunosuii Burnsx rpada npu Biyamizamii 3a
JIOTIOMOT'OX0 ANTOPUTMY Kamann—Kaas
npeacTasieHo Ha Puc. 3e.

. Anroput™ npomeneBoro aepeBa (Radial Tree) €
OJTHUM i3 METOJIIB, IO Bi3yai3yroTh iH(pOpMaIIifo
y BUDJBIII AepeBOBHIHUX CTPyKTyp [16]. CyTh
AITOPUTMY TIOJIATAE Y PO3MIIICHHI CaMOCTIHHOT
BEpLUIMHM B TEOMETPUYHOMY LEHTpi obnacti
moOy0BH Ta B HACTYIIHOMY TMOCIiZOBHOMY
paaiaJbHOMYy PO3MIILICHHI 3aJIeKHUX BEPIIHH.
TunoBuii Burnsx rpada npu Bisyamizamii 3a
JOTIOMOT 010 IIPOMEHEBOTO aNTOPUTMY
npezacrasieHo Ha Puc. 3f.

[Ipu po3poOui migcucTeMu Bisyamizalii JaHHX

CHCTEMH KEepyBaHHA CEMaHTHYHHMH MeEpeKaMu
Oyno 3niliCHEHO TpPOrpaMHy pealizalilo TPbhOX
ANTOpPUTMIB Bi3yanizauii TpadoBUX CTPYKTyp, a
caMme: XaoTHYHOTO, KPYIOBOI'O Ta «KEPOBAHOTO
cunamu» anroputMmy  Dpyxrtepmana—PaiiHronga.
Bubip ToOro um iHmIOro anropuT™my Bizyamizamii
3IHCHIOETBCS KOPUCTYBaueM Ta HE 3aJEXKHUTh Bix
XapaKTEPUCTHUK  CEMaHTUIHOI  MEpexi. Bci
peamizoBaHi  aNrOPUTMH  MIATBEPIUIA  CBOIO
3aCTOCOBHICTh Ta €(QEKTHBHICTh MAJsl BHUPIILICHHS
3a/ayi Bi3yarizallii CEeMaHTUIHHX MEPEK.

4. WEB-IHTEP®ENC CUCTEMU

B xomi mpoeKkTyBaHHA CHCTEMH KepyBaHHS
CEMaHTHYHUMHU MEpekaMu OyJI0 IPUIHATO pillIeHHS
MpO pealizaiilo KOPUCTYBAIbKOro iHTEepdeiicy y
Burisal Web-nonatky. Takuii migxin, mepmr 3a Bce,
3a0e3MeYnTh  3pYYHICTh  BUKOPUCTAHHA  Ta
KpOCINIaTOPMEHHICTh CHUCTEMH, a, KpIiM TOTO,
CHOPOCTUTH IMIUIEMEHTALl0 PO3LIMPIOBAHOCTI Ta
OayaHCYBaHHS HaBaHTKEHHS B MallOyTHHOMY .

Po3pobky kopuctyBaupkoro intepdeiicy Oyio
3aificaeHo 1 miatgopmu Microsoft ASP .NET 4.0
3  BUKOPHUCTAHHAM  TEXHOJIOTil  aCHHXPOHHHUX
JavaScript ta XML (Asynchronous Javascript And
Xml, AJAX), sxa € YacTUHOKW  KOHIICIIIii
muHamigHoro HTML (Dynamic HTML, DHTML)
Ta 103BOJIsiE POHOBE BUKOHAHHS 3aITUTIB JI0 cepBepa
0e3 mepezaBaHTaXeHHs yciel ctopiaku [17, 18].

IIpr po3pobui KOpHUCTYBaLBbKOro iHTepdeicy
cucTeMn OyJi0 TIPOBEACHO aHaji3 3pYydYHOCTI

BUKOPHMCTaHHS 3TiTHO PEKOMEHJIAIlii, HaBEACHUX Y
[19, 20]. 3aranpHMi BHUIVIAX KOPHCTYBAalBKOIO
i pobotn 3

iHTepecy mim  dgac
npeacTasieHo Ha Puc. 4.

CUCTEMOIO

SEMANTIC NETWORK

JEWANA TEAM

ANALYZING IMFORMATION

VIBUALIZATION

Behact shprb. daemin mpuir

Puc. 4 — Burasia kKopucTyBanbKoro inrepgeiicy
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Ilicns 3aBeprieHHS PO3POOKH KOPHUCTYBAILKOTO

iHTepdeticy  Oyno  BHKOHaHO  HaBaHTaXKCHE
tectyBanHs (Load Test) Ta crpecc-TecTyBaHHs
(Stress Test) 3 HAaCTymHOIO  OINTHMI3aIli€r0
HIBUIAKO/III, o ajao 3MOTY M ABUIIIATH

cTabiabpHICTE Ta HafiliHICTF Web-nonarky.

BUCHOBKMU

Po3pobrena cucrema KepyBaHHS CEMaHTHYHUMH
MepeKaMH € TIOBHICTIO (DYHKIIIOHAIEHUM 3aCO00M
noOyMOBH Ta JOCIHIPKCHHS CEMaHTHYHUX MEPEK,
0 MiATBEPAUB CBOIO CPEKTUBHITH.

PeaxizoBani anropuTMH CEMaHTHYHOTO aHAII3Y
TEKCTIB TIPHPOIHBOI0O MOBOIO Ta CIeIMiali30oBaHi
CTPYKTYpH [Uid 30epeXeHHA MAaHuX MiATBEPAUIH
MOJKJIMBICTh ONPalbOBYBAaHHA 32 MPHUHATHUN Yac
(mecaTKM  CEeKyHI) B3HAYHUX OOCATIB  TEKCTY
YHKpPAiHCBKOIO MOBOKO (COTHI THCSY  3HaKiB),
CTBOPEHHSI Ha WOr0 OCHOBI JOCTaTHBO BEIMKUX
OHTOJIOTIH (THCSTUi CYTHOCTEH) Ta, 11(0)
HaWTOJIOBHIIIE,  IBHUAKOTO (MO  CEKYHIIH)
BUKOHAHHS 3allUTiB Ha OTpPUMaHMX JaHuX. Bci
peaiizoBaHi alTOPUTMH MarOTh OOYHCIIOBAIBHY
CKIIQIHICTh JiHIMHO abo CyONmiHIHHO 3alekKHY Bifg
PO3Mipy OIMpPaIbOBYBAHOT'O TEKCTY.

Crioci6 peamizanii KopucTyBaLbKoro iHTepdency
BHIIpaBiaB cebe, a oOpaHi Ta peami3oBaHI METOAU
Bisyamizamii  rpadoBUX  CTPYKTYp  3poOwim
MOJKJIMBUM TIPEACTAaBICHHS NAaHUX B IHTYiTUBHO-
3pO3yMIJIOMY BUTJISIL.

[Tompu Te, mo po3pobiieHa cUcTeMa HaBpAl UM
MOke OyTH 0e3 JOJaTKOBMX 3MiH BUKOPHCTaHA JIJIs
BHpIIIGHHS  pealbHUX Oi3Hec-3ajad  KOHTEHT-
aHami3dy, BOHA TIOCITYXKHTh 0a30BOI0 IIATHOPMOIO
Ui TOJANBIIMX  JIOCHI[DKEHb  aBTOPCHKOTO
KOJIGKTUBY, 30KpeMa B HaNpsSMKy BHUKOPUCTaHHS
rineprpadiB s peaii3amii CeMaHTUYHUX MEPEX 3
n-apHUMH  3B’SI3KaMHM, HaBaHTa)XyBaHHS pebep
MITKaMH JaTH 1 9acy U po3B’s3aHHS CEMaHTUYHUX
KOH(JTIKTIB TOIIO.
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KOpiti CemyuwuH, kaHOudam
MexHiYHUX  Hayk, cmapwul
suknaday kaghedpu rnpoepam-
Ho20 3abe3sneyeHHss HauioHarb-
Hoeo yHigepcumemy «JIbgig-
CbKka nosiimexHika». Hapoduscs
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®paHkiecbKy, 2005 poky ompu-
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KOMITIOMEPHUX HayK 3 8i03Ha-
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Magzicmpa rpoepamMHo2o 3abesredyeHHs asmomamu-
308aHUX cucmeM 3  gi03HaKot,  3axucmus
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leaH Kynbna, 6akanaep npo-
2pamMHoi  iHXeHepil, cmydeHm
mazicmpamypu Kaghedpu
rnpoepamHo20 3abe3rneyeHHs
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fiaep rpozpamHol  iHXeHepi,
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Abstract: The paper considers semantic networks. It is a way of representing knowledge as a set of nodes-concepts
connected by edges-relations. The history and current state-of-the-art of semantic networks is analyzed. The experience
of designing and developing semantic network management system is described in four sections covering the following
topics: data structures design, semantic analysis algorithm implementation, graph visualization methods selection and
Web-based user interface development. The developed system is fully-operational tool for building and studying

semantic networks. The system will be used for the further research.

Keywords: Semantic Network Management System, Semantic Network, Semantic Analysis, Graph Visualization.

1. INTRODUCTION

Semantic Network is a way of representing
knowledge as a set of nodes (some concepts), which
are connected by edges (corresponding relations).

The idea of using semantic relations to classify
entities have been known since the first half of
XVIII century, but only in the late XX century did
semantic networks become applicable for solving
such problems of artificial intelligence as machine
translation and information retrieval [1 - 8].

Amongst the modern semantic network
management systems the most sophisticated ones are
the following five:

WordNet (http://wordnet.princeton.edu);
LexiPedia (http://lexipedia.com);

MLSN (http://dcook.org/mlsn/);
TextAnalyst  (http://megaputer.com/textanalyst.
php);

» UMLS (http://www.nlm.nih.gov/research/umls/).

None of the mentioned projects can be
considered as general-purpose semantic network
management system. Development of such system is
a topical task which will become even more urgent
with further popularization of the Semantic Web
conception.

2. DATA STRUCTURES

The semantic network management system was
developed in accordance with principles of the
object-oriented programming paradigm in the C#
programming language for the Microsoft .NET 4.0
software  platform  using  the  Microsoft

Visual Studio 2010 development environment.

The following three ways of storing semantic
network in computer memory were carefully
evaluated:

* using Adjacency Matrix;
« using Incidence Lists;
* using Tree-Like Structures.

Usage of incidence lists appeared to be the most
efficient way; hence, a set of specialized hash-based
speed-optimized data structures were designed.

Considering structural nature of data being
processed, it was settled to use a set of local files of
specific structure as data storage (Fig. 1).

3. SEMANTIC ANALYSIS

There are three possible approaches to semantic

analysis of texts in natural language:
1. Combinatorial Approach [9].
2. Statistic Approach.
3. Syntactic Approach [10].

It was decided to implement syntactic approach
to semantic analysis which implies lexical analysis
of source sentence and recognizes some heuristic
patterns so as to build syntactic tree (Fig. 2).

In order to define which part of speech the
particular word is, the developed semantic network
management system integrates with the Microsoft
Word 2010 text processor to utilize its thesaurus.
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4. GRAPH VISUALIZATION

The most frequently used graph visualization
algorithms are modifications of the following six
methods:

1. Randomized Algorithm (Fig. 3a).

2. Circular Algorithm (Fig. 3b).

3. Sugiyama Algorithm (Fig. 3c) [11, 12].

4. Fruchterman-Reingold  Algorithm
[13, 14].

5. Kamada—Kawai Algorithm (Fig. 3e) [15].

6. Radial Tree Algorithm (Fig. 3f) [16].

In the developed semantic network management
system randomized, circular and Fruchterman—
Reingold algorithms are available for user’s choice.

(Fig. 3d)

5. WEB INTERFACE

The Web-based user interface of the developed
semantic network management system were
designed, implemented and tested wusing the
Microsoft ASP .NET web technology in accordance
with all the best practices recommended (Fig. 4)
[17 - 20].

6. CONCLUSION

The developed semantic network management
system is fully-operational and well-tried tool for
building and studying semantic networks.

Implemented algorithms for semantic analysis of
texts in natural language and corresponding data
structures have proven their efficiency. All the
implemented algorithms do have computational
complexity that depends linearly or sublinearly on
the size of input text.

Developed Web-based user interface implements
three different graph visualization algorithms and
assures intuitive and friendly interaction.

The developed system will be used as a platform
for further research specifically in the directions of
using hypergraphs for representing semantic
networks with n-ary relations, weighting the edges
with datetime stamps for resolving semantic
conflicts et cetera.
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CMNIHOBA MOAEJIb NOBHOINO OAHOPO3PAAHOIO CYMATOPA
HA EJIEMEHTAX NEPECA

Bitanii Oenbyk ", Isan Opiituyk 2, Poman HOpiituyk "

! Kadespa KOMIIFOTEPHIX CHCTEM Ta MEPEX, (paKyIbTeT KOMIT IOTEPHUX Hayk,
? Kagenpa (izuku HAMBIPOBIAHKUKIB i HAHOCTPYKTYp, Di3uuHui (aKyIbTerT,
YepHiBeubkuil HallioHaNbHUH yHiBepcuTeT iMeHi FOpis denpkoBuya,

Byi1. Komrobuncrkoro 2, 58012, YepHiBwi, YkpaiHa,
v.deibuk@chnu.edu.ua, ivmykyur@gmail.com

Pe3rome: [lobydosana uomupucninoga mooeib 00OHOPO3PAOHO20 cymamopa 01s meepdominbHozo AMP keanmoso2o
KOMN tomepa ma npoaHanizo8ana KopekmHicme 1o2o pobomu 8 3anexicHocmi 6i0 napamempie cucmemu. Bcmanoeneno,
Wo OA YUCMUX ma Cynepno3uyilinux cmauie, cymamop Ha enemenmax Ilepeca KopekmHo cnpayvbogye 3a 4omupu -
imnynecu. Ompumano onMuManbHi 3HAYeHHsA napamempie 0OMIHHOI 63a€MO0IT Ha OCHOBI ananizy QyHKYii wimkocmi ma
BUBHAYEHA MAKCUMANbHA GIOCMANb Midic KyOimamu 0Jis KOpeKmHoi pobomu cymamopa.

KurouoBi ciioBa: xeanmosuii 0im, keanmosuil komn tomep, arociunuil eremenm Ilepeca, cnin, modenv Izinea, ynxyis
uimkocmi, NOGHULL 0OHOPO3PAOHUL CYMAMOP.

SPIN MODEL OF FULL SUMMATOR ON PERES GATES

Vitaliy G. Deibuk ", Ivan M. Yuriychuk ?, Roman I. Yuriychuk "

Y Computer systems and networks department
? Physics of semiconductors and nanostructures department
Chernivtsi National University, 2 Kotsubins’kogo Str., 58012, Chernivtsi, Ukraine
e-mail: v.deibuk@chnu.edu.ua, ivmykyur@gmail.com

Abstract: Four-spin model of single-digit summator for solid state nuclear magnetic resonance (NMR) quantum
computer is proposed. Correctness of summator’s operation is analyzed in dependence of system parameters. It is found
that the summator on Peres gates works correctly in time of four mpulses on pure numerical and superposition states.
Optimal values for exchange interactions and maximum distance between q-bits necessary for correct summator’s
operation are obtained from the analysis of fidelity function.

Keywords: quantum bit, quantum computer, Peres logical gate, spin, Ising model, fidelity function, full single-digit
summator.

BCTYN JIOTiYHOT omeparii NPUBOAWTE 10 BTpatd abo
CTHUpaHHS JESKOI YaCTUHU BXimHOI iH(oOpMarrii, ska
PO3CIIOETBCSL Y BUMIAII TeroBoi eHeprii. Sk Oyio
noka3aHo Jlangayepowm [1], 1uis HE3BOPOTHOT JIOTiKK
KOXKeH OiT BTpadeHoi iHpopMmartii rerepye k71n2 JIx
TeroBoi eHeprii, ne k — crama bonbumana, 7 —
abcomroTHa ~ Temreparypa.  [lpy  KiMHATHHX
TeMIepaTypax Ha TirarepoBUX 4acTOTaX CyYacHHX
MIPOIIECOPIB, IO MICTATH COTHI THUCSY TPAH3UCTOPIB,
po3citoBaHa eHepris HaOMIKaeThes OO0 KiTbKox BT,
o0  HEMHHyYe Bele /IO  EKCIIOHEeHIIHHOT

P03BUTOK HOBHUX TEXHOJIOTIH 3 KOXKHHM JHEM
BeJIe JI0 IMiIBUIICHHS IBUKO/I1, MiHiaTIOpHU3aIlii Ta
CKJIAIHOCTI KOMI'IOTepHOi TexHiku. lle B cBoro
qepry 00YMOBITIOE 301TBITICHHS KUTBKOCTI
TPaH3UCTOPIB B MiKpocxeMax (Yimax), 0 BHKIIUKAE
3pOCTaHHsl CHOXHBaHOI MOTyxHOCTi. llpn mpomy
MUTBHOHM  BEHTHJIIB, SKi BHKOHYIOTH JIOTidHI
omepanii B  TpPamUIifHUX  KOMIT IOTEpax, €
HE3BOPOTHUMH. T0OTO, KOXKHOTO pa3y BUKOHAHHS
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HEKOPEKTHOCTI SK Y poO3paxyHKax, TakK 1 [0
3HWKEHHS ~ YacOBOTO  pEcypcy  MIKpOCXeM.
Bupimenns mux npoOneM JIeKHTh Y IUIOLIMHI
BUKOPUCTAaHHS HOBHMX PEBOJIOLIHHMX TEXHOJIOTIH,
SKI  CIIPOMOXKHI ~ KapJWHAJIbHO 3MEHIIUTH K
CIOXKMBaHY MOTYKHICTb, TaK 1 PO3CISIHHS TEIUIOBOI
eHeprii B KOMII'IOTEpHHX cHcTeMax. Bpamoro
QJIPTEPHATUBOIO B IIbOMY NHUTaHHI MOXKHA BBaXKaTH
BUKOPHUCTAHHS 3BOPOTHOI JIOTIKH, $5Ka OCTaHHIM
4acoM JIOCUTh IIBUAKO PpO3BHBAaeThCS  [2, 3],
OCKIJTbKY 3HAXOAWTH 3aCTOCYBAHHS Y PI3HOMaHITHUX
o0JIacTSIX, TakWX SK KBAaHTOBUH KOMIT IOTHHT,
HAHOTEXHOJIOTII, OiloiHpopmMaTHKa, ONTUYHUH
KOMIT'IOTHHT TOIIO, JA€ BAXJIMBOIO YMOBOIO €
€KCTPEMaJbHO HU3bKE PO3CiIHHS Teria.
MOXIUBICTh BUKOPHCTaHHS 3BOPOTHHX JIOTIYHHX
oreparliif, SKi He 3HUIIYIOTH BXiIHY iH(MopMaIito,
TEOPETHYHO HE BeAEC IO PO3CITHHSA CHeprii B
cHcTeMax, 110 iX peani3ytoTh. Taka Jorika 03BOJIsIE
BIITBOPUTH BXIi/IHI CTaHU 332 BUXITHUMH. 3BOPOTHHUI
KOMIT FOTHHT BHUKOPHUCTOBYE SK TEPMOJMHAMIYHY,

TaK 1 JIOTIYHY 3BOPOTHICTH 1 BHKOPHCTOBYE
amiabaTU4HI CHCTEMH, M0 BiJHOBIIOIOTE CBOIO
CHEPrilo, BHUIPOMIHIOIOYM JyXKe MaJo Tera.

3BOpPOTHUMH € Koja (BEHTWIi), B SKHX BEKTOP
BXIJIHUX CTaHIB 3aB)KIH MOXKHA BiJJHOBUTH 3 BEKTOpa
BUX1IHUX CTaHiB. Jloriuni ¢GyHKII, K1
BI/IMTOBI/Ial0Th 3BOPOTHUM BEHTIUISAM, TTOBHHHI OyTH

OleKTUBHMMH, TOOTO  peami3yBaTH  B3a€EMHO-
ONHO3HAYHE BiJOOpak€HHS MDK BXiZHUM Ta
BUXiTHUM  BekTopamu. Po3pobmi  mudposux

3BOPOTHUX MPHUCTPOIB MPUCBIYCHA BEJIUKA KUIbKICTh
nociipkeHb [2,3], ogHaAK B OCHOBHOMY BOHHU
CTOCYIOThCSI CXEMOTEXHIYHOTO acrekTy. B nmaniit
poboTi ooy oBaHa CITiHOBA MOJICITh
OJTHOPO3PAIHOTO cymaropa Ha eneMeHTax Ilepeca
JUI TBEPAOTUILHOTO KBAaHTOBOTO KOMIT IOTEpa Ha
SIepHOMY Mar"iTHoMy pe3oHanci (SIMP) Ta
npoaHalli3oBaHa KOPEKTHICTh #HOro poboTd B
3aJIeKHOCTI BiJl MapaMeTpiB CHCTEMH.

2. MOBHUIN ONHOPO3PSAAHUNA
3BOPOTHMI CYMATOP

CymMaropu € OJNHMMH 3 OCHOBHHX OJIOKiB, SIKi
BXOJIAITh JIO CKJIAQy OUIBIIOCTI OOYHMCIIOBATBHHUX
npucTpoiB. Onucani BUIEe HEOOXiTHI 3MiHA Y JIOTII
KBAaHTOBUX OOYMCIIEHHP BHUMAramOTh BiAIIOBIAHUX
3MiH y peai3alii cyMaTopiB sk Ha JIOTIYHOMY, TaK i
Ha ¢izuyHOMY piBHI. B siKOoCTi Ga3MCHUX JOTiYHHX
€JICMCHTIB MOXKHA BHOpaTH 3BOPOTHI
(GyHKLIiIOHANBHO  TOBHI  eineMeHTH  Toddoi,
®penkina, [lepeca ta in. [1,3].

PosrnsiHeMo TpHBXOJIOBI 3BOPOTHI €IEMEHTH.
Enement Toddoni (CCNOT — aBidgi KOHTPOITHLOBaHE
HE), 300paxenuii Ha puc. 1, BUKOHY€ (DyHKILiIO:

P=A4,0=B,R=AB®C.

Lleit enemeHT € yHiBepcalbHUM, TOOTO 3 HOTrO
JIOTIOMOTOI0 MOKHAa OTPHUMAaTH IOBUIBHY JIOTiUHY

¢yHKUiIO, onHak BiH He 30epirae TapHICTh
(A®BOC#PDODR).

A P=4

B O=8

C {) R=AB&®C

Puc. 1 — Enement Toddoui

Y mnonepemHix pobGortax [4,5] Hamm Oyna
mpoaHanizoBaHa (i3MYHAa MOJENb  KBaHTOBOT'O
enementa  Openxina  (puc. 2), AKkud €

(YHKIIOHANEHO TIOBHUM, 3BOPOTHUM JIOTIYHHM
€JIEMEeHTOM, 10 30epirae mapHicTh, TOOTO Bara 3a
XeMMIHTOM BXiZJHUX CHUTHAaJIB 30epira€rbcs Ha

BUXO/I.
A P=4
B I Q=ABR®AC
C >< R=AC®AB

Puc. 2 — EnemenTt ®penkina

Enement @penkina (CSWAP — koHTpoIbOBaHMIMA
00MiH) BUKOHY€ (DYHKIIIIO:

P=4,
0 =if (A)then(C)else(B),
R =if (A)then(B)else(C).
B naniit po6oTi Mu BUOpanu B SIKOCTI 0a3MCHOTO
enement Ilepeca. TpukyOiTOBHII  3BOpOTHHIA

enement Ilepeca, K BHOHO 3 pHUC. 3, TMOEIHYE
¢bynkmii enemenTiB Oeitamana i Toddomi:

P=4, O=A®B, R=AB®C.

Xoua BiH He 30epirae mapHICTh, OJHAK Mae€

HaliMEHIy  KBaHTOBY  BapTicTh  cepel  ycCiX
TPUKYOITOBHUX KBaHTOBHX €JICMCHTIB, €
VHIBepCaJbHUM, a TOMY 3HAHMIIOB  IUPOKE

BUKOPHUCTAHHS B KOMOIHALIHHIX 3BOPOTHUX CXEMaX.
3o0kpema, KBaHTOBA BapTicTh eneMeHTiB Toddori Ta
®penkina cTaHOBUTH 5, enemenTa [lepeca — 4 1 1.10.
[L,3].

A ] | P=A

PG
B | L O=A4AD B
O —] L R=AB®C

Puc. 3 — Enement Ilepeca

283



Vitaliy G. Deibuk, Ivan M. Yuriychuk, Roman 1. Yuriychuk / Computing, 2012, Vol. 11, Issue 3, 282-292

JocmiauMo Ieski CXeMH CyMmatopiB, moOya0BaHi
Ha 3BOPOTHHX JIOTTYHHX EJIEMEHTaX 1 OLIHUMO TX
e()CKTUBHICTh 3 TOYKH 30py BHKOPHUCTaHHS JIJIs
KBaHTOBOTO KOMII FOTHHTY. [TopiBasHO 3
KJIACUYHUMH CXeMaMH Yy KBAaHTOBHX € DS
oOMexenb. llo-mepie, y KBaHTOBHX CXeMaX HeE
JIOITYCKAIOThCS «IMKJIN», TOOTO 3BOPOTHUMN 3B’SI30K
BiJl OJHI€] YaCTMHM KBAHTOBOI CXEMHU [0 IHIIOI,
cxemMa Mae Oytn «aunukimiuHoro». [lo-gpyre,
3aboponena  omepamiss FANIN  (MoxnuBicTh
3’€IHYyBaTH TPOBOOW B OJWH, SKAA MICTHUTH
nobiToBe OR BXOIB), sika € HE3BOPOTHOIO, &, OTKE,
HeyHiTapHOto. [lo-Tpere, B KBaHTOBHX CXeMax
HemomyctiMa # obOepHeHa omepauis FANOUT
(posramyxeHHSI 3a BHXOJOM) HYepe3 TEOopeMy Ipo
3a00pOHY KJIOHYBaHHSI KBaHTOBUX cTaHiB [1]. Kpim
bOT0, Ma€ MICIle YMOBa HOPMYBAaHHS Ha KBaHTOBI
CTaHM, IO BIATIOBiNA€ iX IMOBIpHICHOMY XapaKTepy.

