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FOREWORD

Dear Readers,

It’s my pleasure to welcome all of you to the
International Journal of Computing, Issue 2, 2012
which is celebrating the 10th anniversary. It is a
tribute to the Editorial Board, the reviewers and the
authors who have made the untiring effort to provide
a success for the 1JC.

There are some achieves for the 10 years way:
the 1JC is ranked by the Ukrainian government in
2003 as a Professional Journal, and it was re-ranked
in 2010. Since 2010 the 1JC is issued quarterly, and
its content is published in the three languages:
English and Ukrainian and Russian. The Journal has
a good link with the IEEE Conference on Intelligent
Data Acquisition and Advanced Computing Systems
www.idaacs.net and some other IEEE Conferences
and Workshops publishing their selected papers
within the 1JC Special Issues. The Journal is

distributed in Europe, North America, Asia and
Africa and we have a stable cooperation with
numerous Universities there.

In this Issue we collected regular papers which
reflect the most of the 1JC topics. Meantime | would
like to thank very much the reviewers of regular
papers.

We are always looking for ways to improve the
Journal, so please give any suggestions about
improving the 1JC and we will consider that.

Thank you for your interest and support.
Enjoy this Issue of the 1JC!
Editor in Chief

Anatoly Sachenko

Anatoly Sachenko
International Journal of Computing
Editor-in-Chief
Research Institute of Intelligent Computer Systems
Ternopil National Economic University
3 Peremoga Square
Ternopil 46004 Ukraine
Phone: +380352-475050 ext.12322

Fax:

+380352-475053 (24 hrs.)

as@tneu.edu.ua
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SELF-ORGANIZING MAP BASED VISUALIZATION TECHNIQUES
AND THEIR ASSESSMENT

Miki Sirola, Jaakko Talonen

Aalto University, Department Information and Computer Science, PO Box 15400, Finland
Miki.Sirola@tkk.fi, users.ics.tkk.fi/miki, Jaakko.Talonen@tkk.fi

Abstract: Our research group has been studying data-analysis based techniques in decision support and visualization.
We had a long industrial research project in co-operation with a Finnish nuclear power plant Olkiluoto. We developed
many decision support schemes based on Self-Organizing Map (SOM) method combined with other methodologies. Also
several visualizations based on various data-analysis methods were developed. Data from the Olkiluoto plant and
training simulator was used in the analysis. In this paper some of these visualizations are presented, analyzed, and
assessed with a psychological framework. Measuring the information value of the visualizations is a real challenge. The
developed visualizations and visualization techniques are also compared with some existing visualizations and
techniques in current plants and research laboratories. The visualizations and the visualization techniques are
developed further, and completely new visualizations and techniques are developed. We point out what additional value
the new visualization techniques can produce. A detailed test case of using Self-Organizing Map (SOM) method with
Olkiluoto plant data is presented. With this practical example the information value of this method is shown, and it is
also pointed out how it can be assessed, and what are the most reliable criteria in this assessment.

Keywords: self-organizing map; data analysis; neural methods; visualization.

1. INTRODUCTION methods and tools for helping decision support in
the nuclear field. Visualization is an important part
of this research. Many tools and methods could be
easily generalized or modified to other application
areas as well.

Process failure detection with complex data
analysis methods is a widely studied research area.
Also about process presentation and visualization
other studies are made. For instance, in the nuclear
field [2] and other industrial branches [3], [4] many
techniques have been developed. Decision support
visualizations [5], [6] are also presented in the
literature.

In this paper, we study the use of the self-
organizing map [7] in visualization of process data
in dynamic systems. Also user interface and
visualization assessment are discussed. Assessment
criteria are presented and compared. In a case
example with the Olkiluoto nuclear power plant
data, we show the information value of the method
also in more practical sense. Two data sets from the
same transient event are studied: one from the
turbine section and one from the reheater section of
the plant.

The visualization in process industry is a tricky
issue. The need for presenting the information
content in the control rooms has changed along the
developing technology and with time. In nuclear
industry, many modernization projects have been
carried out. For instance, wide monitoring screens
set up many new requirements for the presentation
techniques, and open new possibilities as well.