AOcTparyro4mrch  BiJ ~ anapatHOl — YacTHHH,
noOyayemMo (PyHKIIOHABHI CXEMH CyMaTOpiB Ha
3BOPOTHUX JIOTIYHUX €JIEMEHTax, BIiIIMOBITHO IO
BUILE HaBeJeHWUX KpurtepiiB. [IpoBememo OIIHKY
CXEM 3a KBAaHTOBOIO BapTICTIO Ta HASBHICTIO 3aliBUX
(cTOKOBMX) BHXO[iB, BHKOPHUCTABIIN E€JIEMEHTH
ITepeca Ta ®peaxina.

[ToBHUIT OMHOPO3PSIHUIA CyMaTop BHKOHYE IBi
(hyHKIIT: HogaBaHHSA:

S=A®B®C,

Ta (opMyBaHHS TIEpeHECEHHS B HACTYIHUI
po3psa

C,,=(A®B)C, v AB.

Takuit cymatop MoOXKHa TOOYIyBaTH Ha JBOX
enemenrax llepeca (puc. 4). KBaHTOBa BapTicTh
TaKoi CXeMH CTAaHOBHTH 8, araparHa CKJIaIHICTh — 2.

IIpu moOymoBi KBaHTOBMX MEpPEX BelMKa yBara
MIPUAUIAETECA TaK 3BAaHUM IIOCTIHHMM BXOJaM Ta
3aiiBuM  Buxomam  (Garbage  Inputs/Outputs).
HasiBHICTh Takux BXOJiB-BUXOIB CyNEpPEUnTh el
MiHiMi3amii BTpaT eHeprii, a/pke Ha 3aiiBi BUXOAU
EHEepPris TOCTYyIla€ Ta PO3CIIOETBCA 1 HEOOXiTHO
MPUIMATH CIICI[iaIbHI 3aX0JM MIOJ0 11 yTHIIi3alii.
ITomana cxema MicTuth | MOCTIMHMEA BXig Ha 2 3ailBi
BUXOH.

AD PG FJ -o-J

s+ PG »
B Ik u«»—l —+e oh——28
Cin GND; | "—-=Cout

o R Rr

Puc. 4 — IloBHuii 0JHOPO3PSAIHMIL CyMATOP HA
eaemenTax Ilepeca

Ha 6a3i ememenTa ®penkina MoKHA TTOOYAyBaTH
MOBHUN OMHOpO3psAaHUN cymarop [6] (puc. 5).
HaBenena cxema He MICTUTH LIUKIIIB Ta PO3Taly>KeHb
MO0 BUXOMYy, IO BIAMOBIAE OMWUCAHUM BHIIE
KPHUTEPiSM 10 KBaHTOBUX cxeM. CXema CKIIaIaeThCs
3 mWATH eneMeHTiB ®PpeakiHa, Mae KBaHTOBY
BapTICTh piBHY 25, amapaTHy CKIaAHICTb — 3,
KIJIBKICTh IIOCTIMHUX BXO/IB — 4, 3aBUX BUXOI1B— 4.

CiBD

SO

AD’_—:: FR :4——|—A—= FR :J’_L‘E»: FR :J L.t Fr ::W %; FR ::g%om
N 7 . r hl =5um

Puc. 5 — Jloriuna cxeMa HOBHOTO OJTHOPO3PSIAHOIO
cymaropa Ha eqeMeHTax ®@penkina [6]

Ha 06a3i mOBHOrO OMHOPO3PSIAHOTO CyMaropa
MOXHa MOOyIyBaTH  JNOBUTBHHHA — n-pO3PSAHUM
cymarop. BpaxoByroun HaBesieHi BuIe KpuTepii 10
KBAaHTOBHX MEpPEX, MOXHA 3pOOUTH BHCHOBOK, IIIO 3
TOYKM 30py SK amapaTtHoi CKIAJAHOCTI, TakK i
KBaHTOBOI BapTOCTI Ta KiJILKOCTI 3aliBUX BHUBOZIB,
CXeMa TIIOBHOTO OJHOPO3PAIHOTO CymaTopa Ha
enementax Ilepeca € mepeBaxHoio. Came TOMY
npoaHanizyemo ii pisuuHy Mozenb.

3. AHANI3 ®I3UYHOI MOAENI
CYMATOPA

JloBUTbHa NBOpiBHEBAa KBAaHTOBAa CHCTEMa, B
MPHUHIIUII, MOXKe OyTH BUKOPHUCTaHA JUII KBAHTOBHX
oOuncnenb. B Takux oOUYMCIEHHSX UIE OOpPOOKH
iHpopMarlii BUKOPHCTOBYIOTHCS KBAHTOBI  OiTH
(xy0itn). Kyo6ir (KBB) € cymepnosumiero aBox

- [0) . [1)
OCHOBHHUX KBAaHTOBUX CTaHI1B | 1 .

¥ =c,|0)+c|1)

npy YMOBI

=1.

2 2
of +e

Tenzopuuii n00yTOK N-KyOITiB 3amae perictp
x>:‘iN71, ,i0>, ac ij :0,1 i

KBaHTOBHi1 KoMm’1otep 3 N-Ky6itamu mparoe B 2"~
BUMIpHOMY TiTEOEPTOBOMY MIPOCTOPi 3 €JIEMEHTAMHU

V=Yl ¥

JloBiibHa ormepailisi 3 perictpaMu  3aJa€ThCs
VHITapHUM  TEPEeTBOPEHHSIM, 10  BU3HAuae
BIIIIOBIIHWIT KBAHTOBHUI JIOTIYHUI €JEMEHT. Xoda
KBaHTOBI KOMII'IOTEPU 3 KiIbKOMa KyOiTaMu BixKe
TEXHIYHO peati3oBaHi i Ha HUX YCHIIIHO TepeBipeHi

IOBXUHOIO N:

2.

c

X
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BIIACHE KBaHTOBI aJTOPUTMH, cepitosHi
KOMIT FOTepHI PO3paxyHKA BHMAararoTh KBaHTOBHX
KoMIT'toTepiB  mpuHaiiMHi 31 100-kyOiTOBUMHU
pericTpaMu, Ha IO CJJ CIIO/IBATUCS Y HEJAIEKOMY

MaiiOyTHEOMY.

Mogens  TBEpAOTUIBHOTO  KOMI'IOTEpa €
JIOCTaTHBO  PEANTICTHYHOIO 1  3pYYHOI0  JUIS
AQHANITHMYHOTO  Ta  YHCIOBOTO  MOJENIOBaHHS

KBaHTOBUX JIOTIYHHX €JIEMEHTIB Ta MPHUCTPOIB HA iX
ocHOBi. OCHOBY TaKoOro IiJX0Ay CKJIQA€ KBAHTOBO-
MexaHiYHa Momens I3iHra [7] s JTaHIFOKKA
B3aEMOJIIIOYUX MIXK COOOI0 YOTHPHOX CIIHIB Y5,
KOTpi mepeOyBaloTh Mif Ji€l0 CHIBHOTO CTaTHYHOTO
maraiTHOro monss (CMII) i kepyrodoro cmabkoro
MIONIEPEYHOTO PAAiOYaCTOTHOTO MATHITHOTO ITOJIS
(PUMII) 3 kpyroBor mossipusauicro. ['aminbToHian
CHCTEMH, TOOTO OmepaTrop TIOBHOI eHeprii, Mae
BuUrysA [7 ]:

A A

H=H,+W, (1)
e

Hy ==Y o, 17 +2J[1517 + 71 + 15 +
pay (2)
vall;r; + 1717 )+ o115,

3

3
W= —th [Ik+ expliot )+ I, exp(— icot)]. (3)
k=0

Omnepartop (1) nmpu BpaxysarHi (2) i (3) Bu3Hauae
MOBEJIHKY CHUCTEMH B3a€EMOMIIOYUX CIIHIB Y
MarHitTHomy moii B = (b cos ot,— bsin (Dt,B(Z)),
ne b ta o - ammiityma Ta dvactora PUMIIL,
BianoBinHo, B(z) — 3amexHa Bijx KOOPIWHATH Z
iaykiis CMIIL. Okpim Toro y dopmynax (2) i (3)
I, — omeparopu mpoekuii k-ro cmiHy Ha BiCh z,

+ Ty . . .
I, =1; *il] — rak 3BaHi onepaTopy MiABHIICHHS i

HOHWKEHHS, ), :’YB(Zk) — JlapmopoBi uactoTH

nperecii criniB, ) =yb — gacroru ocunsiit Paoi,
Y — ripomarHiTHuil Qaktop mporona, J— crana
OOMIHHOT B3aeMOJIIi MK HaWOJIMKYMMHU CYyCilTaMHu,
a=J'/J — BimHOCHMIT BHECOK OOMIHHOI B3aeMOJIil
apyrux cyciais (J°), i — crana Ilnanka, nozigeHa Ha
27, O, Ta O — BiIHOCHI BHECKH B3a€MOJii CyciiB
Yyepe3 OAHOTO i 4epe3 nBa, BimmoBigHo [5]. Taka

Monens Mae 16 craHiB, fKi MOXYTb OyTH
3aHyMepOBaHi JeCATKOBHMH YHCIIAMH
n=12,.,16, KOXHOMY 3 SKHX I[OCTaBUMO Y

BIJIMOBITHICTH HOTO NIBIHKOBE 300paKCHHS (i3i2i1i0),
JIe BMICT KOXHOTO po3psay aopiBaioe 0 a6o 1, mio
BiMOBimae opieHTamii cmiHy 3a abo TpoTH
HanpssmMky CMIL. Yepe3 moBHOTY crcTeMH 0a3HCHUX

CTaHiB |k» MJOBUTBHHHA CTaH CHCTEMH MOXHa
3anucaTH y BUIJISL X JIIHIHHOT KOMO1HAIIIT:

()= C0)1k). )

Il
[

XBHILOBI 0a3ucHUX CcTaHiB | €

GyHKIiT
BIIaCHUMU (YHKIIsIMH omepatopa /1,

H,[k)=E k), (5)

TOMI BJAacHI eHeprii 0a3MCHUX CTaHIB aHATI30BaHOI
CHCTEMH BHU3Ha4YarOThes popmynoro [5]:

1

E,=E, =-05n 23:

k:O(
(-

+J[(— l)ioﬂl ( 1)11+12 + 1)12+l3

ral1p s ooy

Mopens MICTHTh P IapaMeTpiB, 30KpeMa
4acTOTH OCUMIALINA @, . Bubpapmmu B(Zk)

(6)

TaK,
o0 4YacTOTH OCHWJIAIIN CHIHIB JIOpPiIBHIOBAJIN

O)k = 20)k_1 5 CHCPIreTUYHNU CIICKTP CUCTEMHU

NpeACTaBiIsie  CcoOOI0
epekrom 3eemana 16

CUCTEMY  PO3UICIUICHUX
€KBIJTUCTAHTHUX PIBHIB,
Biggane /10, MiX SKHMH BH3HAYA€THCS BEITHUNHOIO
CTaTUIHOTO MAar”iTHOro moyis. OCHOBHUM piBHEM
cucremu Oyzne piseHb (0000), a HalBUIUM IO
eneprii — piBens (1111). UucnoBe MopemoBaHHS
MPOBENICHO JJIsl HACTYIHUX 3HA4YeHb I1apaMeTpiB
cucremu (B oguHUISX 27T MII):

o, =100, o, =200,
a=uo'=0,1,

®, =400, ©, =800,
J=5, Q=0,1.

Ha puc. 6 npencraBnena jiarpama eHepreTUYHUX
piBHIB cuctemu. CTpiTkaMH Ha PHCYHKY BKa3aHi
no3BoisieHi nepexonu. Tak 3 ocHoBHOTO piBHS (0000)
MOJIUBUMH € MEPEXOAH 3 MEPEBOPOTOM OJIHOTO 3i
cminis: (0000) — (0001), 1 — 2; (0000) — (0001), 1
— 3; (0000) — (0010), 1 —> 5; (0100) — (1000), 1
- 9.
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750 111> 16
¢ 10> 15

101> 14

3 100> 13
1011> 12

T' 1010= 11
1001> 10

3 1000= 9
0> 8
010> 7
T 0101> 6
0100> 5

4

3

2

1

50

5, 2 Mru

E
e

$ 0011>
0010=

i 0001>
0000=

-750

Puc. 6 — Jliarpama eHepreTH4HHX PiBHIB cUCTeMH 3
YOTHPBOX CHiHIB

JlnHaMika CHCTEMH OMUCYETHCS HeCTallioOHAPHUM
(3anexxHuM Bif vacy f) piBHsHHAM Llpeninrepa, sike
Ma€ BUTJISIA:

Y _ (7)
ot

bepyun 1o yBaru poskinazn (4), OCTaHHE PiBHSHHS
CKBIBaJICHTHE  CHCTEMI 16-tTu  piBHAHBb 3
[IiCTHAAIATEMA KOMIUIEKCHUMH HeBinomumu C,, (m
=1...16):

16
inC, =E,C, + > W,.C,, (8)
n=l1
ne W, (1)

30ypenHHs (3), o0urcIeHni Ha XBUIHOBUX (YHKITISIX
OasucHMx cTaHiB. J[ng aHamizoBaHOi CHCTEMU
marpuns W (t) mae crpykrypy [5].

— MAaTpU4yHUK €JEMEHT OomepaTopa

Hns crnpomenHs (8) mepeimeMo 10 CHCTEMH
BiZUTIKY, TIOB’sI3aHOT 31 CIiHAMH, SIKi MPEUEeCyIOTh Yy
CMII, Ttob6to mpencraBumo koediumientn C, 'y

BUTIISAAL:
C, =D, expl—iE, ™). )

Tomi 1uist cucTeMu piBHSHB (8) MOXKHA 3alUCaTh

D, = iTmn t)D,

n=1

(10)

npudoMy Martpuuni emxementu [, (f) MaroTh

HaCTyHHI/Iﬁ BUTJIA:

T,,m(o=—%Wmn(t)exp(icomr), (an

ne
E —E
mmn — m h n (12)
Cucrema  piBasap  (10) €  cucremoro
mudepeHIliabHAX PIBHSAHb MEPIIOTO TOPSAKY 3
uesizomumun D (¢). Ilporpamy  4YHCIOBOTO

IHTETpYBaHHSA CHCTEMHU PO3pO0JICHO 1 peaizoBaHO B
cepenoBumi MatLab 3 BHKOPHUCTaHHSI MPOLEIYpH
odel13.

PosrnsHemMo  cmodatky ~— po0OOTYy — TOBHOTO
OJTHOPO3PSITHOTO CyMaTopa, IO CKIANAETHCS 3 ABOX
enementiB Ilepeca (puc. 7), Ha umMcTHX LUPPOBUX
cTaHax. BXigHWIi BeKTOp MOBHOTO cymaTopa
CKIIATAETHCS 3 YOTUPHOX OITiB, IPHIOMY TPETi Mae
HYJIbOBE 3HauYeHHs. B Ttabmumi 1 mnpencraenena
TaOIUIIS ICTHHHOCTI [IEPIIIOTO 100)9%
OJTHOPO3PSITHOTO CyMaropa, IO MICTUTH IepHINit
enemeHr llepeca.

A— G,
B — Peres ADB —— G.=A®B
0 —

c. -

Peres |—— S=A@BaC,
AB — C.=(A®B)C,2AB

I

Puc. 7 — IloBHuii cymatop Ha ejemenTax Ilepeca

Ta6muus 1. Tadauus icTHHHOCTI nMepIIOTro GJIOKY
OIHOPO3PSAAHOI0 CyMaTopa

A | B | C|Cy)A4A | B |C "N

0 0 0 0 0 0 0 0

IIpsmi  mepexogm 13(1100) — 11(1010) i
14(1101) — 12(1011) 3a60poHeHi, OCKUTBKY TTif] 9ac
HUX BiZIOYBalOTBCS TEPEBOPOTH BiApasy IBOX
conigis. OpHak  JO3BOJIEHMMH €  JBOCTaAliHI
nepexoau 4epe3 mpoMixkHuiA ctaH (puc. 8). s
nepexoxy 13(1100) — 11(1010) wmoxuBi jaBa
BapiaHTH: Tepexin depe3 nmpoMikaui ctan 9(1000):
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13(1100) — 9(1000) — 11(1010), i mepexix depe3
npomikHuiA cran 15(1110): 13(1100) — 15(1110)
— 11(1010). Jna nepexomy 14(1101) — 12(1011)
MOJKJIMBI JIBa BapiaHTH: MepexiJ yepe3 MpPOMIKHUIM
cran 10(1001): 14(1101) — 10(1001) — 12(1011), 1
niepexia yepe3 nmpomixkauit ctan 16(1110): 14(1101)
% 16(1110) —» 12(1011).

[+:]

i r 1111=

1110=
1101=
1100=
1011=
1010=
1001>
1000=
0111>
0110>
0101>
0100=
0011=
0010=
0001=
0000=

-y
o

E N

wr

-
M

iy

=
o

w

E, 2n MI'

= N W oo~ @

————————————— 11

| ———
-750 I

Puc. 8 — /lo3Bo.ieHi mepexoan, HeoOXiqHi 1151 podoTH
nepworo (I) ta gpyroro (II) 610Ky cymaTopa

3ayBaKUMO, L0 A 3O1MCHEHHS OyAb-SKOTO
JI03BOJIEHOT'O IIEPEXOAY 3 YUCTOTO CTaHy 3 HOMEPOM
L y uucruéi cran 3 HoMepoM M HEOOXimHO
HamamtyBatn PUMII y pe3onanc, To6To BHOpatn
o =0y |
. 'Y npomy Bunaaxy cucremy piBasHb (10)
MOXXHa  TIPOIHTErpyBaTH  aHAWTHYHO.  Tomi,
HampuKiIaz, g nepexoxy 13 — 9 orpumyemo ans
aMInIiTy cTaHiB 131 9:

Qt
D13(t)=cos7, (13)
. Qt
D9(t)=i81n7. (14)
BpaxoByroun, 1mo #WMOBIpHOCTI  peamizamii

P
0a3MCHUX CTaHiB n AOPIBHIOIOTL KBaJApaTaM

. : . D,(t
MOAYJIIB CJIEMCHTIB MAaTpHIIl n

0CTaTOYHO
OTPUMAEMO  TaKi  3aJleKHOCTI  WMOBIPHOCTEH
peaiizaii ctaniB 13 1 9 Big yacy:
Qt
R3(t):coszj, (15)
Qt
By(t)=sin* == (16)

3 dopmyi (15) ta (16) BUAHO, IO MPOTATOM TaK
3BaHOIO T-IMIYJbCY, TPUBATICTh SIKOTO [, = TC/Q,

WMOBIPHICTE pealtizallii MoYaTKOBOTO YHCTOTO CTaHy
3 HOoMepoM 13 miaBHO crnamae Big 1 go 0, a
HMOBIpHICTh pealizalii KiHIeBOr0 YUCTOTO CTaHy 3
HOMepoM 9 mmaBHO 3poctae Big 0 mo 1. IMoBipHicT
PEILITH CTaHIB BECh Yac 3aMIIAE€ThCS HYJIHOBOIO. Lle
CHpaBeIMBO Ui OyAb-sKOi Maph YHCTHX CTaHiB,
HEepexXoan MiX SKUMHU J103BOJICHI. TakMM YMHOM, Ha
YHUCTHUX CTaHaxX 3a yMOBM HacTporoBaHHs PUMII na
KOXHIM cTafii B pe30HaHC, OJHOPO3PSAHUN CyMaTop
Ha TepIIOMy eTarli YiTKo, TOOTO 3 iMOBipHICcTIO 1,
CIIPAIIbOBYE 3a JBA T-IMITYJIbCH.

Buxigaunii BEKTOD MIEPILIOTO 0JIOKY
OTHOPO3PSITHOTO CyMaTopa IOAAEThCS Ha JPYTHH
ook (puc. 7). OTXe, BXiTHUM BEKTOPOM OJIOKY 3
npyruM enemeHToM Ilepeca € doTupuOITOBHI

BEKTOp, 3HAuUeHHS Tmepmoro OiTy SKOro He
3MIHIOETECS.
B Ttabmmmi 2 wHaBemeHa TaOiMIl 1CTHHHOCTI

JIpyroro OJIOKY OIHOPO3PSITHOTO cymartopa. Y
JTAHOMY BHUIMAJIKy 3a00POHEHUMH € MPsIMi MEePeXoan
6(0101) — 7(0110) i 14(1101) — 15(1110), Tomy
JUTS 1X peauizamii HeOOXigHI ABOCTaMAilHI Mepexoan
yepe3 npoMikHuK ctal. [ng mepexoxy 6(0101) —
7(0110) mMoxnMBI JBa BapiaHTH — TeEpeXim depes
npomixkamii cran 5(0100): 6(0101) — 5(0100) —»
7(0110), 1 mepexin gepe3 nmpomixkamii ctan 8(0111):
6(0101) — 8(0111) —» 7(0110). Hna mepexomy
14(0101) — 15(0110) moxnuBi aBa BapiaHTH —
mepexin gepe3 npomikauit cran 16(1111): 14(0101)
— 16(1111) — 15(0110), i mepexim uepe3
npomixkamii cran 13(1100): 14(0101) — 13(1100)
— 15(0110). Ha puc. 8. crpinmkamu 300paxkeHi
JIO3BOJIEHI ~ TepeXxoad, HeoOXimHi g podoTH
JpyToro OJIOKY OAHOPO3PSAHOTO CyMaTopa.

Tadauus 2. Tadauus icTHHHOCTI APyroro 610Ky
OAHOPO3PSAAHOI0 CyMaTopa

A" | B | Cn| Cn ) G | G| § | Cour

0 0 0 0 0 0 0 0

0 0 0 1 0 0 0 1

B Tabnmmi 3 HaBenmeHi BCI MOXKITUBI IEPEXO.IH,
HEOOXITHI I peamizallii poOOTH OIHOPO3PSITHOTO
cymaropa. OTxe, B 3arajbHOMYy BHUIAJIKy HOBHHUU
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OZTHOPO3PSITHUH CyMaTOp WYiTKO CIIPalbOBY€ Ha
IU(PPOBUX CTAHAX 338 YOTHPH T-IMITYIIbCH.

Tab6auus 3. Iepexoau, 1o peasizyoTh NOBHUIA
OJIHOPO3PAIHUIA cyMaTOP

1-# 0ok 2-1 OJIOK
1—>1 1 -1
2—-2 2—-2
5—5 556

6—>5—>7
6—6 6—>8—7
913 13 > 14
14 —- 16 —> 15
10— 14 14—13— 15
135911
13— 15— 11 =11
14 - 10 —>12
1416 — 12 12—12

4. 0OCNIAXEHHA KOPEKTHOCTI
POBOTU CYMATOPA

AHaJizy TepexoJliB MiX YHCTUMHU IHPPOBUMHU
CTaHaMH HEIO0CTAaTHHO JJIsL BCTAHOBJICHHS
ONTUMAIBHUX TapaMmeTpiB cucremu. Kpim Ttoro, 3
TOYKHU 30pY 3aCTOCYBAaHHS KBAHTOBOTO MapajelizMmy
TIPSIMUH iHTEpEC MIPEACTABIISIE peaizartis
OJTHOPO3PSTHOTO CyMaTopa Ha CYNEpPIO3UIIHHUX
craHax. JIJif mbOro po3risIHEMO JIBa CYIEPIO3UIIiH

cragu. Ilepmmit 3 HHX €  PIBHOMIPHOIO
CYIEPIO3HIIIEI0 0a3UCHUX CTaHIB:
. J6
w,0)=(16)" Y| %) (17)

k=1

Hdpyruii — ne Takuil cynepno3uUidHMN CTaH, B
sskoMy TudpoBi craHu 1 — 8 BiNBHI, a pemTa —
PIBHOMIpHO 3amOBHEHI 3 iMOBipHICTIO 1/8:

0= (&) Y1k (1s)

ITomieMo Ha 1i CTaHW M[EPIIUM  OJOKOM
OJTHOPO3psAIHOTO cymaropa. [lo3HaunmMo yTBOpEHi
MpH THOMY OYIKyBaHi MaTpuili KoedimieHTiB

(1)

poskiamy mo OasucHHX cTaHax dvepe3 D Ta

D®) . Peanpni MaTpHlli, yTBOPEHi Ji€0 Ha BKa3zaHi
BHINC TIOYATKOBI CYNEPIIO3UINHHI CTaHW TOTO XK
OJTHOPO3PSITHOTO CyMaTopa MPH MEHIINX 3HAYCHHSIX
o B miamazoni 0<o<0,] i He3MiHHMX IHIIHX

rmapamMeTpax CHCTEMH, TIO3HAYNMO BiAIOBIIHO Yepe3

D) 1a D), Mipy 30iry peanpHHX MaTpHllb 3
OYiKyBaHUMH BU3HAYNMO Yepe3 QPYHKITIO JiTKOCTI F

[71:

FO ‘ plo+ plir)

(19)

F® _ ‘D(28)+D(2r) ; (20)

JIe XPECTUK O3HAYa€ epPMITOBE CIpshKeHHSI. B 00ox
BUIAJKaX MAaTPUIIS-PSITOK MHOKUTHCS HA MATPHUIIO-
CTOBMElb. BBaxkaTmMeMo, M0 TPH KOXKHOMY
BUOpaHOMY 3HAa4YE€HHI O. OJHOPO3PSAHUI CyMaTop
MPaIoe KOPEKTHO, AKImO QyHKmii gitkocti (19) i
(20) mopiBHIOIOTH 1.