Early fault detection is an important research
issue in the nuclear industry. The earlier the
abnormal behaviour in the process is detected, the
better possibilities there are to identify the problem
in time and handle the recovery procedure properly.
We have developed tools for helping operators in
their work, and to help experts to understand better
different phenomena in the process [1].

Prototyping has been one important research
methodology used in our research group. In many
prototypes a neural method self-organizing map is
used and combined with other more or less
traditional methods [1]. We have also done
traditional data analysis with nuclear power plant
data and training simulator data, and developed
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2. SELF-ORGANIZING MAP IN DYNAMIC
SYSTEMS

Self-organizing map (SOM) is an effective
method in neural computing for the analysis and
visualization of multidimensional data. The SOM
algorithm [7] resembles vector quantization (VQ)
algorithms. The difference with regard to VQ
techniques is that the neurons are organized on a
regular grid and along with the selected neurons also
its neighbours are updated. The SOM performs an
ordering of the neurons. The SOM is a
multidimensional scaling method projecting data
from input space to a lower, typically 2-dimensional
output space.

A SOM consists of neurons organized in an
array. The number of neurons may vary. Each
neuron is represented by an n-dimensional weight
vector, m = [m1, ... , mn], where n is equal to the
dimension of the input vector. The neurons are
connected to adjacent neurons by a neighbourhood
relation, which defines the structure of the map.
Rectangular and hexagonal neighbourhoods are the
most used topologies.

The SOM is trained iteratively. In each training
step, one sample vector x from the input data set is
chosen randomly and the distance between it and all
the weight vectors of the SOM are calculated using
some distance measure. The neuron ¢ whose weight
vector is closest to the input vector x is called the
Best-Matching Unit (BMU):

I = mef = mindx — mif} (1)

where || . || is the distance measure.

Since BMU is found, the weigh vectors of SOM
are updated so that the BMU is moved closer to the
input vector in the input space. The topological
neighbours of the BMU are treated in a similar way.
The adaptation procedure stretches the BMU and its
topological neighbours toward the sample vector.
The SOM update rule for the weight vector of the
unit i is:

mi(t +1) = mi(t) + ha(@O[x) —mi()]  (2)

where t is time. The x(t) is the input vector randomly
drawn from the input data set t and hci(t) the
neighbourhood kernel around the winner unit ¢ at
time t. The neighbourhood kernel is a non-increasing
function of time and the distance of unit i from the
winner unit c. It defines the region influence that the
input sample has on the SOM.

Originally the SOM algorithm was not designed
for changing time. The SOM is able to analyze
ideally only static data sets. Many attempts to use

the SOM method in the analysis of dynamic data
have been done. It has been used in many time-
related problems especially in process modelling and
monitoring. These issues are discussed for instance
in [8].

One possibility to describe dynamical behaviour
is the visualization of trajectories, which link
together the adjacent winner neurons (BMU) in the
SOM grid. The SOM trajectories have such features
as linked BMUs, where each BMU represents a
certain instant of time. The operator can learn to
adjust the control variables according to the visual
impression so that the process stays in the desired
regions of the map.

An example of using trajectory expression in a
dynamic system is in Figure 1. Here the trajectory of
the U-matrix shows visually how an imaginary
accident scenario proceeds in a nuclear power plant.
The data come from the Finnish Olkiluoto nuclear
power plant training simulator. In normal operation
the trajectory stays in a certain region in the U-
matrix, but when the transient becomes big enough
the trajectory moves out to another region. In the
example of Figure 1 there is a leak in the main
circulation. Different scenarios are somewhat
separable in the U-matrix [9].

Fault in pressurizer

Mormal state
Leak in main circulation

Rapid closure of
main circulation
valve

Rapid closure of
pressurizer valve

State U-matrix

Fig. 1 — Dynamical behavior in the process is show by
U-matrix trajectory

More examples about handling spatio-temporal
problems with the SOM method are written in [1]. In
section V we go through an industrial case example
where the SOM method is used with data from a
Finnish nuclear power plant.

3. USER INTERFACE AND
VISUALIZATION ASSESSSMENT

In control room various things need to be shown
to the operator. Typical displays in the control rooms
of process industry are such as process chart, task
display, trend chart, alarm list, event display, report
chart, sequence display, maintenance display and
diagnostic display [10].
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In many psychological studies operators decision
making is looked from several points of view. In
cognitive ergonomics, the model of operator
decision making is defined by the following steps:
activation, detection, recognition, interpretation, task
definition, selection of performance rule and task
realization [10].