PosrnssHeMo nBoCTaifiHI TIEPEXOH, HAITPHKIA]
mepexomgun 13(1100) — 9(1000) — 11(1010).
I'padiku dyHKIIH 4yiTKOCTI, MOOYIOBaHI Ha OCHOBI
PO3B’sI3aHHSA CHUCTEMH (10) TUTS 000x
CYNEPIIO3NINIMANX CTaHIB TIPEICTaBICHI Ha pHC.
9(a). Pesymbratm po3paxyHKiB sl PIBHOMIpHOi
Cynepno3uilii 300paKeHO CYIUILHOKO JIIHIEI0, a s
HEPIBHOMIPHOI CYNepHo3ullii — MyHKTHpPHOW. K
BUIUTMBAE 3 puc. 9(a), piBHOMIpHA CYNEPIIO3UILIs €
OITBII «OKOPCTKOIO», OCKINBKM JUia Hei (QyHKIis
gitkocTi npu oL <0,04 mMae menmn 3Ha4eHHs. OOuaBI
(GYHKIIIT 9ITKOCTI OCITHIIOIOTH B 3aJIS)KHOCTI Big O 3
nepiofoM, KUl 1Isi BUOpaHMX TMapameTpiB 3axadi
npubnu3Ho nopiBHioe 0,02. HaiimeHimie 3HaueHHS
O, TpH SKOMY 3Ha4eHHS (QyHKIII YiTKOCTI
nopiBHIOWOTH 1, cranoButh 0,04. Ane Bke mpu O =
0,03 (y mpyromy MiHiMyMi) @i 3Ha4YeHHS JOCHUTH
ICTOTHO BIAPI3HAIOTBCA Big 1 1 JOPIBHIOOTH
BignmoBimHo 0,96 mist HepiBHOMIpHOT 1 0,94 mns
piBHOMIpHOi cymepro3ullii. BucHOBKH, 3pobieHi
npu posrisiai mepexoni 13(1100) — 9(1000) —
11(1010), 3anumaroTbcsi CHOpaBEAJIMBHMH 1 JUIS
IHIIMX TepeXOAdiB, sKi HEOOXigHi Uit poOOTH
MMOBHOTO OJHOPO3psAAHOTO cymartopa (tabm. 3).
AHaJOTIYHI BUCHOBKH OTPUMYIOTBCS 3 aHaJI3y
IHIIMX, B TOMY YHCIi MABOCTQJiMHUX TMEPEXOIiB,
HEOOX1THUX /11 pOOOTH OJHOPO3PSITHOTO CyMaTopa
SK U1 PIBHOMIpPHOi, TaK 1 HEPiBHOMIpHOI
CYMEPIO3HIIIH.

B3aemopist Mik SICpHUMH CHiHAMH BUHUKAE
BHACIIJIOK OOMiHHOT B3a€MOJIi €JIEKTPOHIB CYCIIHIX
KyOiTiB, SKIOI0O BOHM pO3TAIIOBaHI JOCTATHBO
OMM3BKO OJMH 10 OAHOrO 1 XBWIBOBI (yHKMIi
EJIEKTPOHIB SKUX MEPEKPUBAOTHCS, TOMY BEIHYHWHA
oOMiHHO B3aeMomii MK CHIHAMH 3aJ€KUTh Bil
BiJCTaHl MIXK CIIIHAMMU.

SIKIo cmiHM 3HAXOAATHCS Ha BIACTaHI 7, TO IS
00MiHHOI eHeprii cripaBeHBO [8]:
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2
4J(r) = 1,66—115‘/2 exp(— 2n) ,
ga,

21

ne n=r/ dy, € — JUeJeKTpUMYHa MOCTiiiHA
cepenoBHIla, ag — OOpPIBCHKUIl paiyc.

[IpoanamizoBaHa 3ayleXHICTh (YHKII YITKOCTI
CIPALIOBAHHSA  OJHOPO3PAJHOIO cymaropa Bix
Bimctani (n) Mk cmiHamu (puc. 9(b)) mns
piBHOMIpHOT (CyIilbHa KpHBa) 1 HEPIBHOMIpPHOI
(myHKTHpHa KpWBa) CYNEpHO3ULii NpH mepexonax
13(1100)—9(1000)—11(1010). MaxkcumManbHe
3HA4YEHHs MapaMeTpa 1), Ui SIKOT0 OJXHOPO3PSIAHUIM
CyMaTop CIIparboBYy€e KOPEKTHO, AOPiBHIOE 1| = 1,52,
3anexHicTh (PyHKIIT YITKOCTI BiJl mapaMerpa 1 s
THIIUX MEPEeXOMdiB BUABISE TaKy K 3aKOHOMIPHICTb.
BpaxoBytoun, mo ans ioHiB Qocopy B KpeMHii
OopiBChKME  pamiyc ckimamae 3 HM, s
MaKCUMaJNbHOI Bifmami MiK KyOiTaMu mpu sKii
CyMaTop KOPEKTHO MpAaIlO€ OTPHUMYEMO BEIUYHUHY
4,56 aMm.

F
10

09

08

07

06

010
a

BiJicTaHb MiX KybOitamm ( = 4,56 HM), He0oOXimHA
JUTSE KOPEKTHOT pOOOTH cymaropa.
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Bimanit [etbyk, npogecop,
OoKmop is3uKko-mamema-
MUYHUX ~ Hayk, npoghecop
kaghedpu «Komm'romepHi cuc-
memu ma mepexi» HepHiseynb-
Ko20 HauyioHarnbHoeo yHigep-
cumemy imeHi KOpis ®edbko-
suya. Cmax Haykogo-rnedazo-
2i4Hoi  OisnbHOCMi Yy euwWit
wekoni 30 pokis. Aemop rnoHad
1560 Haykosux ma HayKoeo-
MemoOUYHUX Mpaub, 8 MOMYy 4ucni 3 Hag4yasrbHUX
nocibHuku 3 epugpom MiHicmepcmea oceimu ma
HayKku YKpaiHu.

Haykosi iHmepecu - KomIT'tomepHe
MOOesIt08aHHs pi3u4HUX enacmusocmel
KOHOeHcoBaHUX cucmeM, npobremu KeaHmoegoi
iHgbopmamuku, 00CiOXKEHHSI enacmusocmel

Mamepiarnig 01151 KBaHMOBUX KOMIT'romepis.

lean KOpityyk, kaHOudam
i3uKo-mMamemMamuyHUX Hayk,
OoueHm  kaghedpu  hi3uKu
HaniernpoegioHukKie i  HaHo-
cmpykmyp YepHiseybkoeo
HayjioHasbH020 yHigep-
cumemy imeHi FOpiss ®edbKo-
suya. Cmax Haykoego-rnedazo-
eiyHoi  disnbHocmi  y  euwid
wkorni 25 pokis.

Asemop noHad 70 Haykogux ma HayKoeo-
memoduyHuUx  npayb. Haykosei iHmepecu —
O0CliOXKEHHS eHepeemu4Ho20 crniekmpy

HU3bKOPO3MIPHUX HamiernposiOHUKOBUX K8aHMosux
CMpyKmMyp, 8UBYEHHSI eHepaemuyHoi cmpykmypu
cucmemu deghekmie 8 HariarposiOHUKax.

PomaH HOpitvyk, mazicmp
kagpedpu «Komm'romepHi cuc-
memMu ma mepexi» YepHi-
8eybKozo HaujoHarbHo20
yHigepcumemy imeHi  tOpis
®edbKosuya. Haykosi
iHmepecu — KOMMlOMepHe
MOOeso8aHHs eremMeHmis
KeaHmMosuUX KomIi’romepis.
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Abstract: Four-spin model of single-digit summator for solid state nuclear magnetic resonance (NMR) quantum
computer is proposed. Correctness of summator’s operation is analyzed in dependence of system parameters. It is found
that the summator on Peres gates works correctly in time of four m-pulses on pure numerical and superposition states.
Optimal values for exchange interactions and maximum distance between q-bits necessary for correct summator’s

operation are obtained from the analysis of fidelity function.

Keywords: quantum bit, quantum computer, Peres logical gate, spin, Ising model, fidelity function, full single-digit

summator.

1. INTRODUCTION

Development of new technologies leads to higher
performance, miniaturization and complexity of
computer technology and causes an increase in the
number of transistors in chips and therefore growth
of power consumption. Millions of gates that
perform logical operations in traditional computers
are irreversible. That is, every time execution of
logical operations leads to the loss of some of the
input information, which dissipated as heat.
Successful alternative in this question can be
considered recently rapidly developing in various
fields the use of reverse logic [1]. The ability to use
reverse logic operations that do not destroy the
incoming data, in theory does not lead to energy
dissipation in the system. This logic allows to
reproduce input states from output states.

The development of digital reverce devices is a
subject of many papers [1], but they mainly relate to
circuitry implementation. Adder is one of the main
blocks of computing devices. Above mantioned
changes in the logic of quantum computing require
corresponding changes in the implementation of
adders both in logical and physical level. In previous
paper [2] we analyzed physical model of quantum
Fredkin gate, which is functionally complete,
reversible logic element. In this work a spin model
for single-digit adder on Peres gates for solid state
NMR quantum computer is proposed and
correctness of its work depending on system
parameters is analyzed.

2. RESULTS AND DISCUSSION

We consider quantum mechanics Ising model for
iteracting four spins which are subjected to a strong
constant magnetic field (CMF) and a weak
transverse radio frequency magnetic field (RFMF).
Hamiltonian of the system may by written as [3]:

A A

H=H,+W, (1)

where

i, = _hi o I7 +2J[IZ1F + 171 + 07 + |
k=0
vallPL + I )+ oI )

A

3
W= —hQZ [Ik+ expliot)+ I, exp(- icot)]. (3)
k=0

Operator (1) sets forth the system of four
interacting spins in magnetic field

B= (b cos ot,— bsin mt,B(z)), where b and ® —
amplitude and frequency of RFMF, B(z) - z-
CMF
of k-th
I =1I; til] — so-called «descend» and «ascend»

coordinate dependent induction, [, -

projection  operator spin on z-axis,
operators, I'YB(Zk) — Larmore’s precession
frequencies, Q=vb — Rabi’s frequency, y -
proton gyromagnetic ratio, J — exchange interaction
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constant for nearest neighbors, o and o' — relative
exchange interaction for second and third neighbors
correspondingly [2], # — Plank’s constant. The
model has 16 states each of which correspond to

binary representation (i3i2i1i0), where i is equal to 0

or 1. An arbitrary state of the system can be written
as a linear combination of the basis states |k>, which

are eigenvectors of the operator H 0

16

()= G o)k )

k=1

Evolution of the system is described by time-
dependent Schrodinger equation, which may be
represented in the form:

D, Z (DD, .

n=1

(10)

where time-dependent matrix L. has the form:
T, 0=, Oexplio, ). ©)

W, (1)

Here — matrix of the perturbation

A

operator W' on the
= (Eﬂ’l - En )/ h
System (10) is a system of first order differential

equations with unknown amplitudes D, (t)
Numerical integration of the system is realized in
MatLab program environment. For numerical
simulation following parameters of the system were

chosen (in units 27 MHz): o :100 , :200
, =400 0)3—800 o=0o'= 01 J 5. 0-0.1.

Full smgle digit adder c0n51sts of two Peres
gates. Input register of the adder is a four-bit vector,
one bit of which is equal to 0. Output vector from
the first Peres gate is directed to the second Peres
gate.

We study the action of the adder both on pure
numerical states and also on superposition states.
Two types of superposition states are considered: a
uniform superposition of basis states and a
superposition state where basis states 1-8 are free
and the rest has probability 1/8.

For pure numerical states during so-called =-
pulse probability of initial numerical state
continuously decrease from 1 to 0, and probability of
final state continuously increases form 0 to 1.
Probability of other states remains unchanged. It is
true for every pair of pure numerical states Thus,

basis states |k> and

while frequency of RFMF tuned in resonance the
adder on pure numerical works coorectly
(probability equal to unity) during four m-pulses.

For superposition states we analyzed dependence
of fidelity function [3] on distance between qubits
(spins). Interaction between nuclear spins is caused
by electrons exchange interaction of neighbouring
qubits and is a result of electrons wave functions
overlapping. Therefore the magnitude of spin
interaction depends on distance between nuclear
spins. Exchange interaction of well separate spins
can be written as [4]:

2
4J(r) = 1,6e— n'? exp(— 2n) )
€a,

(e2))

where nM=r/ay, r — spin distance, ¢ — dielectric
constant of the semiconductors, ag — semiconductor
Bohr radius.

From the analisys of fidelity function for single-
digit adder action on uniform and non-uniform
superposition states it is found maximal value of
parameter n=1,52 necessary for correct action of the
adder. Taking into account that Bohr radius for
phosphorous ions in silicon is 3 nm maximal spin
distance is 4,56 nm.

3. SUMMARY

Four-spin model of single-digit adder for solid
statet NMR quantum computer is proposed.
Correctness of adder’s operation is analyzed in
dependence of system parameters. It is found that on
pure numerical states the adder on Preres gates
works correctly in times of four m-pulses. From the
analysis of fidelity function optimal values of
exchange interactions and maximal distance between
qubits (=4,56 nm) necessary for correct adder’s
operation are obtained.
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ECTECTBEHHbIE PECYPCbI U UX AICNOJIb3OBAHUE ON1A
NOBbLIWEHUA KOHTPONEMNPUTOOAHOCTU LUPPOBbIX
KOMNOHEHTOB CUCTEM KPUTUYHECKOIO NPUMEHEHUA
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Pe3tome: Paccmompensvt mooenu, memoovl u cpedcmsd KaxK yeaegvle pecypcol 0/ peuleHus 3a0ad npoeKmuposanus u
OUASHOCMUPOBANUSL KOMNbIOMEPHBIX CUCMeEM U UX Komnowenmos. Omnpedensemcs Kpumepuili 6bl00pa yenesbix
Pecypcos, akmusupyiowux ecmecmeeHHbvle pecypcol, HanpasieHHble Ha NOGblUeHUe IPPOEeKMUSHOCMU peulenus 3a0al.
Paccmompena npobnema HU3KOU KOHMPORENPUSOOHOCMU — YUDPOBLIX KOMHOHEHMO8 CUCHEM  KPUMUYECKO2o
npuMeHeHus, U NOKA3AHbL NYyMu ee peuieHusi npu evlOope Yenesvlix pecypco8 8 COOMEEHICMEUU C NPEeONONCEHHbIM
Kpumepuem. Onucan nymv YCMpAHeHUs NPOMUBOPEHUSI MeNCOY YEAeGbIMU PEeCypPCamu, HANPAGICHHbIMU HA
obecneuerue KOHMPOLENPU2OOHOCMU, NPOUIBOOUMETLHOCU U MANOU CIOHCHOCTNU YUPDPOBLIX KOMNOHEHmMO8. Dmom
NYmMb OCHOBbIBACCA HA PACNAPATIETUBAHUY BbIYUCTEHULL C UCHOTb308AHUEM NOCIe008aMENbHBIX KOOOS.

KuawueBble cioBa: Ecmecmesennvle pecypcel, cucmemsvl KpumuiecKkoco npumeHenus, Lﬂtd)pOGble KOMNOHEHMbL,
KOHmpwzenpueodHocmb, pacnapajiiejiusarue BbIUUCACHULL 8 NOCAC008AMENbHBIX KOOUX.

NATURAL RESOURCES AND THEIR USE FOR CHECKABILITY
INCREASING THE DIGITAL COMPONENTS OF SAFETY-CRITICAL
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Abstract: The models, methods and means as target resources for solving tasks for design and testing of computer
systems and their components are considered. A criterion for choosing the target resources activating the natural
resources for the increasing the efficiency of task solutions is determined. A problem of low checkability of digital
components of safety-critical systems is examined and the ways of its solution is showed by choosing the target
resources in accordance with the offered criterion. The way of elimination of a contradiction between the target
resources aimed to maintain the checkability, productivity and low complexity of digital components is described. This
way is based on parallelization of computations with the use of the serial codes.

Keywords: Natural resources, safety-critical systems, digital components, checkability, paralleling the calculations in
serial codes.

BBEOEHUE BBIUMCIICHUH, HEOOXOJUMO 3aTPaTUTh HEKOTOPHIC
pECYpCHI, TIOTYUYUBIITNE Ha3BaHUE IEIEeBRIX [1].
Henessie pecypcer (LIP) — »TO mpuBiekacmbie
JUTSL pEIICHUs 3214l MOJEITH, METOBI U CPEJICTBA B
caMOM IIMHPOKOM X TOHUMaHUH. MoAeI U METOIbI

Jns pelieHus onpeiesieHHOM 3a7a4u, HallpuMep,
MPOCKTUPOBAHUS, JUATHOCTUKU WM BBIMOTHEHUS
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OTHOCATCA K MH(GOPMALMOHHON YacTH PECypcoB, a
cpeAcTBa — K TeXHojJorudeckol. Mopgenu — 3To
Halll TpeAcTaBileHus. Meroasl —  omuMcaHus
HEKOTOPBIX  TPeoOpa3oBaHMi. CpenctBa  —
BOIUIOIIEHHE METOa, BKIIOYas HCIIONb3YEeMbIH s
3TOr0 HHCTPYMEHT. 3agaud, kak u I[P moxHO
pa3fenuTh Ha JBE TPYINIbI: CUHTE3a U aHAIN3a, T.C.
COOTBETCTBEHHO CO3/aHMsI 4ero-mudo H OLECHKH
nonyyeHHoro pemenusi. Kpome I[P B pemenun

3aJ]adyd  MOTYT HCIIOJB30BaThbCSl  €CTECTBEHHBIE
pecypcel  (EP). Illmpoko wu3BecTHBI JBa UX
IIPEICTAaBUTENS: €CTeCTBEHHAas HH(GOPMAaLMOHHAs
n30obitounoctb  (EMMM) [2] w  ecTecTBeHHas

CTpYKTypHO-BpeMeHHas: u30biTouHocts (EBU) [3],
UCTIOJb3yEeMble B JHUAarHOCTHKE, T.€. MPU PEIICHUHU
3agay aHanuza. EctecTBeHHas wWH(pOpMaLUMOHHAS
N30BITOYHOCTD IIPOSIBJIAETCS B BUAE 3aIIPELICHHBIX
3HAUEHUH KoJa pe3ysibTaTa, HampuMep, JBOMYHOIO
KOJia TIOJIHOT'O MIPOH3BEICHHUS.

IIpn yMHOXEHHH [BYXpa3psIHBIX JIBOMYHBIX
YyHCeN BBIUUCIAETCA 4-Xpa3psiHOe NpPOU3BEICHUE,
npuHumaroiee 3Hauenud 0, 1, 2, 3, 4, 6 u 9, T.e.
ToNbKO 7 3HaueHMH. OctanbHble 9 3HaueHud 4-
PpaspsagHOTO JBOUYHOTO Koza SIBIISIFOTCSA
3anpenieHHbIMU U cocTaBisaioT EMU. EcrecTBeHHas
BpeMEHHass HW30BITOYHOCTE MOXKET MPOSBIATHCS,
HaIrpuMmep, B N30BITKEe BpEeMEHH TIpH (hOPMHUPOBAHUHT
YOPaBISIOMIKUX CJIOB JJIsl MHEPIMOHHOTO 00BeKTa
ynpasineHnus. M3yuenue EP sBnsercs ocHoBoOM st
ux 3(QeKkTUBHOrO MCHOIB30BaHMSI, HAIIPABICHHOTO
Ha ynpomeHue I[P u moBBIIEHME KadecTBa
peleHus 3aaad.

Baxnoii obnacteio mpuinoxenus EP saBnsiorcs
nH(popManmoHHeie yrpasisitone cucreMbl (MY C)
KPUTUYECKOTO  NPUMEHEHMSA,  OOCIy>KHBAIOLIUE
00BEKTHl TOBBHIIIEHHOTO PHUCKA B HSHEPreTHKE, Ha
TpPaHCTIIOPTE, B 00OPOHHOW M KOCMHUYECKOW OTpaciu
[4]. Takue cucTeMbl MPOEKTUPYIOTCA UId paboTHl B
IBYX peXHMax: IITATHOM M KpuTHyeckoM. [Ipuuem
OCHOBHOE BpeMs OHU IIPOBOAST B IITATHOM PEXUME,
XOT$ CO3JIAI0TCS Pajil KPUTHUECKOTO PeXUMA.

OcHoBHEIM TpeOoBanneM Kk MYC kpuTmueckoro
IPUMEHEHUS SIBIISIETCS o0ecrieueHme ux
(YHKUNOHAIBHON 0€30MacCHOCTH, YTO TPAAULIMOHHO
pemaeTcss ¢ MCIOJIb30BAHUEM OTKa30yCTONYMBBIX
CcTpyKTyp [5]. A7 OJHOPEKUMHBIX KOMMEPYECKHX
CHCTEM 3TOTO IOCTaTOYHO.

B 0TKa30yCTOMYMBBIX PEIICHUSAX IBYXPEKUMHBIX
nyc COXpaHseTCs npobsieMa HU3KOU
KOHTPOJIEIIPUTOAHOCTH IIU(POBBIX KOMIIOHEHTOB.

B nanHOl craThe aHANMM3UPYIOTCS BOMIPOCHI
OTIpeleNeHNs, BBISBJICHHS W HcCHoONb30BaHus EP
(pazmen 1), moueMy  KOHTPOJEIPUTOJHOCTH
SIBIISIETCSL MPOOJIEeMOid Il HU(PPOBBIX KOMIIOHEHTOB
NYC xputndeckoro mnpuMeHeHUs (pasmen 2) u
npeiaratorcss EP g moBwiieHus TpoOaeMHOMN
KOHTPOJICTIPUTOTHOCTH (pazzern 3).

1. YTO TAKOE ECTECTBEHHbIU
PECYPC?

Ha npumepe EMU u EBU MOXHO HOSCHUTH
€CTECTBEHHOCTb pecypca TeM, YTO OH OBLIT MOJTydeH
B IIpollecce pELIeHMs 3aJaud CHHTe3a Kak
MOOOYHBIA TPOAYKT U MOXKET OBITh HCIIONH30BaH B
pelIeHu: 3aa4di aHajan3a Kak ocoOeHHocTh [P B
BHJIC IOJIapKa, T.€. UMEET JapOBOM XapakTep.

Ompenencaue EP kak ocobennoctu I[P tpebyer
YTOUHEHHUS ECTECTBEHHOCTH B paMKax peLICHUs
TOJIBKO 3a/layd CHHTEe3a WM aHanu3a. llomyuaercs,
yto EP, Hampumep, NpOeKTUPOBaHUS BO3HUKAET B
pe3yabTaTe HEAOMBICIHS, TP KOTOPOM H3HAYaAJIbHO
B TMPOEKTE peIIeHus 3aJadd Oblia yIyIIeHa
ocobennocts IIP, mome3Has g TONydYeHHS
pe3yibTaTa.

Cnenyer OTMETHTh, 4YTO [I€JIeHHME 3ajad Ha
CHHTE3 U aHaIW3 pruoOpeTaeT Bce OoJiee pa3MBITHIN
M ycioBHBIM  xapakrep. OIeHKa  perieHus
CTAaHOBUTCSI ~ HEOTHEMJIEMOM  YacThlO  CaMoro
pemieHus, T.e. €ro pesyipTata. JluarHoctuka
Mpoluia NOyTh OT BBIHOCHOM K BCTPOEHHOM,
OINEPaTUBHOMU, MOCTOSIHHO JE€HCTBYIOLIEH.

[leneHne Ha CHHTE3 W aHaIW3 ABIAETCA
CIIECTBUEM CTPYKTYpPHOIO MOAXxoAa (MeTona), BHE
KOTOPOI'0 HEBO3MOXHO PEIIATh CIOKHBIE 334a4U.

K PECIICHUIO 3aJa4u MMPEABABIIAIOTCA
TpeOOBaHMS:

— JIOCTHKEHUS HE0OX0TMMO CTENEeHU
aJIcKBaTHOCTH pe3yJbTaTa 10 OTHOUICHUIO K

JIEHCTBUTEIHHOCTH, T.€. JOCTOBEPHOCTH PE3yJIbTaTa;
— TMOJlyYeHHUs pe3yibTara B CPOK, oOecrieunBas
JUTSL 3TOTO HEOOXOAMMYIO TIPOU3BOIUTEIBHOCT;

— BIIACBHIBAHHA pelIeHns B pamMKu
npenocrasisieMblx LP.
Beimonnenne 3THX  TpeOoBaHMM  pa3OuBaeT

eIMHYIO0 33a[]a9y He TOJIbKO Ha CHHTE3 W aHaJIN3, HO K
TOMY € Ha 3HAUUTEIHFHOE MHOXKECTBO I0J13a/1a4 CO
CBOMIMH IIEJEBHIMH (YHKIMSIMA W BBLIEISEMBIMU
st ux obecneuenmst I[P, a Takke ceTeBBIM
rpadukomM OUYEpEeHOCTH  pEIICHUSI. Torna
ocobennoctr 1IP, MCIONB30BaHHBIX IS PEIICHHS
MPEIIIeCTBYIONIMX Toa3af1ad cTaHoBarcs EP ams
pelIeHus CIeAyoX noa3aaay.

Hampuwmep, 0COOEHHOCTH obecrieueHus
OTKa30yCTOWYHBOCTH CXEMOTEXHHUYECKOTO PEIICHUS
MOTYT OBITh HCIONB30BaHBI JJISl TOBBIMICHHUS €0
KOHTPOJEIPUTOTHOCTH.

N 3agaun, u P ang ux pemeHus moiyyaror
pa3BUTHE U KaK CHCTEMa »JIIEMEHTOB (B YaCTH
OpraHM3alnv), U KaK 3JEeMEHT CHUCTeMHI (B YacTh
(OYHKITMOHUPOBAHUS — B3aUMOJICHCTBHUS 3JICMCHTOR).

[Ipesxxne Bcero, OHU SABIAIOTCS DJIEMEHTAMHU
Takol cHCTeMBI Kak Haml Mup W pa3BUBAIOTCS B

COOTBETCTBMM C €ro  peaqusiMh, T.€. €ro
0COOEHHOCTSIMH, HHBIMUA CJI0BaMu — EP
OpraHu3alui.
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[IpumeuaTensHO, 9TO OCOOCHHOCTH MO3HAETCS B
cpaBHeHuH. [loaTOMY HaM JOCTYITHO aHATTU3UPOBATh
0coOEHHOCTH OpraHu3auu Mupa, u3ydas pa3BUTHE
€ro 2JIEMEHTOB, CPABHUBAS MX HA PA3INYHBIX dTalax
pasButus. Cpenu takux EP Mupa Beigensercs ero
napajuielIn3M W NpHOMIKEHHOCTh. B dacTHOCTH
MOKHO MIPOCIIETUTD STanbl pa3BUTHUSA
KOMITBIOTEPHBIX CHCTEM M UX KOMIIOHEHTOB IO MyTH
MOBBIIIICHUST YPOBHS CXEMHOTO ¥ CHCTEMHOTO
napamienu3mMa [6], a TakKe pocTa 3HAYUMOCTH
00pabOTKY MPUOINIKEHHBIX JAHHBIX, BBHITIOTHIEMOH,
Kak IpaBmwiIo, B hopMaTax ¢ IIaBaroIiel TOukou [7].

Bospacraromuii  ypoBeHs napaimnenusma I[P
pacimmpsieT Kpyr pelaeMbIX 3ajad B HalpaBiICHHUU
pocTa MX Pa3MEpPHOCTH, KOTJa TOYHBIC MOJIENIU M
METO/IbI TEPSIIOT 3P PEKTUBHOCTH u
COBEPIICHCTBYIOTCS B TPHOJIMKEHHBIE, T.e. Ooee
a/IeKBaTHBIE MPUOIMKeHHOMY Mupy.

[lokazaTenbHBIM ~ SBISIETCS  paclpoCTpaHEHUE
MeTOJla 3aroTOBKH pPE3yJbTaTOB, IOBBHIIIAIONIETO
3¢ PEKTUBHOCTH C POCTOM YPOBHSI Hapajulein3Ma B
peraeMbIx 3anadax [1].

[lpumepom MOXET CIYKUTb COBpPEMEHHOE
MPOEKTUPOBaHUE [HU(POBBIX KOMIOHEHTOB Ha
FPGA, xorma MHKpocxeMa MpeACTaBisieT coOou
3aroTOBKY MOJ MHOECTBO NPOEKTOB, a MPOEKT —
3aroToBKy pe3ynbratoB Ha LUT (T.e. B Tabimmax,
3alIUTBIX B y3J1aX MaMSTH) JUISE MHOXKECTBA BXOTHBIX
JTAaHHBIX.

Bce mporpammHOoe obecriedeHne OCHOBBIBAETCS
Ha  3arOTOBJICHHBIX  BETBSIX  AITOPUTMOB |
MTOCTOSTHHOM 170'¢ BEIOODE, 3arOTOBJIEHHBIX
HOJNPOrpaMMax U IPOTPAMMHBIX MOJIYJISIX.

B uudpoBoii cxeMoTeXHHKE METOIl 3arOTOBKH
Pe3yJIbTaTOB IMO3BOJISIET OJHOBPEMEHHO CHIKATh U
BpeMsl BBIUYUCICHHUH, M CIOXKHOCTh PEHICHUS. DTOT
3dexT ycmnmmBaeTcs C TOBBIICHHEM YPOBHS
napayiesnusma LP.

Hampumep, oOpamenne Kk OuTy maMatu
IpeAnoNaraeT — JAemudpanuio  ero  ajupeca,
CIIO)KHOCTb ~KOTOPOTO, MOXXET OBITh OIleHEeHa
KOJIMYECTBOM  BBIXONOB  nemmdpatopa. s

paspsaHocTH anpeca 10 crmokHOCTH AemudpaTopa
COCTAaBJISIET 210, T.€. 1024 BRIXOAA.

B Mukpocxemax mamsiTd ¢ apxuTektypout 2,5 D
ajZipec maMsTH pa3duBaeTcs Ha JBe 4acTH [8].

[Ipn nemmdppannu mnepBoil yacTu, HampUMep,
TIOJIOBUHEI a/Ipeca, 3arOTaBIMBACTCSI MHOXKECTBO U3
2° pesynbTaToOB, M3 KOTOPHIX IIPH JeMH(ppPaIH
BTOPOW TIOJIOBUHEI ajipeca BBIOMPACTCS OIUH OWT.
CIIOXKHOCTh TAaKOTO PEIICHHs CKIajbiBaeTcss u3 2°
BBIXOJIOB JBYX JCHIN(PPATOPOB H TaKOH Ke IO
CJIO)KHOCTH CXEMBI BbIOOpa OHTa, YTO COCTaBisieT 96
BBIXO/IOB, T.c. Oomee vem B 10 pa3 mnpoie
memmdpanuu  Bcero aapeca. C  yBenTWUeHHEM
paspsimHOCTH anpeca no 16-tm u 20-TH peuieHue
yopomaetrcst Oomee uwem B 85 u 340 pas,
COOTBETCTBEHHO. OIHOBPEMEHHO pAacTeT YHCIIO

pa3psaoB BTOPOM MOJIOBUHBI ajpeca, MO KOTOPBIM
MHOTOKPATHO CHUYKAETCS BPeMs BIUYHCIIEHUHN.

Kak MpaBuio, BpeMs BBIYMCIICHHUMI
MPOTUBOIIOCTABIIAECTCS  CIOKHOCTH  alllapaTHOIro
pelieHus: AN TOBBIMICHHUS  OBICTPOACHCTBHS
YBEIMYMBAIOT 3aTpaThl 00OpYAOBaHUS, MpHYEM
KKI0C CIEAYIOIIECE IOBHIICHHE OBICTPOICHCTBHSI
obxomutca gopoxke. B paccmorpeHHOM mpuMmepe,
YIPOLIEHUE PEIICHUs COIMYTCTBYET MOBBIICHUIO
OBICTPONIEHCTBUSA, UYTO TPOSBIACTCI C POCTOM
CXEMHOT0 Mapaiean3Ma.

PazButue 1{P nporcxoauT ux cTpyKTypUpOBaHUEM
MOJ OJIHU U Te e peanuu Mupa, T.e. ero EP. Uner
mporecc commkenus [P, wux wuHTErpamum u
B3aMMHOTO yCUJIEHUA. B KOHEYHOM cuere, B 3TOM
COCTOSIT UX 0COOECHHOCTH, cocTaBisroliue EP.

Hanpuwmep, JUISt JIOCTHUKEHUS BBICOKOM
MPOU3BOAUTEIFHOCTH KOMIBIOTEPHBIX CHCTEM U UX
KOMIIOHEHTOB HapanuBaeTcs MHOKECTBO
OIICpalfMOHHBIX 3JICMCHTOB, u Ppa3BHUBAIOTCA

¢yHkuun BeIOOpa pesynbratoB. Te ke LIP u B Tom
K€  HalpaBIICHUM  COBEPIICHCTBYIOTCA IS
MOCTPOEHUS OTKa30yCTONMUUBBIX CTPYKTYP.

Takum oOpaszom, mns mposiBienuss EP cremyer
BbIOMpaTh [IP B HampaBiieHMH WX E€CTECTBEHHOTO
pa3BuTHus B 3ToM Mupe.

OCHOBHOI1 BBIBOJ] COCTOUT B TOM, YTO KPUTEPHEM
BbIOOpa [P ans pemenus moazamad SIBISETCS HMX
HENPOTUBOPEUNBOCTh. COXpaHEHUE MPOTHUBOPEUUN
CBHUJICTEIBCTBYET O  HEJOCTaTOYHOM  YPOBHE
pasButus LIP nnm ynmymenusx B ux nogbope.

Becs Bompoc 3axitodaercsi B TOM, YTOOBI IJIBITH
[I0 TEYECHUIO MHMPOBOTO pa3BUTHUSA, IOJydas B Jap
EP, wnn nmpotuB TeueHus, yxyQmias pe3ysibTaT ¢
MPUBJICUYECHUEM JOTIOTHUTENbHbIX [[P.

[Mapannenusm U NpuOINKEHHOCTb, KOHEYHO, HE
sBJsAOTCS  enuHCTBeHHbIMM EP  Mupa. MoxkHo
OKUJaTh, YTO NOAOOHO TOMY, Kak Hapajuiein3M
MPOSIBIISET MPHUOIMKEHHOCTh, 00€ OCOOCHHOCTH Ha

ONpENeNICHHbIX 3Talmax WX pasBUTUA  OynyT
CHOCOOCTBOBATh MPOSIBIICHUIO U aKTyalHu3aluu
npyrux EP Mupa.

K Ttakum nHamboiiee 3aMETHBIM OCOOCHHOCTSIM
Mupa MOXHO OTHECTH €T0 JUHAMHYHOCTB, KOTOpas
MIPOSIBIISIETCA B yCKOPEHHUH MTPOIIECCOB PA3BUTHSL.

B »3THx ycrnoBUsSX pacTeT  aKTyaJlbHOCTb
MPOOJIEMBI CKPBITBIX TPOIECCOB M OTPaHUYCHHBIX
BO3MOXHOCTEH  HUX  KOHTPOJS,  CHIDKAIOIIUX
JIOCTOBEPHOCTb MOITYYaEMBIX PE3yJIbTATOB.

2. KOHTPOJNEMNPUITOAHOCTb
LNPPOBbLIX KOMIMOHEHTOB

B UYC kputuyeckoro mpUMEHEHHs, KOTOpPHIE
3aHUMAIOT II€PEOBble MO3MLUM B  Pa3BUTHH
KOMIBIOTEPHBIX M WH(GOPMAIIMOHHBIX TEXHOJIOTHH,
npobiemMa CKPBITBIX MPOLECCOB HAXOIUT OTPaKeHHE
B KOHTPOJICHPUTOIHOCTH LU(PPOBBIX KOMIIOHEHTOB.
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Ilon KOHTPOJIETIPUTOHOCTHIO HOHUMAIOT
CBOICTBO yCTpOiicTBa, o0ycnaBnuBaroliee
MPUCHIOCOOJIEHHOCTh K HPOBEACHUIO KOHTPOJS €ro
TEXHHYECKOT'O COCTOSHUS B MIPOLIECCE M3TOTOBJICHUS
U DKCIUTyatanuu [9].

TexHuyeckoe cocTossHUE HUPPOBBIX YCTPOIHCTB
OLICHUBAETCSI C UCTIOIb30BAaHUEM METOJIOB U CPEICTB
TECTOBOT'O JMarHOCTUPOBAHHUA. ITosTomy
KOHTPOJIEIPUTOJHOCTh TPAJUIIMOHHO OTHOCHUTCS K
3TOH obuacTy, rue Ha3bIBACTCAd  TAKXKe
TECTONPHUTOTHOCTHIO u OLIEHUBAETCSI 1o
YIpaBIIsieMOCTH U Ha0ogaeMocTH ycrpoiictsa [10].

B pabodeM anarHOCTUPOBAaHWH, HaNpaBICHHOM
Ha OLICHKY JI0CTOBEPHOCTH PE3yJIbTaTa BEIYUCICHUH,
podieMa OrpaHUuYeHHON KOHTPOJICIIPUTOJHOCTH 10
CHX TOp NPOSIBUJIACH JMIIL B TEOPUU U TIPAKTHKE
MIOCTPOCHUS IOJTHOCTBHIO CaMONPOBEPsIEMBIX cxeM. B
paMKax OSTOH TeopuH OBUIO BBEAECHO YCJIOBHUE
CaMOTECTHPYEMOCTHU U POBBIX CXeM,
MIPOTUBOJICHCTBYIOIEE HAKOIUIEHNIO B HUX CKPBITHIX
HEWCIIPaBHOCTEH B yacTH KOHTPOs [11].

B nyc KPUTUYECKOIO [IPUMEHECHUS
BO3MO>KHOCTH pabouero JUarHOCTUPOBAHUS
CYLIECTBEHHO OTPAaHMUYCHBI KOHTPOJICIIPUTOAHOCTHIO
IUGPOBBIX  KOMIIOHEGHTOB B JOCTYIHOM UL
MOCTOSTHHOTO aHaJIN3a IITaTHOM PEKUMe.

Kax  npaBuno, wratHeidi pexum UYC
XapaxkTepusyeTcs BBICOKOH CTa0MIIBHOCTBIO
MOCTYMAIOMUX OT JaT4YUKOB CHUTHAJOB, KOTOpBIE
mocie  OUU(POBBHIBAHMS  JNAIOT  OTPaHHUUCHHOE
MHOXECTBO JABOMYHBIX KOIOB. OHH SBISIOTCA
BXOJIHBIMU CJIOBaMH IU(PPOoBBIX KoMIToHeHTOB Y C,
HanboJiee 4yacTo — KOMIIApaToOpoOB, CPaBHUBAIOIUX
HUX C TOPOTOBBIMH 3HAYCHHSMH, O003HAYAIOIIUMH
pa3in4Hble YPOBHHU OMACHOCTH.

B kagectBe mnm¢poBsix KommoHneHToB UYC
KPUTUYECKOTO  IMPHUMEHEHHUs, Kak  IPaBuUio,
UCTIOJIB3YIOTCS OJHOTAaKTHBIE YCTPOICTBA,
o0ecreunBaroie BBICOKYIO TPOU3BOAUTEIHLHOCTD,
00pabaTpiBasi YMCIOBBIC JAaHHBIE B MapaielIbHBIX
KOZaX.

OrpaHn4eHHOE KOJMYECTBO BXOJIHBIX CJIOB B
LIITaTHOM  peXuMe  oOyCHaBIMBAE€T  HU3KYIO
KOHTPOJICTIPUTOAHOCT  OJAHOTAKTHBIX YCTPOWCTB,
YTO YpPEBaTO HAKOIUIEHHEM B HUX CXEMaxX CKPBITBIX
HEHUCIIPaBHOCTEH, MPOSIBISIONIUXCA B KPUTHYECKOM
pexume Y C.

3. OLEHKA N NOBbILUEHUE
KOHTPOJNEMNPUTOOHOCTHU

KonTtponenpurogHocts HUPPOBBIX KOMIOHEHTOB
B TECTOBOM U pabOuYeM JUarHOCTUPOBAHUH CITY)KUT
Pa3HBIM LEJSAM, W TOTOMY JIOJKHA OICHHBATHCS C
pa3HBIX MO3UIMK. B TECTOBOM JMarHOCTUPOBaHUU
KOHTPOJICTIPUTOAHOCTh  OLICHUBAETCSI C  IICJIBIO
OTIpe/ieTICHHsT BO3MOXHOCTH TIOIYYSHHUS TECTOBOH

BXOJHOH ITOCIIEOBATEIBHOCTH, BEIYHCIISS B KOKION
TOYKE CXEMbI MPOU3BEJCHHE €€ YIPaBIsIEMOCTH Ha
HaOmogaeMoCTh. B paboueM IUArHOCTHPOBAHUHU
KOHTPOIICIIPUTOJHOCTh Ba)KHA C TIO3WIUU y4YeTa
MOTEHI[UAIILHOM yIPO3bl CO CTOPOHBI CKPBITHIX
HeucnpaBHocTed. [Ipu 3TOM ympaBiseMOCTh TOYKH
Ha pa0o4ynMxX BXOJHBIX  IIOCIIEAOBATEIHHOCTSIX
yTpaduBaeT cBOE 3Ha4YCHHE, "
KOHTPOJICIIPUTOTHOCTh  MOJIHOCTBIO  OIPEIENISICTCS
TOJIKO HaOJF0aeMOCTBIO TOUYEK CXEMBI.

Bmecte ¢ Tem, moHATHE HaOMIOAAEMOCTH
LIENIECOO00Pa3HO PACIIMPUTH C YYE€TOM BO3MOXKHOCTH
YaCTHYHOTO UCKITFOUCHUS CKPBITHIX HEHCIIPABHOCTEH.

Onpeoenenue 1. Touka cXeMbl Ha3bIBaeTCA
yacTHYHO HaOmonmaemoi: 0-Habmromaemoit wmm 1-
HAOJI0JaeMOH, €CIM HAa MHOYKECTBE BXOIHBIX CJIOB
aKTUBUPYETCS MyTh OT 3TOW TOYKH TOJBKO IPH ee
3HaueHuu «0» wim «1», coorBeTcTBeHHO. ECciu nyTh
aKTUBUPYETCS TPU BCEX €€ 3HAYCHUAX, TO TOYKa
Ha3bIBaeTCs HaOIIOAaeMOl, a B MMPOTUBHOM CIIy4ae
HeHaOmomaeMoi. [1yTh akTHBHpYETCS TP Tiepenade
W3MEHEHHS 3HAYCHUS TOYKHU B KOHTPOJIBHYIO TOUKY
CXEMBI, IMOJKIIOYaeMyI0 K CXeMaM KOHTPOJs
U POBOTO KOMITOHEHTA.

Onpedenenue 2. Touka CXeMbl Ha3bIBACTCS
KOHTPOJICTIPUTOTHON Win YaCTHYHO
KOHTPOJICTIPUTOTHOM, €CITH SIBJISAETCS COOTBETCTBEHHO
HaOMOJIaeMO  WJIM  YacTUYHO HaOIromaeMoi, u
HEKOHTPOJICHIPUTOJIHOM B TPOTUBHOM CITydae.

KonTponenpuromHocts MUPpPOBOT0 KOMITOHEHTA
MOXKET OBITH OIIEHEHA TI0 CIeayomei dhopmye:

C=(Nc+0,5Np)/ Ny,

rae N¢, Np 1 Ny — KOJIMY€CTBO KOHTPOJIEPUTOJIHBIX,
YaCTUYHO KOHTPOJEHPUTOAHBIX U BCEX TOUYEK
CXEMBbl, COOTBETCTBEHHO.

B nyc KPUTHYECKOIO IIPUMEHECHUS
KOHTPOJICIIPUTOTHOCTh  IIU(POBBIX  KOMIIOHEHTOB
HEoOXOANMMO 00eCrevrnBaTh B KOMILIEKCE C PAIOM
JIPYTUX TPEOOBAHMIA.

Cpenn HuX HambojJee YacTO BBIACISIOTCS
TpeOOBaHMsI, OTHOCSAIINECS K MPOU3BOAUTEIHHOCTH,
OTKa30yCTOMYMBOCTH U CJOXKHOCTH perieHud. Jis
3¢ PEKTUBHOTO PEIICHHS 013324 TI0 BHIOJIHEHHIO
3THX TpeOoBaHmii obecrieunBatomume ux I[P ciexyer
BEIOWpATh HEMPOTUBOPEUYHUBBIMH. B
pacnpocTpaHEHHBIX peLIeHUIX obecrnieueHme
KOHTPOJCIPUTOAHOCTH BXOJIUT B MPOTHUBOPEUHE C
BBICOKOM MPOU3BOAUTENIBHOCTBIO, JOCTUTAaeMOM C
HCIIOJIb30BAHUEM OJJHOTAKTHBIX YCTPOUCTB.

IIpocTpaHCTBEHHBII MaTpPUYHBINA MapauIeIu3M,
JeXaluid B OCHOBE CTPYKTYP OJHOTAKTHBIX
YCTPOMCTB, C OJHOW CTOPOHBI, OOECHeYMBaeT WX
MPOU3BOAUTEIHHOCTh MyTeM O0OpabOTKM NAaHHBIX B
MapajyieNbHBIX KOJaX, a C JPYroil CTOPOHHI,
OTPAaHMYMBAET  HCIONB30BAHUE TOYEK  CXEMBI
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KOJIMYECTBOM BXOJHBIX CJIOB. Jost nycC
KPUTHYECKOTO TIPUMEHEHHS TaKOe OTpPaHUUCHHE
CHIDKAET KOHTPOJICIIPUTOAHOCTh UG POBBIX
KOMITOHEHTOB B IIITATHOM PEXHUME.

st ycTpaHeHHWs ~ JaHHOTO  MPOTHBOPEHUHS
HEOOXOJMMO COBMECTHTh Mapajlieu3M CTPYKTYP
OU(pPOBBIX  KOMIIOHEHTOB, HEOOXOIWUMBIA IS

o0eCrieueHUs] BBICOKOH IMPOU3BOIUTEIBLHOCTH, C
MHOFOpaSOBBIM HUCIIOJIB30BAHUEM TOYCK CXCEMBbI IJIs1
KaXXIOro BXOZHOTO cJIoBa. VHBEIMH  CIIOBaMH,
00paboTKa BXOIHOTO CIIOBA JTOJDKHA BBITOHITHCS B
TEUEHWE MHOTMX TAaKTOB, T.€. IIOCIENOBATEILHO
paspsn 3a paspsjom. CrenoBarennpHo,
pacmapanyieMiBaHUe BBIYUCICHHA W CTPYKTYP
1M (POBBIX KOMIIOHEHTOB HEOOXOAMMO BBIMOJIHATH C
00pabOTKOW JaHHBIX HE B NapaUieibHBIX, a
IOCIEN0BATEIBHEIX KOJAX.

Takue pemeHns HapabOTaHbl B paMKax
BEpTUKAIBHOW 00paboTKH MaHHBIX [1].
O6pabotka apajuIeIbHOr0 Koz

[TOCTIEIOBATENFHO Pa3psif 3a pa3psiioM yBETUIHBACT
KOJIMYECTBO TAKTOB BBINIOJHEHHS OIEpalud B
COOTBETCTBHH C Pa3psAHOCTHIO KOJIA.

Bmecre ¢ Tem, B TOH e Mepe CHHXKaeTcs
MIPOJOJDKATENNBHOCTh  TaKTa, HYTO CIIOCOOCTBYET
COXPAaHEHUIO TPOU3BOJUTEIILHOCTA MPH MEPEX0JIe
0T 00pabOTKH MapasIeNbHBIX KOJIOB 32 OJIUH TaKT K
MHOTOTaKTHBIM BBIYHCIICHUSM B ITOCIIEA0BATEIBHBIX
KOZax.

B03MOXHBI Takke KOMIIPOMHUCCHBIC PEIICHUS C
MOCIIEI0BATENbHO-TIAPAIUIETbHON opraHm3anuen
BhiunciieHuii. OHa mpeaycMaTpuBacT pa3OUBKY
YHUCIIOBOTO JIAaHHOTO HA 4YacTH, 0OpabaThIBaeMbIC
MTOCIIEIOBATENFHO JAPYT 3a JIPYTOM U TapajuieIbHO
10 WX pa3psiaaM.

Hns 00paboTku napajuIeIbHbBIX KOJIOB
HapabOTaHBl MHOTOYHCIICHHBIE METOJBI YCKOPEHUS
BBIYHCIICHUH, HampuMep, pacmipocTpaHeHus
MEepPeHoca B CyMMAaTopax, KOTOPBIC JOMOJIHUTEIHHO
MOBBIIIAIOT  MPOU3BOJAUTEIBHOCTh  OJTHOTAKTHBIX
YCTPOMCTB.

Bwmecrte ¢ Tem, METOJIbI YCKOPEHUSI BBIUUCIIEHUH,
BKJIFOYash METOJ 3arOTOBKU pE3yJIbTaTOB, MOTYT
OBITh HCITONIE30BaHBI U MPU 00padOTKE MAHHBIX B
MTOCTIEIOBATENFHBIX KOMIAX.

[TepcrieKTUBHBIMU SIBJISTFOTCS TaKKE
MapauUIebHO-TIOCICIOBATELHBIC  BBIYKCIICHHS, B
KOTOPBIX JaHHOE pa3leisercs Ha MapauieIbHo
oOpabaTeiBaeMble TIOTOKH pa3psioB, a TakKke
MHOTOIIOTOYHAsI o0OpaboTka JTAHHBIX B
MOCIIEIOBATENFHBIX  KOJMaX. B 3TUX pemieHHsx
MIPOM3BOAUTEIHHOCTh MOBBIIIAETCS B COOTBETCTBUHU
C KOJIMYECTBOM MOTOKOB.

ITepexon K o0paboTke JTAHHBIX B
[TOCTIEIOBATENIbHBIX ~ KOJaX  IO3BOJISIET — TaKke
yopoctuts I[P, koTopple B  OJHOTaKTHBIX
YCTPOMCTBAX  HWCHOJB3YIOTCS ~ HEPAIMOHAIBLHO.

Hanpumep, mMaTpuuHbld YMHOXXUTENb 7-pa3psIHBIX
IBOMYHBIX  KOAOB, cocTosmuid w3 n(n—1)
onepanuoHHBIX  dieMeHToB  (0O3),  BBINOIHSIET
YMHOXeHHE 3a 2n — 2 3aJepKeK, BHOCHMBIX 3THMHU
anementamu [12]. Takum obpazom, kaxaeni u3z 0D
3aJeliCTBOBaH B TakTe Ha (21 —2)-10 4YacTh €ro
MPOAOKUTENIEHOCTA. MaTpUYHBIN JeUTeNh YUCel
cocTouT 3 (1 + 1)* mOC/Ie[0BATEIBHO COCTHMHEHHBIX
03 [13], T.e. KaXABIi UX HUX HCIOIB3YETCS TOJBKO
Ha 100 / (n + 1)*%. Jlst n = 8 s10 cocraBisier 1%.

Bo3mo)kHOCTH MTOBBIIIIEHNST KOHTPOJIETIPUTOTHOCTH
IUPPOBBIX KOMIIOHEHTOB TpH 00paboTKe JaHHBIX B
MOCIIEIOBATEIBHBIX KOJIaX MOTYT OBITh OIICHEHBI Ha
npuMepe mu(pOBOro KoMmaparopa JJisi CpaBHEHUS
JBYX 16-TUpa3psiiHBIX ABOUYHBIX uucen A U B —
BXOJIHOTO JaHHOTO U MOPOra, COOTBETCTBEHHO.

Komnaparop BBMHCISET pe3ynbTaT CpaBHEHUS
F=0 npu A<B (mrarHeii pexuMm) u F=1 B
MIPOTUBHOM CiIy4ae (KPUTHUIECKHUH PEKUM).

udposoit komnaparop noctpoeH Ha FPGA B
AT BapuaHTax | — 5 ¢ HCIONb30BaHUEM OJHOTO,
IBYX, 4eThpex, BockMu U 16-tu  LUT,
00pabaThIBAIONIUX JaHHBIC COOTBETCTBEHHO 3a 16,
8, 4,2 u 1 rakToB.

Orenka  KOHTPOJICTIPUTOTHOCTH  IH(PPOBOTO
KOMITapaTopa BBHITIOJIHEHA B IITAaTHOM pPEXHME Ha
€ro MpOrpaMMHOIN MOJEINH C MONyYeHHEM CPEIHETO
3Ha4YeHHs Ha 33JJaHHOM MHO)XECTBE IKCIIEPUMEHTOB.

MHOXECTBO  IKCHEPUMEHTOB  (HOpMHUpPYETCS
nepebopoM 3HaUYeHUi nopora B (0T 3aJaHHOTO By
10 MAaKCHUMAaJIbHOI'O BMAX=216— 1). C xaxaeiM
3HaUCHHEM Iopora B BXogHoe maHHOe A oOpa3yeT
3aJlaHHOE€ KOJM4YECTBO N, CIOB, U3MEHASCH OT €ro
OaszoBoro 3HaueHus A c¢ marom 1. ba3osoe
3HaYeHHE OOHOBISIETCSA C KaKIBIM JKCIIEPUMEHTOM,
M3MCHSSICh C TOJHBIM TMEpedOpOM OT HAYaIhHOTO
3HaAUEeHUA Ay 10 3HaUeHusI B — Ny

B TaoI. 1 MPUBEICHBI pe3yJIbTaThl
MOJCITHUPOBAHNS B TMPOICHTAX, MOJYYCHHBIE IS
cxeMm 1 — 5 mpu Byyy =511, Apyy =10 u pazaudabx
3HAUEHUAX Ny.

Taonauna 1. KoHTpoJIenpuroaHocTs KoMmnaparopa

Na 1 2 3 4 5
1 100 85 69 44 26
5 100 85 84 56 34
10 100 85 84 64 38

20 100 100 92 68 42

30 100 100 92 72 42

40 100 100 92 72 42

50 100 100 92 76 46

100 100 100 94 80 48

200 100 100 94 84 53

300 100 100 95 84 57

400 100 100 95 84 57

500 100 100 95 88 59
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st cpaBHeHUs B TaOi. 2 TpHUBEICHBI 3HAYCHUS
KOHTPOJICTIPUTOTHOCTH, TOJydYeHHbIE 0e3 yuera
YAaCTUYHO KOHTPOJICIPUTOTHBIX TOUECK.

Ta6auua 2. KonTposienpurogHocTs KoMIaparopa
0e3 yyeTa YACTHYHO KOHTPOJIENPHIOIHBIX TOYEK

Na 1 2 3 4 5
1 100 71 46 12 0
5 100 85 61 28 6
10 100 85 76 36 10

20 100 100 84 44 14

30 100 100 84 48 16

40 100 100 84 48 16

50 100 100 84 52 20

100 100 100 84 60 22

200 100 100 92 68 26

300 100 100 92 72 30

400 100 100 93 72 30

500 100 100 93 72 32

CpaBHUTENBHBIA aHAN3 JaHHBIX, TPUBEICHHBIX
B Ta0JIHIaX, IOKa3bIBaE€T Ha pocT
KOHTPOJICTIPUTOTHOCTH C YBEIWYCHHEM KOJIMYECTBA
CIOB U C TIOHIDKCGHHEM HOMEpa CXEMBI, T.c.
MepexooM OT 00pabOTKH TMapaieNbHBIX KOJOB K
BBIYHMCJICHHUSAM B IIOCJIEA0BATENLHBIX KOIaX.

ITapannensHelii  KOMmapatop  (cxema  5)
JEMOHCTPUPYET HHU3KYI0 KOHTPOJICIIPUTOTHOCTh
JaXe TpH 3HAYUTEITFHOM KOJHMYECTBE BXOIHBIX
cioB. K ToMy k€ B OCHOBHOM OHa JOCTHUTAeTCs 3a
CYET YACTUYHO KOHTPOJICIPUTOIHBIX TOUECK.

CxemMbl 3 U 4 [OOCTUrarOT BBICOKUX 3HAUEHUN

KoHTpojenpuromHoctd  84% u  60%  mpu
WCIIONB30BaHUHM COOTBETCTBEHHO 20-TH W cra
BXOJHBIX cJ0oB. Kommaparop, BBIMTOJHSIONIUI

OTICpallii0 CpaBHEHHUA 3a 8 TakTOB (cxema 2),
nocturaer  100%  KOHTpPOJIEIPUTOJHOCTH  Ha
MHOeCTBE U3 20-TH BXOJHBIX CJIOB

Kontponenpurogaocts [0CJIEJ0BATENLHOTO
koMmmapatopa (cxema 1) coctaBmsier 100%, HaunHas
C OJTHOTO BXOJHOTI'O CJIOBA.

Takum  oOpasoM, 00paboTka JaHHBIX B
[IOCJIEOBAaTEeNbHBIX ~ KOJaX pemaer mnpolnemy
HU3KOM  KOHTPOJICHPUTOIHOCTH  COBPEMEHHBIX
nu(ppoBEIX  KOMIIOHEHTOB B coctae UYC
KPUTUYECKOTO  mpuMeHeHus. llpuuem  Takoe
pelieHne He MPOTHBOPEUUT JOCTHKEHHIO BBICOKOU
MIPOU3BOAUTEIBHOCTH.

4. BbIBO[bl

Baxnyto poJib B peleHnn 3a1aq
MPOEKTUPOBAHUS U JUArHOCTUKH KOMIIBIOTEPHBIX
CHCTEM W WX KOMIIOHEHTOB wurpaer BbiOop LIP,
00eCIeUnBaIONINX  IOJIyYeHUE  pPE3yJIbTaTOB  C
3aJlaHHBIMU TIeJIeBBIMU QyHKIUAMU. PazButne [P —
MOJeNield, METOJIOB M CPENICTB — JEMOHCTPUPYET HX

CTpYKTYpUpOBaHHE TMOA peamud Mwupa, cpenn
KOTOPBIX BBIJICTISIIOTCS napasuieIn3M u
npubmmkeHHocTh. Kpurepuem Boidoopa LIP sBisieTcs
UX HEMPOTHUBOPEUYNBOCTH MIPH PEIICHUH MOA3a4a4 110
obecrnieueHUI0 TpeOyeMbIX LeneBbX (yHKIui. [lpn
sToM BKIodaroTcss EP, T.e. ocobennoctu 1IP,
MposBIsAtOIIMEcs B uHTerpanuu LIP u nx B3aumMHOM
YCUJICHUH B HAIpPAaBICHUM OOECIICUEHUs IENeBBIX
¢byHKUMI mo3anay.

[TprMepoM MOXKET CIIy>KUTh pPeLIeHue MpoOIeMBbl
HU3KOH KOHTPOJICTPUTOJHOCTH IU(pPOBBIX
komnoHeHToB WYC KpUTHUYECKOTO TNPUMEHEHUS.
IIpoTuBOpeune Mexay KOHTPOJICIPUTOJHOCTBIO U
MPOU3BOAUTEIBHOCTBIO COBPEMEHHBIX YCTPOWCTB
CHUMAETCS MMyTEM paclapauleIUBaHNs BEIYACICHAN
B  TOCJIENOBAaTENbHBIX, a HE  TPAAULHNOHHO
UCIOIb3yEMBIX MapauIeIbHBIX KOAAX.
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yH-ma.
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Abstract: The models, methods and means as target resources for solving tasks for design and testing of computer
systems and their components are considered. A criterion for choosing the target resources activating the natural
resources for the increasing the efficiency of task solutions is determined. A problem of low checkability of digital
components of safety-critical systems is examined and the ways of its solution is showed by choosing the target
resources in accordance with the offered criterion. The way of elimination of a contradiction between the target
resources aimed to maintain the checkability, productivity and low complexity of digital components is described. This
way is based on parallelization of computations with the use of the serial codes.

Keywords: Natural resources, safety-critical systems, digital components, checkability, paralleling the calculations in

serial codes.

In order to solve a task (for example, in co-design
or testing) the target resources (TR): the models,
methods and means are used. The models and
methods are related to information part of TR and
the means belong to their technology one. The TR
can be applied in the tasks of synthesis and analysis
[1].

Except the natural resources (NR) can be used in
solution of a task. Two representatives of NR are
wide known: natural information redundancy and
natural structural-time redundancy [2, 3].

These kinds of natural redundancy are formed
during process of task solution as indirect product
and they can be used for solving a task of analysis as
particularities of TR in form of free present. The NR
are not limited to natural information and structural
time redundancy as they belong to diverse set of TR
particularities.

The task is solved taking into account the
requirements to productivity, reliability and limited
resources. Execution of these requirements divides
the task into large set of subtasks with their target
functions, the TR appropriated for maintaining the
target functions and schedule of execution priority.
Particularities of TR used for solving the previous
subtasks become NR to solve the following ones.

The tasks and TR for their solving receive

development as a system of elements and as an
element of system.

First of all they are the elements such system like
our Universe and are developed in accordance with
its particularities, i.e. its NR.

Among such NR the parallelism and proximity of
the Universe are allocated.

In particular we can retrace the stages of
development if the computer systems and their
digital components by the way of increasing the
parallelism level and progress in approximate data
processing executed as a rule in floating-point
format [4, 5].

Growing level of TR parallelism expands a set of
solved tasks in direction of raising their dimensions
when exact models and methods lose efficiency and
improve in approximate ones, i.e. more adequate to
approximate Universe.

We can consider this issue examining the process
of expansion of the preserved results method which
increases efficiency with raising the parallelism
level of solved tasks [1].

The modern co-design of the digital components
on FPGA can be considered as an example of this
method application. A chip is a blank for a set of
circuit projects, and every project is a blank of
results reserved on LUT for a set of input data.
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The software is based on reserved program
modules, branches of the algorithms and on
permanent process of their choice.

In digital component design the method of
preserved results allows simultaneously to reduce
time operation and hardware overhead.

Development of TR passes by their structuring
under the same particularities of Universe. This
process determines narrowing of the TR, integration
and mutual amplification. These particularities of
TR are NR of design and testing.

In order to activation of NR it is necessary to
choose the TR in direction of their natural
development in this Universe. The main issue
determines a criterion of TR choice for solving the
subtasks: these TR should be consistent.
Conservation of contradictions shows low level of
the TR development or overlook in their choice.

All content of this question is to drift with the
stream of Universe development receiving NR like
gift or up stream degrading the result with use of
additional TR.

The following particularity of Universe is its
dynamics which is demonstrated in acceleration of
development processes. In these conditions the
actuality of problem of the latent processes and
limited opportunities of their supervision reducing
reliability of received results.

In safety-critical Instrumentation & Control
Systems (I&CS) the problem of latent processes is
shown in checkability of the digital components [1].

The 1I&CS are designed for operation in two
modes: normal and emergency one. For most of
operating time, the safety-critical I&CS runs in the
normal mode. The emergency one, for which the
safety-critical I&CS is designed, is a rare event as a
rule and at best way never occur [6].

The main requirement to safety-critical 1&CS is
the ensuring and maintaining their functional safety
which is traditionally solved by use development of
the fault-tolerant structures [7].

However they do not guarantee calculation of
reliable results owing to low checkability of digital
components.

The checkability of a digital component in on-
line testing can be estimated by amount of circuit
points which are observable in a normal mode.

In safety-critical I&CS it is necessary to provide
the checkability of the digital components on the
limited set of input words in a normal mode in a
complex with other requirements such as
productivity, fault tolerance and low complexity.

In traditional solutions the maintaining of
checkability and low complexity contradicts the high
productivity achievable with use of simultaneous
digital components.

The contradictions between the checkability and

productivity, productivity and complexity are
eliminated by paralleling the calculations in series
codes.

Data processing in series codes
simplifies TR which in simultaneous
components are used irrationally.

For example, operational elements of a 8-bit
iterative array divider of codewords are used in
clock cycle only on 1% of time.

Opportunities of increase in checkability of digital
components using data processing in series codes are
appreciated by the example of the 16-bit digital
comparator for comparison of input number A with a
threshold B.

The comparator calculates result of comparison
F=0 for A<B (a normal mode) and F=1
otherwise (an emergency mode).

The digital comparator is constructed on FPGA
in five variants with use of one, two, four, eight and
sixteen LUT, processing the data accordingly for 16,
8,4, 2 and 1 clock cycles.

The estimation of the comparator checkability is
executed in a normal mode on program model with
reception of average value on set of values of
threshold B. For each of them operand A forms the
set of the input words located successively.

Simulation of digital comparator demonstrates
low checkability in case of parallel code processing
and 100% of checkability beginning of one input
word at execution of calculations in series codes.

multiple
digital
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Abstract:

This article is devoted to the development of hash constructions,

which are based on the

pseudonondeterministic hash conception. The conception allows to design hash functions with improved infeasibility to
cryptanalysis. Both proposed constructions and known ones are generalized as pseudonondeterministic constructions.
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1. INTRODUCTION

The requirement of the cryptographic algorithms
publicity is brought forward by the cryptographic
tools market. It is caused by the customer's desire of
being able to insure these tools efficiency before
they buy them. At once it is known that the private
cryptographic algorithm is more difficult to break
than the public one [1]. If algorithm infeasibility is
proven theoretically, then this publicity doesn't cause
problems, but algorithms of this type seldom gain
much popularity and spreading within practical
implementations, because they are based on
operations, that are unnatural for the computing
machinery. The publicity of cryptographic
algorithms, infeasibility of which isn't theoretically
proven, let talk about their practical infeasibility in
the case these algorithms weren't broken by known
methods. Still this kind of infeasibility couldn't be
guaranteed in the future, when new methods of
breaking appear. Thereafter the cryptanalytic's
knowledge of round transformation, which
infeasibility is proven only practically, makes it
easier to study and break the hash function. That's
why the development of hash functions, which
would provide both the publicity of algorithms,
those implement it, and round transformation
nondeterminancy to the intruder during certain
round cryptanalysis is topical.

The goal of the research is improving of hash
infeasibility by public hashing approaches
development, which would provide round
transformation nondeterminancy to a cryptanalytic,
and their implementation by the generalized hash
construction.

The following tasks are to be solved to achieve
the goal:

- known hash approaches analysis;

- the development of the new hash conception,
which is based on the nondeterministic automaton;

-the development of the generalized hash
construction ~ which is  based on  the
pseudonondeterministic hash conception.

2. ANALYSIS OF MODERN HASH
APPROACHES

The majority of modern hash approaches reaches
by their roots the Merkle-Damgaard construction
[2], which became the classical one. In
correspondence with the construction hashing is to
be meant process of gaining fixed length hash digit
according to the arbitrary length message, which is
spitted up to the / data blocks of the same length.

The initialization vector /4, usually is used as a key.
Thus the hash iteration has the following view [2]:

hi :f(hi—l’mi)’ )

where /4, — the intermediate hash digit, that is
obtained after the i-th data block processing;

m, — the i-th data block (i =1, /);

f () — the reduction function, which provides fixed

length of the output value.
The hash digit of the whole message would be 7,

[2]. A lot of other hash constructions are known,
which  differ from the Merkle-Damgaard
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construction, but all of them stipulate fixed sequence
of actions, that are to be performed for hash digit
computing. It allows cryptanalytics to analyze
algorithms and find weaknesses in hashing, which
appeared at the constructions level.

Several works were performed to avoid these
weaknesses within hashing [3-5]. The work [3] is
devoted to the hash construction development, that
contains two nonstandard hash parameters and could
be formalized in this way:

h = f(h_,, m,, #bits, c), )

where #bits — the quantity of data hashed so far;
¢ — the certain constant — the cryptographic salt.

According to the work [3] the constant ¢ in the
hash construction (2) is new for an each hash
process. Thus the construction has certain parameter,
which is to be chosen at random. That's why it is
more difficult for the cryptanalytic to prepare attack
beforehand, when the parameter's value is unknown.
Nevertheless, the hash algorithm, because of being
known, could be an object of cryptanalytic's research
and known methods of breaking or their
modifications could be implemented. Moreover, the
approach reduces hashing rapidity comparatively
with the construction (1), because the additional data
is to be processed.

The work [4] contains the brief description of
two hash functions Dynamic SHA and Dynamic
SHA-2, the peculiarity of which is using of the data
driven shift. Also cryptanalysis of these functions is
performed at the work [4] and the attack, that allows
to break them, is proposed. The attack could succeed
through fixed structure of hash algorithms and their

publicity.
The work [5] is devoted to the hashing, based on
data  driven  primitives: permutations and

substitutions. These primitives have two types of
inputs: one — for a data to be hashed, other — for
driven data, which value determines the type of the
substitution or the permutation is to be performed
under the data from the former input at each round.
The driven hash primitives, which manipulate input
data of a small width (2-3 bits of input/output data
and 1-2 bits of driven data), are considered at the
work [5]. These primitives are cascaded in order to
implement more complicated elements. The data
permutation is used for correspondence maintaining
between different bits of a data block and for
arbitrary dependence gaining between each input
data bit and output bits. Thereby authors of the work
[5] use several reduction functions, each of them is
chosen at the certain round depending on the driven
vector value:

ho=f,(h.,m), 3)

where v, — the driven vector, which value is

computed using the following function:
Vi :g(vi—l’k’ mi)’ “4)

where k — the key data.

The peculiarity of the hash construction (3) is
composed of forming driven vector using both the
key and input data, that allows authors of the work
[4] to achieve nonlinearity of functions based on
these primitives usage. Notwithstanding the large
amount of developed substitution-permutation
networks and the generalized methodology of their
developing, the work [4] has a weakness — it also
could be an object of the cryptanalysis, because the
driven vector is formed with the participation of the
input data. In the other hand there wouldn't be much
correlation between the input and output data of the
reduction function without the participation and this
is rather unwanted for cryptographic hash functions
[1,2].

3. THE CONCEPTION OF
PSEUDONONDETERMINISTIC HASHING

The conception, which is based on the
pseudonondeterministic approach [6], was proposed
to avoid weaknesses of modern approaches of round
transformation hiding from cryptanalytics, which
was described supra. The hash algorithm is
considered as an actions sequence, that is performed
by the automaton, states of which are intermediate

hash values {hi}, and input signals are data blocks

{mi } , those are to be hashed. Thereafter the set of all

possible data blocks is the alphabet of the
automaton, and all possible sets of data blocks —
rows of the alphabet.

An automaton is deterministic one if it proceeds
the one and only one state from any current state for
any input symbol of its alphabet [7]. A deterministic

automaton is described by the set {S, AJd,s,, D},
where S — the set of the automaton's states; A — the
alphabet of input symbols; 0 — the function, that
implements the mapping Sx 4 — S, s, — the initial

state of the automaton (5, €S); D — the subset of

the set S, which is called set of final states [8]. Thus
an automaton, that performs deterministic hashing

could be described as the set {H, M, f(), hy, h,},

where H — the set of all intermediate hash values;
M — the set of all data blocks values; /4, — the final
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hash state, which is obtained after finishing of the
last /th data block of the input message processing,

h eH.

It is obvious, that the infeasibility of modern key
hash algorithms is based on the point, that an

intruder doesn't know the initial state ho of the

deterministic automaton, gaining which the intruder
breaks the hash function. The intruder deals with the
deterministic automaton, while trying to break hash
algorithms, those don't use a key, the main difficulty
in the case concerns finding a path of the same

length as the original message [ {h/,h},...h/},
(where 4/ = f(h,,m!), and A} =h,), which has

i-1°7%
the same final state /1, = &, . The situation, that hash

breaking task adds up to this one is caused by the
determinancy of the automaton — each instant

automaton's state (hl., mi) causes unambiguous

automaton proceeding into the next state 4,,,. This

feature of hashing makes effective the set of attacks,
which use precomputation and are considered in
particular at the work [3].

A nondeterministic automaton is the one, the
proceeding rule of which isn't obligatory described
by a function. The automaton could proceed several

different states, when it stands at the certain state s,

and the same input symbol is processed [7]. Let &
be an empty message (zero-length), then a
nondeterministic automaton is described by the set

{S, Ad's,, D}, which is analogical to the one of a

deterministic automaton, where ¢  is mapping
Sx(Au{g})—>S [8]. It is obviously, that

deterministic automaton is the special case of the
nondeterministic one.

The task of hash breaking could be more difficult
if hashing process would be described by the
nondeterministic automaton model. In the case it is
more difficult to an intruder to find collisions,
because he doesn't have the information about
automaton proceeding to the next state, while he

knows the instant state (hi, m[). It is clear that the

nondeterministic automaton couldn't be used for the
hash digit computation in the pure state (as is),
because the same message would have several hash
digits in this case, that contradicts the definition and
the purpose of the hashing process. That's why the
methods of pseudonondeterministic hashing are
proposed. The hashing process is described for the
intruder by the model similar to the nondeterministic
automaton model according to these methods. So the
automaton, which implements
pseudonondeterministic hashing is describe by the

set {H,I\/I,F,ho,hl}, where F — the set of

()}, which could be performed by the

automaton at the each round depending on the
driven vector's value v,. The vector should be

functions { f

Vi

hidden from the intruder in the case of keyed
hashing, and it should significantly depend on the
input data in the case of unkeyed hashing.

4. PSEUDONONDETERMINISTIC HASH
CONSTRUCTIONS

The construction (3) could be similar to the
Merkle-Damgaard construction for
pseudonondeterministic ~ hashing,  because it
anticipates several reduction functions which are
chosen according to the driven vector's value.
However it is needed to exclude driven vector
depending on its previous value and the input data
from the formula (4). Instead, it is proposed to
generate driven vector using intermediate hash
values to keep the dependence on the input data. So
the vector forming function has the following view:

v, =glh.,). 5)

As both the reduction function and the vector
forming function at the construction, which is
described by formulas (3) and (5), consider output
receiving depending on the intermediate hash value
received at the previous iteration, that's why it is
impossible for the hashing process based on the
construction  (3), (5) to achieve pure
pseudonondeterminancy, because the same round
transformation would be always performed for the
certain intermediate hash value. It is proposed to
avoid the undesirable dependence by vector forming
and the hash value computation depending on
different intermediate hash values. In the simplest
case the hash construction is the following:

{hi = f(hi—l ) mi);

(6)
Vi=8 (hi—2 ) .

The construction (6) is generalized in the
following way:

h. = “om);
=1, (I-*I*, m,) o
Vi :g(Hi )a
where H:, H:* C{ho,hl,....,hi_l} and
H*mH:* =.

i
The construction (7) is inconvenient from the
practical point of view, because in the case of keyed
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hashing the key should have the length exceeded the
output hash value's one. That's why authors find it
more perspective to implement
pseudonondeterministic hashing for the multipiped
case of hashing. The instance of the proposed
approach implementation for the double-pipe
hashing is the following:

®)

where hl.(j ) _ the intermediate hash value, which is

received at the jth pipe at the ith iteration.
The generalization of the construction (8) for the

arbitrary number of pipes ¢ (q > 2) is the following:

(1) ); | ©)

HO < b, 10, ), h®),

i-1°

HU)

B, k) and HY AR =@ j=1.q.
The construction (9), as most known hash
constructions [2, 3, 5, 9-12], considers consequent
data block processing — one block is processed at the
one iteration. The approach simplifies the hash
methods implementation, but simultaneously it
facilitates to the cryptanalytic the task of the
breaking automaton design. That's why it is
proposed to use several data blocks at the each
iteration. For instance, the following construction is
proposed to "bond" the data block to their positions
at the message, that would complicate the part of the
message replacement task for the cryptanalytic:

where

W= 1 (0, i)
hi(z) = fv§2) (H j(z), m;, mi—rand(m,-));

B = fqu) (H j(q)a m;, mi—rand(m,»));
**(1)). (10)

where rand () — the function of random number

sequence generating.

Using of the construction (10)
processing of two data blocks at the each iteration,
but in the general case all data blocks could be
processed in the following way:

considers

i ’ml);

h) = fvfz)(Hj(z), my,my,..., m,);

1

h(l) = fv(l) (H j(l), ml, m2,

1

h(q) — fv(q) (Hj(q), ml’ mza ceey m]);
, (11)

The cryptographic salt (a random number) could
be used as the argument of the reduction

function f () in addition to data blocks and

intermediate hash values, which are used at the
construction (11), as it was proposed at the work [3].
However it was proposed to use the same salt value
at the each iteration at the work [3], so the
cryptographic salt is the static one. The static
cryptographic salt is generalized by the dynamic
one, so it is proposed to input new pseudorandom
number at the each iteration [13, 14]:
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...,m,,rl.);

ey :f;z)(H’f(z),ml,mz,...,m”l”i);

.-,m,,r,-);

(12)

where 7, — the dynamic cryptographic salt and 7, is

determined before beginning of the hash process in
the same way as the static salt is determined.

The dynamic cryptographic salt is the same for
each pipe at the construction (12), but it could be
different for the each pipe in the general case:

hi(l) = fv,(”(H :(1), m,m,,...,m, ri(l));
hl.(z) = fv,(z)(H :(2), m,m,,...,m, ri(z));

pla) = fv(q) (Hj("), my, My, ..., M, rl.("));

(13)

The dynamic cryptographic salt could be used
several times at the each iteration similar to the data
blocks at the construction (11). Consequently the
construction (13) is generalized by the following
construction:

B0 = fv(l)(H:(l), My My, .y My, R(l));

1

s :fv(z)(H:.ﬁ(z), My, My, ..., M, R(Z));

1

where RY) — the set of pseudorandom numbers,
which is used at the jth hashing pipe.

Let us use the following parametric description of
hashing, which is based on the construction (14)

PNDH (k; d;z;y; ¢) (PseudoNonDeterministic

Hashing), where the following denotations are used:
q — the quantity of hashing pipes;

k — the quantity of intermediate hash values, which
are arguments of the reduction function f G )() at

the jth (j =1, ¢) pipe;
d — the quantity of data blocks, which are processed
for the intermediate hash values computation at the

Jth pipe (d = 1,_1);
z — the quantity of pseudorandom numbers, which

are used at the each iteration at the one pipe;
y — the correlation between the intermediate hash

value width and the output hash digit width;
@ — the quantity of intermediate hash values, which

are used to form the driven vector at the jth pipe.

The construction (14) was received by the
sequential generalization of hash constructions,
that's why it generalized all constructions considered
supra. Parametric descriptions of the known hash
constructions is presented at the table 1 to prove,
that the construction (14) is generalized for other
constructions and deterministic hashing is particular
case of the pseudonondeterministic one.

Table 1. Parametric descriptions of known hash
constructions

The hash construction The parametric

description

Merkle-Damgaard [2] PNDH(1; 1; 0; 1; 0)

Cascading [2] PNDH,(1;1;0; 1; 0)

HAIFA [3] PNDH,(1; 1; 1; 1; 0)

Hirose [10] PNDHy(2; 1; 1;2; 0)

Double-pipe [11] PNDH)(2; 1; 0; 2; 0)

Wilde pipe [11] PNDH,(1; 1; 0; 2; 0)

3C [9]

PNDHy(2/1; 0/1; 0; 2; 0)

Sponge [12]

PNDH(1; 1; 0; y; 0)
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Parameters k& and d at the table 1 for the
construction 3C are described using slash because of
different arguments of pipes reduction functions. For
the first pipe they are the data block and the
intermediate hash value from the pipe, for the
second pipe — intermediate hash values from both

pipes.

5. AN EXAMPLE OF
PSEUDONONDETERMINISTIC HASH
FUNCTION IMPLEMENTATION

Several hash functions were developed to
implement hash constructions described above [15].
These hash functions are based on well-known non-

linear functions of three arguments x,x,,x; (in

particular first pair of them is used at the hashing
standard SHA-2 [16]):

y=(x, Ax,)®(—x, Axy), (15)
y:(xl/\xz)(-D(xl/\x3)@(x2/\)€3), (16)
y=(x,vx,)®(—x vx,), (17)

yz()c1 vycz)@()c1 vx3)®(x2 vx3). (18)

Each iteration of hashing is supposed to use one
of functions (15-18) according to the driven vector
value. Also it is proposed to use circular shift
operation for each argument before it would be used
by one of these non-linear functions.

For instance the hash function was developed,
which implements hashing PNDH| (5; 1;0; 1;3)
with output hash digest length of 256 bits. At the
start of each iteration the driven vector value is
computed according to the function:

) = py(Gt)moda) oy h((/+4)mon) o h((/+7 modq)

i i-1

- (19)

Then the driven vector vl.(j ) is divided into seven
parts: one part of 2 bits length ¢ and six parts of 5
bits length s,,s,,...,5,. The reduction function is

chosen according to the ¢ value:

- "11" — the function (15);

- "10" — the function (16);

- "01" — the function (17);

- "00" — the function (18).

At each iteration reduction function arguments
m. R pGe2)medq) g ((j+3)modq) h((.i+5)modq)’

i’ i-1° i-1 > i-1 ’ i—-1

h((j+6)m0dq)

i are circular shifted rightwards to

S1585,85,84,85,8¢ bits respectively. For example

if the driven vector value is 0x01234567 it would be
divided in binary form into codes: 00 00000 10010
00110 10001 01011 00111. The following reduction

function ﬁ(j ) () is to be performed at this iteration:

hV)

:(m. /\‘h,(f)

>>>18 )

® [, A [afmesa)| Jo
>>> . (20)
(‘D th(glj-#.?x)mod q) ‘ [(E{-*—S)mod q) )(‘B
>>>17 >>>11
@ Qﬁh((j+3)m0dq ‘]’l modq) )
i-1 >>>17 >>>7

The hash function was tested by Known answer
tests, which were used by NIST (USA) for SHA-3
competitors [15, 17]. For instance, the results of
extremely long message testing are the following:

Repeat = 163840

Text = abcdefghbedefghicdefghijdefghijkefghijklfgh
ijklmghijklmnhijklmno

MD = 611D589256CD92FCE44225A445B6DC1
729F953851F4ADAEO07D204EDCS8FAF40AE9

The short message test results are the following:

Len=0

Msg =00

MD = C4377DE5D712E89EFF4AB66FB2D635FE3
43A6B9869C06295468D483199D4AFCS8

Len=1

Msg =00

MD = DS9E7E9FD569456A989333B4B3A3B3AB
E882E038E3C3F4FE690808596F16ACDE

Len=2

Msg = CO0

MD = 66B816FF6ESEC2D52A78B31BE896D980
76EBB323A55F878139F333B8ACDF88A2

Len=3

Msg = C0

MD = 54D4B72538B7A5D72736EE8C53A18141

7E343B34A9B134FC605E5D607CF12447

Results of testing showed that the hash function
doesn't degenerate while extremely long or short
messages are processed.

6. CONCLUSIONS

The performed analysis of known hash
approaches showed, that they could be described by
the deterministic automaton model, moreover it is
the very feature used by cryptanalytics for many
attacks performing. That's why the conception of
pseudonondeterministic hashing is proposed by
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authors. The conception is generalization of the
deterministic hashing one. While hash algorithms
are developed according to the conception, an
intruder is unavailable to perform cryptanalysis of
round transformations, because he doesn't know
operations, which are performed to process the
certain data block. Moreover the approach is
proposed, which allows to hide the information
about the data block being processed at the certain
iteration from an intruder. The set of hash
constructions is proposed to implement the
pseudonondeterministic hash conception. These
constructions provide hash infeasibility improving
towards known attacks.
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Ashok Kumar, Vinay Goyal
EARCT - ENVIRONMENT FOR AUTOMATED RANK BASED CONTINUOUS AGENT TESTING
Testing MAS (Multi-agent System) is a challenging task because these systems are distributed, complex
and autonomous in nature. Agents exist in an open environment having their own locus of control and they
require context awareness. So due to these agent’s characteristics, testing MAS system using existing testing
techniques becomes a very tedious job. Agents also pose problems regarding message communication and
semantic interoperability, as well as synchronization with other agents existing in the environment. All these
features are known to be hard not only to design and to code, but also to test. In this paper we will propose a
unique environment EARCT to test MAS keeping in mind the essential software engineering paradigms such
as effort consumed, errors revealed etc.

Anton Mykhailiuk, Olena Mykhailiuk, Oleksiy Pylypchuk, Volodymyr Tarasenko
A CREATION OF THE LINGUISTIC ONTOLOGY BASED ON A STRUCTURED ELECTRONIC
ENCYCLOPEDIC RESOURCE

Solving the problem of intelligent information retrieval requires the use of additional specialized
linguistic resources. One of such type of resources is a linguistic ontology of a subject field. The paper
considers an approach to develop software for an automatic creation of an ontological knowledge base by the
converting structured encyclopedic resource into appropriate ontology’s objects. The procedures of creation
of the ontology entities base, the hierarchy of entities and the network of associative links are considered.
Qualitative and quantitative analysis of the produced experimental ontology based on Ukrainian part of
Wikipedia is investigated.

Marina Polyakova, Victor Krylov, Natalya Volkova
THE METHOD OF WAVELETS CONSTRUCTION BY TRANSFORMATION OF A GRAPH OF
POWER FUNCTION FOR EDGE DETECTION

In this paper the method to construct the improved wavelets by transformation of a graph of power
function is developed for the edge detection.

Dipak V. Patil, Rajankumar S. Bichkar
INTEGRATED EFFECT OF DATA CLEANING AND SAMPLING ON DECISION TREE LEARNING
OF LARGE DATA SETS

The advances and use of technology in all walks of life results in tremendous growth of data available for
data mining. Large amount of knowledge available can be utilized to improve decision-making process. The
data contains the noise or outlier data to some extent which hampers the classification performance of
classifier built on that training data. The learning process on large data set becomes very slow, as it has to be
done serially on available large datasets. It has been proved that random data reduction techniques can be
used to build optimal decision trees. Thus, we can integrate data cleaning and data sampling techniques to
overcome the problems in handling large data sets. In this proposed technique outlier data is first filtered out
to get clean data with improved quality and then random sampling technique is applied on this clean data set
to get reduced data set. This reduced data set is used to construct optimal decision tree.

Experiments performed on several data sets proved that the proposed technique builds decision trees with
enhanced classification accuracy as compared to classification performance on complete data set. Due to use
of classification filter a quality of data is improved and sampling reduces the size of the data set. Thus, the
proposed method constructs more accurate and optimal sized decision trees and it also avoids problems like
overloading of memory and processor with large data sets. In addition, the time required to build a model on
clean data is significantly reduced providing significant speedup.

Anton Kabysh, Viadimir Golovko
GENERAL MODEL FOR ORGANIZING INTERACTIONS IN MULTI-AGENT SYSTEMS

In this article we describe a model for finding optimal for learning the behavior of a group of agents in a
collaborative multiagent setting. This model contains a set of scalable techniques that organize behavior of a
multi-agent system. As a basis we use the framework of coordination graphs which exploits the
dependencies between agents to decompose the global payoff function into a sum of local terms. To estimate
a quality of interactions between agents we are using the concepts of the influence value learning paradigm.
In last section we present the implementation of the considered model via reinforcement learning and
experimental results of the use of this paradigm.
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Artur Voronych, Yaroslav Nykolaychuk, Volodymyr Hladyuk
FORMATION AND PROCESSING OF ENTROPY-MANIPULATED CORRECTING SIGNAL CODES
IN WIRELESS SENSOR NETWORKS

It is described a systematization of theoretical bases and analytical expressions for evaluation of entropy
measures. It is showed a characteristic of signal corrective codes of Galois field. It is described the use of
entropic manipulation and corrective signal codes in wireless sensor networks. It is founded that entropy
approach of applying the corrective codes of Galois field is the most effective and promising for the
formation and processing of signals during transmission in wireless sensor networks.

Svetlana Antoschuk, Dmitry Maevsky
STRUCTURAL SYNTHESIS OF DYNAMIC INFORMATION SYSTEMS

Theoretical bases are considered and the method of synthesis of the dynamic information systems
structure is created with a capacity for adaptation at the changes of a subject domain. A capacity for
adaptation is provided due to the selection of a variation part of algorithms of the system that changing at the
changing the subject domain. The variation part of algorithms is kept in the database of the system that
provides their rapid replacement and promotes a fail safety on the stage of exploitation.

S.P.Khandait, R.C.Thool, P.D.Khandait
ANFIS AND NEURAL NETWORK BASED FACIAL EXPRESSION RECOGNITION USING
CURVELET FEATURES

Curvelet transform is a promising tool for multi-resolution analysis on images. This paper explains a new
approach for facial expression recognition based on curvelet features extracted using curvelet transform.
Curvelet transform is applied on the database images and curvelet coefficients are obtained for selected scale
for image analysis. Facial curvelet features are compressed using singular value decomposition (SVD)
approach. Back propagation neural network (BPNN) and Adaptive Neuro-Fuzzy Inference System (ANFIS)
are used as classifiers for classifying expressions into one of the seven categories like angry, disgust, fear,
happy, neutral, sad and surprise. Experimentation is carried out on JAFFE database. The experimental results
show that the novel approach is a better option for extracting feature values and classifying facial
expressions.

Bohdan Y. Volochiy, Leonid D. Ozirkovskyy, Thor W. Kulyk
THE METHOD OF BUILDING OF BEHAVIOR MODEL OF NON-MARKOV COMPLEX SYSTEMS
AS A GRAPH OF STATES AND TRANSITIONS

The goal of the paper is the construction of behavior models of discrete-continuous stochastic systems of
non-Markov type by the method of Erlang’s phases. The improved method of formalized construction of
behavior models as a graph of states and transitions is developed. Since this method is a part of technology
modeling discrete-continuous stochastic systems, now the process of construction of behavior systems of
non-Markov type is automated.

Yuriy Semchyshyn, Ivan Kulpa, Igor Kolosovskyi, Oleksandr Hrechnikov, Petro Hayda
DEVELOPING SEMANTIC NETWORK MANAGEMENT SYSTEM

The paper considers semantic networks. It is a way of representing knowledge as a set of nodes-concepts
connected by edges-relations. The history and current state-of-the-art of semantic networks is analyzed. The
experience of designing and developing semantic network management system is described in four sections
covering the following topics: data structures design, semantic analysis algorithm implementation, graph
visualization methods selection and Web-based user interface development. The developed system is fully-
operational tool for building and studying semantic networks. The system will be used for the further
research.

Vitaliy G. Deibuk, Ivan M. Yuriychuk, Roman I. Yuriychuk
SPIN MODEL OF FULL SUMMATOR ON PERES GATES

Four-spin model of single-digit summator for solid state nuclear magnetic resonance (NMR) quantum
computer is proposed. Correctness of summator’s operation is analyzed in dependence of system parameters.
It is found that the summator on Peres gates works correctly in time of four r-pulses on pure numerical and
superposition states. Optimal values for exchange interactions and maximum distance between g-bits
necessary for correct summator’s operation are obtained from the analysis of fidelity function.
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Julia Drozd, Alexander Drozd, Julian Sulima
NATURAL RESOURCES AND THEIR USE FOR CHECKABILITY INCREASING THE DIGITAL
COMPONENTS OF SAFETY-CRITICAL SYSTEMS

The models, methods and means as target resources for solving tasks for design and testing of computer
systems and their components are considered. A criterion for choosing the target resources activating the
natural resources for the increasing the efficiency of task solutions is determined. A problem of low
checkability of digital components of safety-critical systems is examined and the ways of its solution is
showed by choosing the target resources in accordance with the offered criterion. The way of elimination of
a contradiction between the target resources aimed to maintain the checkability, productivity and low
complexity of digital components is described. This way is based on parallelization of computations with the
use of the serial codes.

Volodymyr A. Luzhetsky, Yuriy V. Baryshev
THE GENERALIZED CONSTRUCTION OF PSEUDONONDETERMINISTIC HASHING

This article is devoted to the development of hash constructions, which are based on the
pseudonondeterministic hash conception. The conception allows to design hash functions with improved
infeasibility to cryptanalysis. Both proposed constructions and known ones are generalized as
pseudonondeterministic constructions.
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Ashok Kumar, Vinay Goyal
EARCT — CEPEJJOBMILIE /151 ABTOMATHU30BAHOI'O TECTYBAHHS [TOCTIMHUX ATEHTIB
HA OCHOBI PAHXYBAHHA

TecryBanust MmynbTHareHTHUX cucteM (MAC) € ckIagHUM 3aBOaHHSAM, OCKUIBKM IIi CHCTEMH €
JUCTPUOYTHUBHUMH, CKJIAJAHUMHM Ta aBTOHOMHHMH 34 CBOEK IPUPOAOI0. ATEHTH ICHYIOTh Y BIIKPHUTOMY
CEpENIOBHII, MAIOTh CBOE PO3MIIICHHS Ta BUMAraroTh KOHTEKCTHOI KOMIIETCHTHOCTi. TakuM YHHOM, Y
3B 3Ky 3 LIMMH XapaKTepUCTUKaMH areHTiB, TecTyBaHHSI MAC 3a IOMOMOrol0 iCHYIOUHX METOJIB € JIyKe
PYTHHHOIO POOOTOIO0. ATEHTH TaKOX CTBOPIOIOTH MPOOJEMH IOM0 KOMYHIKAIiHHAX IOBIJOMIICHh Ta
CEeMaHTHYHOI CYMICHOCTI, a TaKo)X CHHXpOHI3allil 3 IHIIMMHU arcHTaMmH, iICHYIOUUMH B HaBKOJUIIHBOMY
cepenosuili. Bei 11i 0c00IMBOCTI BHOCATH CKIAAHICTh HE TIJIbKU B MPOSKTYBAHHS Ta MPOrpaMyBaHHSA, aje i
TeCTyBaHHS. Y I CTaTTi MH MporoHyeMo cTBopeHHs yHikanmsHOro EARCT cepenoBuina s TecTyBaHHS
MAC 3 ypaxyBaHHSAM HEOOXITHUX IapaJurM PO3POOKH MPOTPAMHOTO 3a0e3IeUCHHS, TaKUX SAK 3aTpadcHi
3yCHJUIS, BUSBIICHI TOMUJIKH TOIIIO.

Anmon Muxaiiniox, Onena Muxaiiniwk, Onexciii Ilununuyk, Bonooumup Tapacenko
®OPMYBAHHS JIHBICTUYHOI OHTOJIOT'T] HA BA3I CTPYKTYPOBAHOI'O EJIEKTPOHHOI'O
EHIUKJIOTIEAUYHOT'O PECYPCY

Bupimenns 3agadi iHTemeKTyamizamii iH(OpMaiifHO-TIONTYKOBOI IisSUIPHOCTI BHMAara€ 3acTOCYBaHHS
JOTIOMDKHUX CIIEIiali30BaHUX JIHI'BICTUYHUX pecypciB. OMHUM i3 TaKUX pecypciB MOXKe OYTH JIIHTBICTHYHA
OHTOJIOTiSE mpeAMeTHOi Tranysi. CrarTs po3misigae MiAXiAg 10 opraHizamii MporpaMHUX 3aco0iB LIS
aBTOMAaTU30BaHOTO0 (OpMyBaHHS OHTONOrIYHOI Oa3uM 3HAHb UUIIXOM KOHBEPTALii CTPYKTYpOBAaHOTO
SHITUKIIOTICIMYHOTO PECYpCy V BIimMOBiAHI 00’€KTH OHTOJOTII. PO3rismaroThCs TpoIeaypd CTBOPCHHS
MOHATTEBOI 0a3M OHTOJIOTT, iEpapXii MOHATH Ta MEpEeXi acoliaTUBHUX 3B’ sA3KiB. [IpOBOANTBCS MOCTIIKEHHS
SIKICHOTO Ta KUTBKICHOTO CKJaxy c(opMoOBaHOI eKCIIepHMMEHTANBHOI OHTOJIOTIi Ha OCHOBI YKPaiHCHKOTO
cerMeHTy Bikireii.

Mapuna Ilonakoea, Bikmop Kpunoe, Hamania Bonkoea
METO/I [TOBY JOBU [MOKPAIIIEHMX BEMBJIETIB IIJISIXOM ITEPETBOPEHH S TPADIKA
CTEINEHEBOI ®YHKLIII JJ151 3AJIAUI KOHTYPHOI CETMEHTAILIIT 305PAYKEHbD

B naniit po6oTi po3pobieHo MeTo moOyI0BH MOKpAIEHUX BEUBIETIB IS 3a1a4l KOHTYPHOI cerMeHTanii
300pakeHb IUITXOM NepeTBOpeHH rpadika creneHeBoi QyHKIT.

Dipak V. Patil, Rajankumar S. Bichkar
IHTET'PAJIBHUI E®EKT IIATOTOBKU JJAHMX I BUBIPKU /151 METO1Y HABYAHHS HA
OCHOBI IEPEBA PILIEHb HA ITPUKJIAAI BEJIMKWX HABOPIB JAHUX

Po3BUTOK 1 BUKOPUCTAHHSA TEXHOJOTIH y BCiX cdepax >KUTTSA MPU3BOAUTH 10 BEIUUE3HOTO POCTY AaHUX,
JOCTYITHHX Ul aHajii3y. Benukuii oOcsAr HOCTYIHHX 3HaHb MOKe OyTH BHKOPHUCTaHUU JUIS MOKpalIeHHS
TIPOTIeCY MPUHHSTTS pileHb. JlaHi, 0 MICTATh IIyMH a00 BUKHIH, 3HIKYIOTh TOUHICTH KiIacHdikamii mpu
o0y IOBI KJIaCHU(piKaTOPIB Ha OCHOBI TaKUX HaBUAIbHUX JaHWMX. [Ipollec HaBYAaHHS Ha BEJIMKIH BUOIpIl
JaHUX CTa€ Ay’Ke MOBUIBHUM, TaK sIK BiH IOBUHEH BUKOHYBATHCS ITOCIiJOBHO Ha HAsBHUX BEJIMKHUX BHOIpKax
nanux. byno noBeneHo, mo 3MEHIIEHHS 00°€My TaHUX BHITAQJKOBHM YHHOM MOXE OyTH BUKOPHUCTAHO IS
moOyJOBH ONTHMAIBHOTO JEpeBa pPilllecHb. TaKUM YHHOM, MM MOXKEMO IHTErpyBaTH MpPOIECH ITiJrOTOBKU
JaHUX Ta METONMKY BHOOpY AaHUX Uil MOAONaHHS MpoOiieM B OOpoOIl BEIMKMX MAacuBiB JaHUX. Y
3arporoOHOBaHIi METOMUIl CIOYaTKy (DITBTPYIOThCS BHUKHIW, 00 OTPUMATH «YHUCTI» NaHI MOKpameHoi
SKOCTi, a TIOTIM 3aCTOCOBYETHCS BUIAAKOBUN BHOIp Ha Il «4WCTiiD» BUOIpII MaHHWX, MO0 3MEHIITUTH
aKTyanbHy BHOIpKy manux. L ckopoueHa BHOipKa JaHUX BUKOPUCTOBYETHCS AJIS TOOYAOBU ONTUMAILHOTO
JiepeBa pillieHb.

Jocmiau, mpoBeneHi Ha AeKUTPKOX BHOIpKaxX MaHWX JOBEIH, IO 3allpOIIOHOBaHA METOINKA OYIy€e IepeBo
pillieHb 3 MiJBHUINEHOI0 TOYHICTIO Kiacu(ikalii y MOpiBHAHHI 3 TOYHICTIO Kiacugikalii Ha OBHIN BHOIpII
JaHuX. 3aBASKH BUKOPUCTaHHIO (inbTpiB kimacuikamii SKICTh JaHWX MOKpallyeTbcs 1 BimOip HaHHX 3
BHOIpKH 3MeHIIye ii po3Mip. Takum 4HMHOM, 3alpOMIOHOBAHHUI METOJ| CTBOPIOE TOYHIII Ta ONTHMAIbHIIII
PO3MipH JepeB PillieHb, 1 e TAKOX J03BOJISIE YHUKHYTH TakuX NpoOIieM, sSiK IepeBaHTaXKEHHS OTEPaTHBHOT
mam’sITi Ta mpouecopa BeJIMKUMH BUOipkamu nanux. KpiMm Toro, yac, HeoOXigHuid i moOya0BH MOZAETl Ha
YHUCTHX JAaHHUX, 3HAYHO CKOPOUYETHCS, 10 3a0e3Meuye 3HaYHe TIPHUCKOPESHHS.
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Aumon Kabuw, Bonooumup I'onoexo
V3ATAJIbBHEHA MOJIEJIb OPTAHI3ZALIII B3AEMO/IIM B MYJIbTUATEHTHIN CUCTEMI

Y naHii poOOTI OMHCYETHCA MOIEHIb I 3HAXO/KCHHS ONTHMAIbHOI TOBEMIHKH MYJIBTHAreHTHOL
CTPYKTYPH Yepe3 OpraHizailifo B Hili ONTUMANBHUX B3a€MOJIIN MiXk areHTaMu. MoJieNb BKJIFOYAE Bl OCHOBHI
TexHikiu. Mojenb TpadiB KOOpIWHAINI MO3BOJNSE SBHO BHPA3UTH 3AJNICKHICTH MK areHTaMu, OO0 Jae
MOXIJIMBICTh PO30HTH IUTHOBY (DYHKINIO TOBEMIHKH B JIHIHHY CyMy IHAMBIAyadhbHUX MUTHOBUX (YHKITIH.
Moienb OIIHKY BILIMBIB Ja€ MOXKJIUBICTh OLIHUTH BIUIMB IHIIMX ar¢HTIB Ha il OJUH OJHOTO 1 SIK Pe3yJIbTaT
JIae M KoopauHyBatH cBOi 1ii. B po0OoTi HaBemeHa peamizallis JaHOi MOJENi Ha OCHOBI HaBYaHHS 3
MiIKPITUIEHHSM 1 eKCIIEPUMEHTANbHI Pe3yIbTaT! 3aCTOCYBAaHHS TAHOI MOJIEII.

Apmyp Boponuu, fIpocnae Hukonaituyk, Bonooumup I'naorwox
®OPMYBAHHS TA OITPAIIIOBAHHS EHTPOIIIMHO-MAHIITY JIbOBAHUX CUTHAJIBHUX
KOPEKTYIOUMX KOJIB Y BE3ITPOBIIHUX CEHCOPHUX MEPEXAX

Buknanena cucremaruzaiis TEOPETHYHUX OCHOB Ta AaHAJIITMYHUX BHUPA3iB OLIHKH Mip CHTPOIII.
HaBeneHo xapakTepHCTHKYy CHTHAIIbHUX KOPEKTYyIOUHX KoOAiB mons [amya. OmmcaHo MOXIIHBICTh
BUKOPHCTAHHS CHTPOMIHHOT MaHIIMyJIAIl Ta CHTHAIBHUX KOPEKTYIOUHX KOIIB Y OE3MpPOBIIHUX CEHCOPHHUX
Mepexax. BcTaHOBIEHO, IO SHTOPOMIMHMIA MiAXiJ 3 3aCTOCYBaHHS KOPEKTYHOUMX KoIiB mojs [amya €
HaiOMb epeKTUBHUM Ta MEPCHEKTHBHUM AJs (OPMYBaHHS 1 ONpAlfOBaHHS CUTHAIIB MpH Iepenadi
iHdopmarii B 6e3MpOBITHUX CEHCOPHUX MepekKax.

Ceimnana Aumowiyx, /Imumpo Maeecokuii
CTPYKTYPHUI CUHTE3 IMHAMIUYHUX IHOOPMALIIMHUX CUCTEM

Po3rnsHyTO TEOPETHYHI OCHOBH Ta CTBOPEHO METON CHHTE3Y CTPYKTYpH AWHAMIYHHX iH(OpMAaIliitHuX
CUCTEM i3 3IATHICTIO [0 ajanTyBaHHS MPU 3MiHAX NPEIMETHOI 00JacTi. 3MaTHICTH IO aganTyBaHHS
3a0e3IMevyeThCsl 32 PaxXyHOK BHIIIJICHHS BapiaTHBHOI YaCTHHHW alTOPUTMIB CHCTEMH, IO 3MIHIOIOTHCS TPHU
3MiHaxX TpemMeTHOl obnacti. BapiaTnBHa WacTWHA anropuTMiB 30epiraeTbes B 0asi JaHWX CHCTEMH, IO
3a0e3medye IX MIBUIKY 3aMiHy Ta IiIBUIIYE HAJIHHICTh CHCTEMH Ha €Talli eKCIUTyaTallii.

S.P.Khandait, R.C.Thool, P.D.Khandait
AJIATITUBHE HEMPO-HEUITKE TA HEPOMEPEXXEBE ILIBUJIKE PO3II3HABAHHS BUPA3Y
OBJINYYS 3 BUKOPUCTAHHAM CURVELET-OCOBJIMBOCTEN

Curvelet-niepeTBOpeHHs € MEPCHEKTUBHUM IHCTPYMEHTOM ISl MYJIBTH-PO3IUIBHOTO aHaNi3y 300pakeHb.
s craTTs mpencrasisie HOBUH MiaXif 10 pO3Mi3HABAHHS BUpa3y 0OIMYYs HA OCHOBI curvelet-ocoOiauBocTeH,
BUAOOYTHX 3a JIomomororo curvelet-meperBopenb. Curvelet-nepeTBOpeHHsI 3aCTOCOBYEThCS B 0asi JaHHX
300paxeHs 1 curvelet-koedimieHTH Oy OTpUMaHi 11 BHOPaHOTO MacmTady AJsl aHami3y 300paxensb. Pucu
00MYUs y BUMIISIAI curvelet-koedilieHTiB CTUCHYTI 3 BUKOPUCTAHHAM ITIXOIY CHHTYJIIPHOTO PO3KIIaIaHHI
(SVD). Heiiponni mepexi i3 3BOPOTHIM NOMMPEeHHSM momuiku HadanHs (BPNN) i amantuBHa Helipo-
HeuiTka cuctema (ANFIS) BUKOPUCTOBYIOTBCS B SKOCTI KiacudikaTopiB mis kiacudikaii BupasiB B OJHIN
13 CeMU KaTeropill, Takux SIK THIB, Biflpa3a, cTpax, MacTs, HEHTpaabHICTh, CYM 1 3MUBYBaHHs. ExcriepumeHT
npoBoauBcs Ha 0a3i maHux JAFFE. Pesynbratu ekcriepuMeHTY MOKa3alld, 1[0 HOBHM MiJXiJl € KpalluMm
BapiaHTOM ISl BUAOOYTKY 3HaueHb O3HAK Ta Kiacu]ikamii BUpazy oOIrmyys.

bozoan Bonouii, Jleonio O3ziproecvkuii, 12op Kynuk
METO/] IOBY JOBY MOJIEJIEM TIOBEJIHKU CKJIA JHUX CUCTEM HEMAPKOBCBHKOI'O TUITY
Y BUTJIAAI TPADA CTAHIB I IIEPEXO/IIB

O0’eKTOM pO3TIIALY € Tpolec MOOYIOBH MOJENIEH MOBEIIHKA TUCKPETHO-HEIICPEPBHUX CTOXACTUIHHUX
CHCTEM HEMapKOBCBKOTO THIY 3a JIomomoror wmerony ¢a3 Epmanra. Ha 06a3i mporo meromy Tta 3
BHUKOPUCTAaHHIM yIOCKOHAJICHOI TEXHOJIOT1l MOJICIIOBaHHS JUCKPETHO-HENEPEPBHUX CTOXAaCTUYHUX CHCTEM
MapKOBCHKOI'O THUILy PO3POOJIECHO METOJ HOOYIOBH MOZEIEH CKIaJHMX CHCTEM HEMapKOBCHKOTO THUILY Yy
BUTJISII Tpada craHiB i mepexoniB. Po3poOieHunii MeTo] MpOUTIOCTPOBAHO MPHKIAIOM aHANII3Yy CHCTEMH
MacoBOTO OOCITYyTOBYBaHHSI.

HOpiit Cemuumun, Iséan Kynona, I2op Konocoscovkuii, Onexcanop I peunixos, Ilempo I'aiioa
PO3POBKA CUCTEMU KEPYBAHHA CEMAHTUYHUMU MEPEXXAMU

PoboTta npucBsiueHa CEMaHTUYHHUM MEpeXaM — CIOCO0y MPENCTaBICHHS 3HAHb y BHII HaOOpY By3IiB-
CyTHOCTEH 00’€IHAHMX 3a IOTIOMOTOI0 pedep-3B’SA3KiB. 3MIHCHEHO OIS iCTOPil PO3BHUTKY Ta CYy4acHOTO
CTaHy CEMaHTUYHHUX MEPEXK, OOIPYHTOBAHO aKTyaJIbHICTh Mpobiemu. ONMUCAHO MPOIEC MPOCKTYBaHHS Ta
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PO3POOKH CHUCTEMH KEpyBaHHS CEMAHTHYHHUMH MEPESKAMU: TPOCKTYBaHHS CTPYKTYp IaHHUX, PO3POOKY
AITOPUTMIB CEMAaHTHYHOTO aHAJIi3y TEKCTiB YKPAiHCHKOK MOBOIO, BUOIp anTroOpuUTMIB Bizyauisaii rpadoBux
CTPYKTYp IaHUX, pealli3allito KOpUCTyBambKkoro iHTepdeiicy y Burmsani Web-gomatky. Po3pobiieHa cuctema
€ TOBHICTIO (DYHKI[IOHAJBHUM 3acO00M MOOYMOBH Ta MOCIIIPKEHHS CEMaHTHUHUX MEpPEX, IO MiJTBEPIUB
CBOIO €(DEKTHBHICTh Ta MOCITYKUTh 0230BOI0 TIAT(HOPMOIO JUIS MONATBIIUX JOCITIIKCHB.

Bimanii /leioyk, Ieéan FOpiiiuyk, Poman IOpiiiuyk
CIIIHOBA MOJEJIb TIOBHOI'O OAHOPO3PATHOI'O CYMATOPA HA EJIEMEHTAX ITEPECA
[ToOynoBaHa YOTHPHCIIIHOBA MOAENH OJHOPO3PAIHOTO CyMaTopa Il TBepAoTiIbHOTO SIMP KBaHTOBOTO
KOMIT'IOTepa Ta IpoaHaji30BaHa KOPEKTHICTH HOro poOOTH B 3alIe)KHOCTI Bifl TapaMeTpiB CHUCTEMHU.
BcranoBneHo, mo A YMCTHX Ta CYNEPIO3UIIMHUX CTaHIB, CyMaTop Ha eneMeHTax llepeca KOpPEKTHO
CIPAIbOBYE 332 YOTUPH T-iMITysibcd. OTPUMaHO ONTHMAaJIbHI 3HAYCHHS MMapaMeTpiB 0OMIHHOI B3a€MOil Ha
OCHOBI aHaJli3y QyHKIIi YITKOCTi Ta BU3HAYEeHA MaKCUMaJIbHa BiZICTaHb MiXK KyOiTaMH JJIsl KOPEKTHOI pOOOTH
cyMmaropa.

HOnin /Ipo3o, Onexcandp /Ipo3o, FOnian Cynuma
[PUPOJIHI PECYPCU TA IX BUKOPUCTAHHS JUIS TIJIBULLIEHHS KOHTPOJIEITPUAATHOCTI
HUPPOBUX KOMIIOHEHTIB CUCTEM KPUTHYHOI'O 3ACTOCYBAHHA

PosrnsayTo Mozenmi, MeToau Ta 3acO0M SIK LTBOBI PECYpCcH Uil BUPILIEHHS 3a/a4 MPOCKTYBAaHHS Ta
IiarHOCTYBaHHA KOMIT IOTEPHHX CHUCTEM Ta iX KOMIIOHEHTIB. Bu3HauyaeThcst KpuTepii BUOOpY LiNBOBHX
pecypciB, IO aKTUBYIOTh MPUPOIHI PECypCH, CHPSIMOBaHI Ha MiABUIICHHS €(GEKTHBHOCTI BUPIMICHHS
3aBIaHb. Po3risHyTO MpoOJeMy HH3bKOI KOHTPOJENPHUIATHOCTI LU(PPOBUX KOMIIOHEHTIB CHCTEM
KPUTHYHOTO 3aCTOCYBaHHS, Ta MOKa3aHi LUISXH ii BUPILICHHS IpU BUOOPI LITLOBUX peCcypciB BiANOBIAHO 10
3alpOIIOHOBAHOTO KpuTepiro. ONMHMCaHO MIIAX YCYHEHHS CYNEpEeYHOCTI MDK IUThOBHMH PECypCaMu,
CHPSIMOBaHMMH Ha 3a0e3IeueHHs] KOHTPOJIETPUIATHOCTI, TPOYKTUBHOCTI Ta Mayioi CKIagHOCTI IH(pPOBUX
KOMITOHEHTIB. Lleil muisix IpyHTyeTbcS Ha po3napalieNioBaHHI OOYHMCICHb 3 BUKOPHCTaHHSAM IOCIiTOBHHX
KOJIiB.

Bonooumup Jlysceyvxuii, I0piii Bapuues
V3AT'AJIbBHEHA KOHCTPYKUIA ITICEBJOHEJJETEPMIHOBAHOI'O XEHIYBAHHSA

Jlana craTTs mpuCBSYEHA pO3poO0Ill KOHCTPYKIIH XeUmIyBaHHS, sKi 0a3yloTbcs Ha KOHIICIIINT
MICEBIOHEJICTEPMIHOBAHOTO ~ XelIyBaHHs. JlaHa KOHLENIis J03BOJIIE PO3poOnsaTH Xem-QyHKIii 3
MiBUIICHOI0 CTIMKICTIO 10 KpunToaHamizy. | 3ampomoHOBaHi KOHCTPYKINi, i BiJOMi y3arajibHeHi SK
TICeBIOHEIETEPMIHOBAHI KOHCTPYKITii.
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Ashok Kumar, Vinay Goyal
EARCT — CPEJA JJIS1 ABTOMATU3MPOBAHHOI'O ITOCTOAHHOI'O KOHTPOJIA ATEHTOB HA
OCHOBE PAHXXWPOBAHU A

TectupoBanue mynprHareHTHBIX cucteM (MAC) cnoxHasi 3a/a4a, TOCKOJIBKY 3TH CHCTEMBI SBIISIOTCS
TUCTPUOYTHUBHBIMH, CIOXHBIMH W aBTOHOMHBIMH TI0 CBOEH CYIIHOCTH. ATEHTHI CYIIECTBYIOT B OTKPBITON
cpene, UMEIOT CBOE MECTO M TpeOyIOT KOHTEKCTHOW KOMIIETEHTHOCTH. Takum o0Opa3om, B CBA3H C 3TUMHU
XapakTepUCTUKaMH areHToB, TecTupoBanne MAC ¢ MOMOMIBIO CYIIECTBYIOIIMX METOAOB SBISIETCS OYEHBb
PYTHHHOH pabOTON. ATEHTHI TaKKe CO3IAI0OT MPOOJIEMbl OTHOCHTEIHFHO KOMMYHHUKAIIMOHHBIX COOOIICHUHA 1
CEMaHTHYECKOH COBMECTHMOCTH, a TaKK€ CHHXPOHHM3AIWW C JIPYTMMH areHTaMH, CYHIECTBYIOUIMMH B
OKpyKaromeil cpene. Bce 3T 0COOGHHOCTH BHOCST CIOXXKHOCTH HE TOJNBKO B TNPOEKTUPOBAHUE H
MpOorpaMMHUpPOBaHUE, HO U B TeCTHUpOBaHUE. B 3TOl cTarbe Mbl npeamnaraeM co3aanue yHukaasHo EARCT
cpenbl s TectupoBarmsl MAC ¢ ydeToM HEOOXOIWMBIX TMapajurM pa3padOTKH IMPOTrPaMMHOTO
o0ecrieveHusl, TAKMX KaK 3aTpaueHHbIC yCWIHsS, OOHApY KEHHBIE OIUOKH U T.JI.

Aumon Muxaiinwk, Enena Muxaiinok, Anexceii llununuyk, Bnaoumup Tapacenxo
®OPMUPOBAHMUE JIMHI'BUCTUYECKOU OHTOJIOI'MU HA BA3E CTPYKTYPUPOBAHHOI'O
OJIEKTPOHHOI'O SHIMKIIONEANMYECKOI'O PECYPCA

Pemenne 3amaum  MHTENIEKTyanu3alMd  MHQOPMAIMOHHO-TIOMCKOBOH  JEATENBHOCTH  TpelyeT
MIPUMEHEHHs] BCIIOMOTATENbHBIX CHEIHAIN3UPOBAHHBIX JIMHIBHCTUYECKHX pecypcoB. OMHUM U3 TaKHUX
pECYpcoB MOXKET OBITh JTMHI'BHCTHYECKAs! OHTOJIOTHS MpeaAMETHOH obnactu. CTaThsl paccMaTpUBaeT MOIAXON
K OpraHy3aliy MPOrpaMMHBIX CPEACTB IJIS1 aBTOMAaTU3UPOBAHHOTO (OPMUPOBAHMS OHTOJOTHUYECKOH 0a3bl
3HAaHUHM IyTeM KOHBEPTALMH CTPYKTYPHUPOBAHHOI'O SHLUKIONEINYECKOr0 pecypca B COOTBETCTBYIOIIUE
00BEKTHl OHTOJIOTHH. PaccMmaTpuBaloTCst MpoUEenyphl CO3MaHHs MOHATUHHON 0a3bl OHTOJIOTHH, HEPapXUH
MOHATHH M CETH accOolMaTHBHBIX cBszed. [IpoBoauTcst mcciaenoBaHue Ka4eCTBEHHOIO M KOJIMYECTBEHHOTO
COCTaBa CJIOKUBILEICS SKCIIEPUMEHTAILHON OHTOJIOTUH HAa OCHOBE YKPAaMHCKOI0 cerMeHTa Bukunenun.

Mapuna Ilonaxkosea, Bukmop Kpwvinos, Hamanva Bonkoea
METO/I ITIOCTPOEHUMS YJIYUIIEHHBIX BEMBJIETOB ITYTEM ITPEOBPA3OBAHIS TPAGUKA
CTEIIEHHOU OYHKUWU AJIA 3BAAUYN KOHTYPHOU CEI'MEHTALIMN N30BPAXEHUIN

B nmanHol pabore pa3paboTaH METOJ TMOCTPOSHUS YIYYIICHHBIX BEHWBIIETOB JUIS 3a/la4d KOHTYPHOU
CETMEHTAIlNH N300paKeHUH My TeM MpeoOpa3oBaHus TpaduKa CTeleHHON (QyHKIIHH.

Dipak V. Patil, Rajankumar S. Bichkar
MHTEI'PAJIbHBINA S®PEKT ITOJATOTOBKU JAHHBIX U BIBOPKU JIJIS1 METOJA OBYUEHU
HA OCHOBE JIEPEBA PEILIEHUI HA TIPUMEPE BOJIbIIINX HABOPOB JIAHHBIX

PasBuTHe 1 HCHONB30BaHUE TEXHOJIOTHI BO BCEX cepax KU3HU MPUBOIUT K OTPOMHOMY POCTY NaHHBIX,
JMOCTYTHBIX I aHalu3a. bonbIoi 00beM JOCTYIHBIX 3HAHUI MOXET OBITh HCIIOJNIB30BaH JIs yIy4YIICHUS
mporiecca NPUHATHSA pemeHwid. [laHHBIe, coiepXamiue [IyMBl WM BBEIOPOCH CHIDKAIOT TOYHOCTH
KJIaCCU(PHUKATOPOB HA OCHOBE TaKWX Y4YeOHBIX AaHHBIX. [Ipomecc oOydeHUs] Ha OOJBIION BHIOOPKE AaHHBIX
CTaHOBHTCSI OUYE€Hb MEAJICHHBIM, KaK OH JOJDKEH BBIMOJHATHCS MOCIEAOBATEIbHO HA UMEIOMINUXCSA OOJIBIINX
BBIOOpKAx MaHHBIX. BBIIO JTOKa3aHO, YTO YMEHBIICHHE 00BheMa JAaHHBIX CIydaHBIM 00pa3oM, MOXKET OBIT
UCIIONIb30BAHO UI TIOCTPOCHUS ONTHMANBHOIO JepeBa pemieHuil. Takum 00pa3oM, MBI MOXKeEM
HWHTETPUPOBATh MPOLECCHl MOArOTOBKU JaHHBIX U METOJHMKY BBIOOpa NAaHHBIX IS MPEOAONeHUs mpobieM B
00paboTke OOJBIINX MACCHBOB JaHHBIX. B TpeiokeHHOW MeToAWKe cHadajda (MIBTPYIOTCS BBIOPOCHI,
YTOOBI TIOJMYYUTh YHCTHIE» JaHHBIC YIIYYIIEHHOTO Ka4ecTBa, a 3aTeM NMPUMEHSETCS CIyYalHBIH BHIOOD Ha
9TOH YHUCTOW BHIOOPKE NAHHBIX, YTOObI YMEHBIINTH AKTyaJbHYIO BBIOOPKY HAHHBIX. JTa COKpallcHHAas
BBIOOpPKA TAHHBIX UCIIONB3YETCS IS TOCTPOSHUS ONTUMAIILHOTO JiepeBa PelIeHNN.

OnbITH, MPOBEJEHHBIE HAa HECKOIBKUX BBHIOOPKAaX MAHHBIX [IOKA3alH, YTO MPEUIOKEHHAs METOIMKa
CTPOUT JIEPEBO PpEIICHHH C IMOBBIIIEHHONH TOYHOCTHIO KIACCH(HKALWU 10 CPAaBHEHHIO C TOYHOCTBHIO
KJaccu(UKaluyd Ha TOJHOM BBIOOpKE NaHHBIX. bmaromapst MCIONBb30BaHUIO (MIBTPOB KiIacCH(PHUKALNU
KaueCTBO JAaHHBIX YIy4YIIaeTcs W OTOOp MaHHBIX W3 BBIOOPKM YMEHbIIAeT ee pa3Mep. Takum oOpazom,
MIPEIOKEHHBI METO/ co3/1aeT OoJiee TOYHBIC W Oosiee ONTHMAaTbHBIC Pa3Mephl JIEPEBbEB PEIICHUH, U 3TO
TaKke I03BONSET M30eXaTh Takux NpoOJieM, Kak Ieperpy3ka OINepaTHBHOW MaMATH W Ipoleccopa
00JBIIMMH BBIOOpKaMH AaHHBIX. Kpome Toro, Bpems, HEOOXOAMMOE JUISA TIOCTPOSHHUS MOJIENIM Ha YHCTBIX
TMAHHBIX 3HAYUTETHFHO COKPAIIAeTCsl, 9TO 00ecreurnBaeT 3HAUNTEIHHOE YCKOPEHHE.
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Anmon Kabovtu, Braoumup I'onoeko
OBOBIIEHHA S MOJIEJIb OPT AHM3ALIMU B3AUMO/JIEMICTBHI B MYJIbTUT' ATEHTHOM
CUCTEME

B nanHo#i paboTe ommchIBaeTCS MOIENb I HAXOXKIIEHUS ONTHMAIIBHOTO TOBEICHHUS MHOTOAreHTHON
CTPYKTYPHI Uepe3 OpraHu3aIiiio B Hel ONTUMAJIbHBIX B3aUMOJIEUCTBUI MEXy areHTaMu. Mojieib BKIIoYaeT
JABC OCHOBHBIC TCXHHKH. MOILGJ’IB rpa(bos KoOpAuHaluK II03BOJIACT ABHO BBIPA3UTL 3aBUCHUMOCTH MCKAY
areHTaMH, 4TO TO3BOJSCT Pa3OUTh IEIEBYIO0 (DYHKIUIO MOBEACHUS B JHMHEWHYI0 CYyMMY WHIMBHYaJbHBIX
1eneBbIX QyHKIUHA. MoJenp OIeHKH BIMSHAN MO3BOJISIET OIEHWUTH BIMSIHHUS JPYTHX areHTOB Ha AEWCTBUS
Ipyr Apyra W Kak pe3yJbTaT MO3BOJSET WM KOOPIMHUPOBATH CBOHM JeiicTBus. B pabore mpuBeneHa
peaM3anus JaHHOW MOJICIA Ha OCHOBE OOYYCHHS C TMOAKPCIUICHUEM M JKCICPUMEHTAILHBIC PE3YJIbTaThI
MIPUMEHEHUS TaHHOW MOJICIIH.

Apmyp Boponuu, fpocnae Hukonaituyk, Braoumup I'naowk
®OPMUPOBAHME 1 OBPABOTKA DHTPOITMMHO-MAHHITY JIMPYEMbBIX CUTHAJIBHBIX
KOPPEKTHUPYIOIIMX KOJJOB B BECITPOBOAHbBIX CEHCOPHBIX CETAX

M3noxeHHast CUCTEMATH3allds TEOPETUUCCKUX OCHOB W AHAIMTHYECKUX BBIPAKEHUN OIICHKH MEp
sHTponmu. [lpuBeneHa XapakTepUCTHKAa CHUTHAIBHBIX KOPPEKTHPYHOIIWX KojoB mons [amya. Omnmcana
BO3MOXKHOCTh HCIIOJIb30BAHUS JHTPONMUIHON MaHWUMYJSIUN W CHUTHAIBHBIX KOPPEKTUPYIOMIMX KOJOB B
OCCIIPOBOHBIX CEHCOPHBIX CETAX. YCTAHOBIEHO, YTO DJHTOPOMUUHBIN TOIXOM IO MCIHOIH30BAHUIO
KOPPEKTUPYIOIINX KOAOB Tons [amya sBusercs HauOosiee A(PQPEKTUBHBIM W TEPCHCKTHUBHBIM IS
(hopMupoBaHus 1 00pabOTKM CHTHAIOB TIPH Nepeaade nHpopMauu B 0ECIIPOBOIHBIX CEHCOPHBIX CETAX.

Ceemnana Aumowiyx, /Imumpuii Maeeckuil
CTPYKTYPHBIM CUHTE3 JUHAMUYECKNX MTHO®OPMALIMOHHBIX CUCTEM

PaccMOTpeHBI TeopeTHYecKWe OCHOBBI M CO3/IaH  METOJ] CHHTE3a CTPYKTYphl JIHHAMHYECKHX
I/IH(l)OpMaHI/IOHHBIX CHCTEM CO CIIOCOOHOCTBIO K agantTaguy IMpyu HU3MCHCHHAX HpeIIMeTHOP'I 06J'IaCTI/I.
CriocoOHOCTh K aanTanui 00eceunBaeTCs 3a CUCT BBIACICHUS BAPUATUBHON YacTH arOPUTMOB CHCTEMBI,
KOTOpPbIC H3MEHSIOTCS MPU U3MEHEHHSX TPEIMETHON 00acTi. BapuaTuBHas 4acTh alrOpUTMOB XPAHUTCS B
Oaze JaHHBIX CUCTCMBI, UTO oOecreunBaeT ux 6I>ICTI)YIO 3aMCHY Y MOBBIIIACT HAAC)KHOCTHL CUCTCMBI Ha 3Tale
AKCIUTyaTallHY.

S.P.Khandait, R.C.Thool, P.D.Khandait
AJIATITUBHOE HEMPO-HEYETKOE Y HEMPOCETEBOE BbICTPOE PACIIO3HABAHUE
BBIPAXEHUS JIMLIA C UCITIOJIbB30OBAHUEM CURVELET OCOBEHHOCTE
Curvelet-npeoOpa3zoBaHusi SABISAETCS IEPCIEKTUBHBIM HHCTPYMEHTOM [UIL  MYJIBTH-Pa3pELIaroIero
aHanM3a M300pakeHUH. DTa CTaThsl MPEACTABIACT HOBBIM MOAXOA K PACHO3HABAHHMIO BBIPAKCHUS JIHLA Ha
OCHOBe curvelet-ocoOeHHOCTeH JOOBITEIX ¢ TOMOIIEI0 curvelet-mpeodpasoBanwmii. Curvelet-mpeoOpazoBaHus
MIPUMEHSIOTCS B 0a3e JaHHBIX M300paxeHui, u curvelet-kodhGUIUeHTH ObUTH MOYYCHBI I BEIOPaHHOTO
MacmTaba Juisg aHaiau3a u300paxeHud. Yeprel nmma B Buae curvelet-KodQQUIMEHTOB cxKaThie C
WCTIONb30BaHUEM TOAXO0Ja CHHTYJIApHOTO pasioxkeHus (SVD). Heiiponnsile cetn ¢ oOpaTHBIM
pacnpoctpanenueM omubOkun oOyuenus (BPNN) wu amantuBHas Heiipo-HedeTkas cuctema (ANFIS)
UCTIOJIL3YIOTCSI B KA4eCTBE KIIaCCU(UKATOPOB sl Kilaccu(UKAIIMK BBIPAKCHUN B OJJHOM M3 CEMH KaTeropui,
TaKMX KaK THEB, OTBpAIllEHHE, CTpaX, CYacTbe, HEUTPaJbHOCTb, MeYalb W HEJAOYMEHHE. DKCIHEPUMEHT
npoBoamics Ha 0aze maHHbBIX JAFFE. PesynbraTel skcrieprMeHTa MOKa3alld, YTO HOBBIM MOJIXOM SIBISETCS
Jy4IIMM BapUaHTOM Uil 1OOBIYM 3HAYEHUM 0COOEHHOCTEHN 1 Kiaccu(UKaluy BEIPAKESHUS JIUIIA.

bozoan Bonouuii, JIeonuo O3upkosckuii, Hzopv Kynux
METO/1 [IOCTPOEHU S MOJIEJIEN ITOBEJIEHU ST CJIOKHBIX CUCTEM HEMAPKOBCKOI'O
TUIIA B BUJIE TPA®A COCTOSHUN U IIEPEXO/IOB

OOBEKTOM PaCCMOTPEHHUS SBIISETCS MPOIIECC MOCTPOCHUS MOJIENICH MOBEICHUS JUCKPETHO-HETPEPHIBHBIX
CTOXaCTUYECKUX CHCTEM HEMapKOBCKOIO THIIA C IMOMOIIBIO MeToAa (a3 Dpianra. Ha 6ase 3Toro Meroma u ¢
HUCITIOJIB30BAHUECM YCOBepmeHCTBOBaHHOﬁ TCXHOJIOTUU MOI{CHI/IPOBaHI/ISI I[I/ICerTHO-HerepI)IBHI)IX
CTOXaCTUYECKUX CHUCTeM MapKOBCKOro THIIA pa3paboTaH METOJ| MOCTPOSHHUS MOJISNICH CIOXHBIX CHCTEM
HEMapKOBCKOTO THIa B BHJE rpada COCTOSHUIN M MepexojoB. Pa3pabOTaHHBIA METOA MPOWILIIOCTPUPOBAH
MIPUMEPOM aHAJIN3a CUCTEMBI MaCCOBOI'O 00CTYKHBAHHMS.
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HOpuiit Cemuuwiun, Hean Kynona, Hzopv Konocoeckuii, Anexcanop I'peunuxos, Illemp I'aitoa
PA3PABOTKA CUCTEMBI YIIPABJIIEHUS CEMAHTUYECKHUMU CETSAMU

PaboTa mocBsilmeHa CEMaHTUYECKUM CETSAM — CIOCOOYy TPECTaBICHHS 3HAHWW B BHAEC HaOOpa y3IIOB-
CyITHOCTEH OOBENWHEHHBIX C TIOMOIIBI0 pebdep-cBs3eil. OcymiecTBIeH 0030p HCTOPUU PAa3BUTHI U
COBPEMEHHOTO COCTOSHUSI CEMaHTHUECKUX CeTel, 000CHOBaHA aKTyalbHOCTH Mpobiaemsbl. OmucaHo mpouecc
MIPOCKTUPOBAHUS U Pa3pabOTKU CUCTEMBI YIIPABJICHHS CEMAaHTHUYCCKUMH CETSIMU: MPOCKTUPOBAHUE CTPYKTYP
JAHHBIX, pa3pabOTKy allfOPUTMOB CEMAaHTHUYECKOTO aHAlli3a TEKCTOB Ha YKPAWHCKOM S3bIKE, BBIOOD
ANTOPUTMOB BHU3yalU3aK Tpad)oBBIX CTPYKTYP JAHHBIX, PEalM3alliio MOJIb30BaTENbCKOT0 HHTEpdeiica B
Bune Web-npunoxenus. Pa3pabotanHasi cuctema SBISETCS IMOJHOCTHIO (DPYHKIIMOHATBHBIM CPEICTBOM
MIOCTPOCHUSI U UCCIEAOBAaHUS CEMAHTUYECKHX CETeH, MOATBEepAWiIa CBOKO A(M()EKTHBHOCTh M IOCITYKHT
0a30Bo¥i maThopMon A JaTbHEUITUX UCCIICIOBaHUH.

Bumanuii /leuoyx, Hean IOpuiiuyk, Poman IOpuituyk
CIIMHOBAA MOJEJIb [TOJJHOI'O OJHOPA3PATHOI'O CYMMATOPA HA DJIEMEHTAX ITEPECA
IlocTpoeHHass 4YETHIPEXCIIMHOBAs MOJENb OJHOPA3psSIHOTO cyMmMMaropa Juisi TBepaoTenbHoro SAMP
KBaHTOBOT'O KOMIIBIOTEpA U MPOaHATU3UPOBaHA KOPPEKTHOCTh €ro padOThl B 3aBUCHUMOCTH OT HapaMeTpOB
CHUCTEMBI. Y CTaHOBJICHO, YTO ISl YMCTBIX M CYINEPHO3UIMOHHBIX COCTOSHUHN, CyMMaTrop Ha 3JIEMEHTax
[lepeca koppekTHO cpabaThIBaeT 3a YeThIpe pP-UMITyJbca. [lomydeHbl onTuMalbHbIe 3HAUYEHUS TapaMeTPOB
0OMEHHOTO B3aMMOJICHCTBUA HAa OCHOBE aHanmm3a (YyHKIUA YETKOCTH W OIPEICICHO MaKCUMalbHOE
paccTosTHUE MEXTy KyOuTamu Juisi KOPPEKTHOU paboThl cyMMaTopa.

HOnus /Ipo3o, Anexcanop /[Apo3o, IOnuan Cynuma
ECTECTBEHHBIE PECYPCHI 1 UX NCITIOJIbB3OBAHUE JUUIS [TOBBILIEHW A
KOHTPOJIEITPUT'OJHOCTHN LIUPPOBLIX KOMIIOHEHTOB CUCTEM KPUTUYECKOI'O
IMPUMEHEHNW A

PaccmoTpeHs! MosieH, METOBI U CPEACTBA KaK LIeJIeBbIe PECYPCHI TS PEeLIeHHs 3a7a4d MPOEKTUPOBAHUS
U JAWArHOCTUPOBAHUS KOMIIBIOTEPHBIX CHCTEM M HX KOMIIOHEeHTOB. Ompenensercss KpuUTepHil BbliOopa
LIEJIEBBIX ~ PECYPCOB, AaKTHBUPYIOLIMX €CTECTBEHHbIE PECYpChl, HANpPABICHHBbIC Ha  IIOBBILICHUE
3G PEKTHBHOCTH pellieHnst 3aaad. PaccMoTpeHa mpobieMa HHU3KOH KOHTPOJICTIPUTOJHOCTA IH(POBBIX
KOMIIOHEHTOB CHCTEM KPUTHYECKOTO MPHMEHEHHUS, U MOKa3aHbl IyTH €€ PELICHUS MPH BHIOOpE LEJIEBBIX
pPECypcoB B COOTBETCTBHU C NMPEJIOKCHHBIM KpuTeprueM. OnucaH MyTh YCTPaHEHHUS MPOTUBOPEUUS MEKAY
LIEJIEBBIMU PECYypCaMM, HAIPaBICHHBIMH Ha OOECIIeYeHHE KOHTPOJICIPUTOAHOCTH, IPOU3BOAUTEIBHOCTH U
MaJIOH CJIOKHOCTH LHM(POBBIX KOMIIOHEHTOB. OTOT IIyTh OCHOBBIBAECTCS Ha pachapayieTUBaHUN
BBIYUCIICHUHN C UCIIOJIb30BaHUEM IIOCIIEI0BATEIBHBIX KOJOB.

Bnaoumup Jlysceyxuii, IOpuii bapviuies
OBOBIIEHAA KOHCTPYKIMA IICEBAOHEJETEPMUHUPOBAHHOI'O XEIIMPOBAHUA

Janas craTes MOCBsIIEHAa pPa3pabOTKe KOHCTPYKIWH XEUIMPOBaHHs, KOTOpPbIE OCHOBBIBAIOTCS Ha
KOHIICTIIIUY TICEBJAOHEICTCPMUHUPOBAHHOTO XCIIMPOBAHUSA. DTa KOHIICTIHS IMO3BOJSICT CO3JaBaTh XEIll-
(byHKIIMM C TIOBBIIICHHOW CTOWKOCTBHIO K KpHUNTOaHaIU3y. W mpeiokeHHbIe KOHCTPYKIIMH, U W3BECTHBIC
0000IIIeHBI KaK TICeBI0OHEIETEPMUHUPOBAHHBIE KOHCTPYKIIHH.
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Prepare your paper according to the following requirements:

Unconditional requirement - paper should not be published earlier.

(i)

(ii)
(iii)
(iv)
V)
(vi)
(vii)
(viii)

(ix)

(x)
(xi)
(xii)
(xiii)

Suggested composition (frame) of paper:

Issue formulation stressing its urgent solving; evaluation of recent publications in the explored issue

short formulation of paper’s purpose

description of proposed method (algorithm)

implementation and testing (verification)

conclusion.

Use A4 (210 x 297 mm) paper. Size of paper has to be extended up to 6-8 pages.

Please use main text two column formatting;

A paper must have an abstract and some keywords;

Place a full list of references at the end of the paper. Please place the references according to their
order of appearance in the text.

An affiliation of each author is wanted.

The text should be single-spaced. Use Times New Roman (11 points, regular) typeface throughout
the paper.

Equations should be placed in separate lines and numbered. The numbers should be within brackets
and right aligned.

The figures and tables must be numbered, have a self-contained caption. Figure captions should be
below the figures; table captions should be above the tables. Also, avoid placing figures and tables
before their first mention in the text.

As soon as you have the complete materials, the final versions should come electronically in MS
Word'97 of MS Word 2000 format to the address computing@computingonline.net.

A hardcopy of your article is needed to be sent by regular mail for our publishing house.

Please send short CVs (up to 20 lines) and photos of every author.

There is no other formatting required. The publishing department makes all rest formatting
according to the publisher’s rules.

Journal Topics:

Algorithms and Data Structure
Bio-Informatics

Cluster and Parallel Computing, Software Tools and Environments
Computational Intelligence

Computer Modeling and Simulation

Cyber and Homeland Security

Data Communications and Networking

Data Mining, Knowledge Bases and Ontology
Digital Signal Processing

Distributed Systems and Remote Control
Education in Computing

Embedded Systems

High Performance Computing and GRIDS
Image Processing and Pattern Recognition
Intelligent Robotics Systems

Internet of Things

Standardization of Computer Systems
Wireless Systems
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OCHOBHI BUMOTH 10 IOAAaHHS 1 0OpMIICHHS MyOiKamiid HayKoBoro xypHaiy “Kommn’roTur’”:

Be3yMOBHOI0 BUMOIOIO € T€, 100 CTATTS He 0yJia ony0JikoBaHa paHinie!

(M)

(i)

(iii)
(iv)

(v)
(vi)
(vii)
(viii)
(ix)
(x)

(x1)
(xii)

(xiii)

(xiv)

(xv)

HaykoBi cTaTTi TOBHHHI MaTH TakKi HEOOXIIHI €JIEMEHTH:

MOCTaHOBKA MPOGIIEMH Y 3aralibHOMY BHIIISIIL Ta 1i 3B’5I30K 13 BYKIMBUMA HAYKOBUMU YU MIPAKTHIHIMH
3aBIAHHSAMU,;

aHaJIi3 OCTAaHHIX JOCIIIKEHb 1 MyOJTiKaIlii, B IKUX 3aII09aTKOBAHO PO3B’SI3aHHS JaHOI ITpobiIeMH 1 Ha sIKi
CIIUPAETHCA aBTOP, BUALICHHS HEBUPIIICHNX PaHIIIe YaCTHH 3arajibHOI MPoOIeMH, KOTPUM IPUCBAIYETHCS
O3HaYeHa CTATTSI;

(dbopMmyroBaHHS ITiIeH CTAaTTi (MOCTAHOBKA 3aBaHH);

BUKJIa/I OCHOBHOTO MaTepiajy JIOCIiPKEHHS 3 TIOBHUM OOTPYHTYBaHHSIM OTPHUMaHHUX HAYKOBUX PE3yJIbTaTiB;
BHUCHOBKH 3 JJAHOTO JIOCHIIKCHHS 1 MEPCIIEKTUBY MMOAAJIBIINX PO3BIJOK Y TAHOMY HAMPSIMKY.
Bukopucrosyiite A4 (210 x 297 mm) ¢opmar cTopiHku. 3arajJbHUN pO3Mip CTAaTTi Mae MICTUTH 6-8
CTOPIHOK.

BukopuctoByiiTe 1BOKOJIOHKOBE (hOpMaTyBaHHS OCHOBHOTO TEKCTY;

CrarTs TOBHHHA O0OB’SI3KOBO MICTHTH OCHOBHHMH TEKCT YKpPaiHCHKOIO MOBOIO, aHOTAII0 (HANUCaHy Ha
AHTIIACHKIHN 1 YKpaTHChKiH MOBaX) 1 CIIUCOK KJIFOUYOBHX CIIiB;

B KiHIIi CTaTTi PO3MICTITh CITUCOK JIiTepaTypH. Po3MilllyiTe CIIMCOK JIITepaTypH B MOPSIKY il MUTYBaHHS.
Heo6xinHoto € iH(opMallis PO HAYKOBi 3BaHHS, TUTYJIHX Ta IIOCAIH aBTOPIB.

TekcT moBuHEeH OyTH HaOpaHWM OJMHAPHUM IHTEPBAJIOM i3 BUKOpHcTaHHAM mpudTty Times New Roman
(11 points, regular).

DopMynH MOBUHHI BIAJUIATUCH BiJi OCHOBHOTO TEKCTY MYCTUMH CTpiYKaMH a TaKOXX MPOHYMEPOBaHi y
KpYDJIMX JTy’KKax Ta BiAIIEHTPOBAHI 10 MPaBOMY Kparo.

Tabmuii 1 pUCyHKH TTOBHHHI OyTH MPOHYMEPOBAHWMHU. 3ar0JIOBKH PUCYHKIB PO3MIMIYIOTH ITiJ] PUCYHKOM
0 LIEHTPY. 3aroJOBKH TaOIUIb PO3MILLYIOTh [0 LEHTPY 3BepXy TaOIHULI.

3aBepIieHi Bepcii craTel NOBUHHI OyTH HajiclaHUMU B enekTpoHHOMY MS Word’ 97 abo MS Word 2000
(dhopmarti 3a agpecoro computing@computingonline.net.

[Ipocumo HaaCUIaTH MOMITOIO PO3APYKOBAH1 KOIii cTaTel.

B kiHmi koHOI cTarTi MOTpiOHO mojatyu ii Ha3By, pe3toMe (aOCTPaKT) i KJIIOYOBI CIOBa aHIIIHCHKOIO
MOBOIO.

[Ipocumo HaacumaTy HaM KOpoTKi Giorpadiuni nani (o 20 psaakiB) 1 ckaHoBaHi GoTorpadii KOXKHOTO i3
aBTOPIB.

BunmaBHUNTBO 371liCHIOE OcTaTOYHE (hOpMATYBaHHS TEKCTY 3TiJHO 13 BUMOTaMH JPYKY.

VY 3aKOpAOHHUX YUTAYiB MOKYTh BUHHKHYTH IPOOIIEMH NP 03HAHOMIICHHI 3 MPaIlsIMHU HA POCIHCHKil Ta
YKpaiHCBKii MOBax. B 3B’SI3Ky 3 IIMM penakiiifHa KOJETis MPOCHUTh aBTOPIB JOIATKOBO MPHUCIATU
po3mmpeHuii pedepar (pesrome), MO0 O MICTHIO JBI CTOPIHKA TEKCTY AaHTIIIHCHKOIO MOBOIO, 1
CYIPOBOKYBAIOCH 3arOJIOBKOM, MpI3BHINAMH Ta agpecaMH aBTOpiB. ABTOpaM pEKOMEHIYETHCS
BUKOPUCTOBYBAaTH y PHCYHKaX CTaTTi IMO3HAYCHHS IICPCBAXKHO AaHMIIHCHKOIO MOBOIO, abo0 JaBatu
nepexsian y Iyxkax. Tofl y po3LIIMpeHOMY pe3loMe MOKHA Oyie IMMOCHIIATHCS HA PUCYHKH Y OCHOBHOMY
TEKCTI.

TemaTHKa XKypHaly:

AJNTOPUTMH Ta CTPYKTYPH AaHUX
Bio-indopmaruka

Kractepni Ta napasnesbHi 004HCICHHS, IPOrpaMHi 3ac0o0M Ta cepeIoBHUILE
OGuucCIIOBaNbHHUIN HTEIEKT

Komm’roTepHe Ta imiTaliitne MOJCTIOBaHHS
KiGepHeTnyHa Ge3meka Ta 3aXHCT BiJl TEPOPUMY
OOMiH TaHUMU Ta OPTraHi3allis Mepex
BupmoOyBanHst JaHux, 634 3HaHb Ta OHTOJNOTIT
Mudposa 06pobdka curuamis

Po3nopineni cucremMu Ta JUCTaHLIHHE YIPaBIiHHSI
OcBiTa B KOMIT'IOTHHTY

BOynoByBaHi cucteMu

Bucoxonponykrusai obuncnensas ta ['P1]
O6pobka 300pakeHb Ta po3Mi3HaBaHHsI [1a0JIO0HIB
[HTenexTyanbHi poOOTOTEXHIUHI CUCTEMHU
Inrepuer peueit

CranmapTH3arist KOMI I0TePHUX CHCTEM
BesnpoginHi cuctemu
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OcHoBHbIE TpeOOBaHMS K Mojaue 1 opopMIeHHUIO MyOIMKauil HayqYHOTO KypHaia “KoMIbloTHHT:

Be3ycaoBHOE TPeOOBaHHE — YTOOLI CTATHS He OLLIA ONYOJINKOBAHA paHee!

(M)

(i1)
(iii)
(iv)
(v)

(vi)
(vii)

(viii)
(ix)
(x)

(x1)
(xii)

(xiii)
(xiv)

(xv)

HayuHnbie cTaThul JOIDKHBI IMETh TaKHe HEOOXOIUMBIE AIIEMEHTHI:

MOCTaHOBKA POGIIEMBI B OOIIEM BHIIE H €€ CBSI3b C BA)KHBIMH HAYYHBIMH HJIM IPAKTHYCCKAMH 331a9aMH;
aHAJM3 TOCIICIHUX UCCIICIOBAHMUI 1 ITyOIMKaLiii, B KOTOPBIX HAYaThl PEIICHHS JAHHON NPOOIeMBI U Ha
KOTOPBIC OIMPAETCS aBTOP, BBIACICHHIE HEPEIICHHBIX IPEX/Ie YacTell 00mIeil mpobieMbl, KOTOPHIM
HOCBSIIACTCsI 0003HAYCHHAS CTAThS,;

(dbopmynpoBaHue 11ej1ei cTaThu (IOCTAaHOBKA 3a/1a4a);

HN3JI0KCHUEC OCHOBHOI'O MaT€puaia UCCICAOBaHUA C IMOJHbBIM 06OCHOBaHl/IeM TMOJYUYCHHBIX HAYYHBIX
pe3yJbTaToB;

BBIBOJIbI U3 JAHHOI'O MCCIICAOBAHUA U MCPCICKTHUBLL [laﬂ]:-HelelldX U3bICKAHUH B JaHHOM HaIpaBJICHUU.
Ucnonw3yiite A4 (210 x 297 mm) popmat crpanuibl. OOmuil pa3mep cTaTbu 6-8 CTpaHUIL.

HcnonpayiiTe TByXKOIOHOYHOE (POPMATHPOBAHIE OCHOBHOTO TEKCTA;

Cratbsl JOIDKHA 0053aTENBFHO COJEPIKaTh OCHOBHOM TEKCT Ha PyccKoM si3bIKe, aHHOTANUIO (HATUCAHHYIO
Ha AHTJIMACKOM U PyccKOM sI3bIKax) U CIIMCOK KITFOUEBBIX CJIOB;

B koHIE cTaThM pa3MecTHUTE CIHCOK JHUTEPaTyphbl. PasmemnialiTe CHMCOK JHUTEpaTypbl B HOPSIOKE €e
OUTHPOBAHNS.

HeoOxoanma nHpOpMaIus 0 HayYHBIX 3BAaHUAX, TUTYJIAX U JTOJDKHOCTSAX aBTOPOB.

TekcT AomKeH OBITh HaOpaHHBIM OJMHAPHBIM HWHTEPBAJIOM C HCIOJb3oBaHWeM mmpudTa Times New
Roman (11 points, regular).

DopMyIIBI JOKHEI OTIEIATHCS OT OCHOBHOTO TEKCTA IyCTHIMU CTPOKAMH, a TAKKE IPOHYMEPOBAHHBIC B
KPYTJIBIX CKOOKaX M OTLIEHTPOBAHHEIC IO IIPABOMY Kparo.

TaOmumpl ¥ PUCYHKHA AOIDKHBI OBITH MPOHYMEPOBAHHBIMH. 3arojOBKA PHUCYHKOB pPa3MEIIAIOT IO
PHUCYHKOM IO HEHTPY. 3ar0J0BKU TaOJIHIl pa3MEIAIOT MO ICHTPY CBEPXY TAOIHIIBL.

3aBepLICHHBIC BEPCUM CTAaTCH MOJDKHBI OBITH MpHCIaHBl B 3ekTpoHHOM MS Word'97 mnmu MS Word
2000 dopmate o aapecy computing@computingonline.net.

[IpocuM mpuCHLIATE pacliedaTaHHbIC KOMUK CTAaTeH Mo modTe.

B xoHIle ka0l cTaTbu HEOOXOJMMO MPEJOCTaBUTh €¢ Ha3BaHHE, pe3toMe (abCTpakT) U KIHOYEBBIE
CJIOBA Ha aHTJIMHCKOM SI3BIKE.

[IpocuM mpuCEUIaTE HAM KOpPOTKHE Oworpaduueckre naHHble (M0 20 cTpouek) M CKaHHPOBAHHEIC
(dhoTorpaduu KaKIOro U3 aBTOPOB.

W3natenbCTBO OCYIIECTBIISICT OKOHYATENFHOE (OPMAaTHPOBAHHUE TEKCTa B COOTBETCTBHH C TPEOOBAHUSIMU
TICYaTH.

VY 3apy0exHBIX YUTATENCH MOTYT BO3HHKHYTH MPOOJIEMBI MTPH O3HAKOMJICHUH C TPYAaMH Ha PYCCKOM U
YKPAaMHCKOM sI3bIKax. B CBS3M ¢ 3TUM pEOakIMOHHAS KOJUICTHS IMPOCHT aBTOPOB JOIOIHHUTEIHEHO
MpUCIIaTh PACIIUpeHHBIH pedepaT (pe3roMe), KOTOPHIA comepkaid OBl IBE CTPaHHUIBI TEKCTa Ha
QHIJIMACKOM SI3BIKE, W COIPOBOXKIAJNCS 3arojoBKOM, (GaMIJIMAMU M agpecaMd aBTOPOB. ABTOpaM
PEKOMEHJIyeTCsl HMCIIONB30BaTh B PUCYHKaX CTaTbd O0O3HAUEHMs MPEHMYIIECTBEHHO HA AHTIHHCKOM
SI3BIKE, WIN JaBaTh IEPEeBOX B CKOOKax. Torna B pacmIMpeHHOM pe3foMe MOXHO OyJeT MOCHIIaThCS Ha
PUCYHKH B OCHOBHOM TEKCTE.

TemaTuka xypHana:

AJITOPUTMBI U CTPYKTYPBI JaHHBIX

Bro-undopmarnxa

Knactephsle n napauiebHbIe BEIYUCICHNS, IPOTPAMMHBIE CPEACTBA U CPEIIBI
BoruncnurenbHbIi HHTEIEKT

KoMmnbroTepHOE 1 MMUTAILIMOHHOE MOAEIUPOBAHNE
KubepHernueckast 6€30macHOCTb ¥ 3alliTa OT TEPPOPH3Ma
OOMeH TaHHBIMHU U OpTaHH3aIHs ceTeil

JloObr4a aHHBIX, 6a3bl 3HAHUH M OHTOJIOTHH

Hudposas 06paboTka CUTHAIOB

Pacripenenennble CHCTEMBI M AUCTAHI[HOHHOE yIIPaBIECHNUE
O0pa3oBaHKe B KOMITBIOTHHIE

BcerpanBaemblie crcTEMBI

BricokonpousBogurenbable Borauciaenus 1 I'PUJ
O06paboTka H300paKeHNH U pacio3HaBaHUE MIa0JIOHOB
HHTtennexryanbHble pOOOTOTEXHUUECKUE CHCTEMBI
WuTepuer Beweit

CraniapTH3aiys KOMIIBIOTEPHBIX CHCTEM

BecnipoBozHbIe cCHCTEMBI
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