The situation awareness of an operator may be
restricted by attention reduction, limitations of short
memory, work load, threat, fatigue, stress,
information overload, complexity, flaw mental
model, out of the loop, etc. The requirements for
process control are based on dynamical issues,
complexity issues and uncertainty issues. The state
properties are physical, social and virtual. [10]

Assessment is a part of the design process. To
ensure that the ergonomic requirements are taken
into account, following things are concerned:
systematic approach, ergonomics part of the
interdisciplinary design process, operation concept
as design core, assessment enabling iterative
operations, and user organization participation.

There are certain principles to the coherence and
recognition in the displays. Functionality is one
property in visual expression. The functionalities
between human and computer can be divided
according to security criteria, competence, cognitive
and affective criteria, tasks, etc. The displays should
be clear and readable, and adequate.

Assessment is done in many phases in the design

process. Important assessment  criteria are
compatibility, information  clarity, situation
awareness, controllability, mental load, support

group work, understandability, error density, limit
marginal, and the structure of control room [10].

Commonly used assessment methods are “walk
through” and *“talk through” observation. Other
methods are such as expert opinion, experimental
methods, physical measurements, assessment of
alteration, and paper and pen techniques: ergonomic
check lists, use of history data, task analysis and
qualitative reliability analysis.

Commonly accepted principles in the assessment
are: verification and validation should be part of the
design process, importance of preplanning, realistic,
coverage, availability of assessment material,
expertise;  practical,  systematic, and  well
documented methods, quantitative methods when
possible, and documentation. [10]

Detailed requirements of displays are defined in
standards. Alarm handling is one special case. Risk
analysis is one method used. Safety in abnormal
situations is very important.

Basic criteria for usability are productivity,
efficiency and pleasure [11]. Five quality
components are defined as learning, efficiency,
memory, error rate, pleasure and profit. Availability,

attractiveness, ease of use, accessibility, user
experience and use experience are also important.

Ten usability heuristics are defined as [11]:
Visibility of system status, match between system
and the real world, user control freedom, consistency
and standards, error prevention, recognition rather
than recall, flexibility and efficiency of use, aesthetic
and minimalistic design, user help in recognition,
diagnose and recover from errors, help and
documentation. These heuristics are not used in our
examples, unless they overlap with the other criteria
mentioned in this paper.

The measurement of usability is based on
satisfaction, learning, remembering, errors and
efficiency. In addition conservation, flexibility,
tiredness, concentration and various positions can be
measured.

A user interface can be consistent or innovative.
The assessment can be done by cognitive methods,
scenario based or by empirical testing.

In assessment the following things are checked:
observable options, understandability, data ordering,
data consistency, control equipment, interaction,
performance and load, acceptability, assembly and
connectivity, other information and guidance.
Assessment tools are tools for testing, checking,
requesting, modeling and simulation. Automation of
assessment is difficult.

4. ASSESSMENT CRITERIA AND THEIR
COMPARISON

Some assessment criteria have been listed already
in the previous section. In [12] is defined a
comprehensive “placeness profile”, which includes a
large amount of user interface properties. Part of
them can be considered as criteria for user interface
and visualization assessment as well. Three types of
control room concepts (or metaphors) are used:
illustrative control room, interactive control room
and boundless control room.

In [12] there are defined more than fifty
properties, but here we concentrate on only the most
interesting ones. We have picked up real-time
information, trend information, illustration of
parameter relations, some criteria about transients,
predictive information, history of events, monitoring
and set point criteria, accuracy and feedback of
operation, spatial relations, multi-unit connections,
remote operations, allocation of tasks and
operational experience for our analysis. Some of
these properties and criteria are paid more attention
than the others. These properties and criteria partly
overlap with the criteria mentioned already in the
previous section.

In Figure 2 is seen a component plain
representation of a trained SOM in a leak scenario,
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where the process starts in normal state and progress
to partial reactor shutdown state. The component
planes are corresponding (a) normal state, (b)
leakage state, (c) partial reactor shut down state, (d)
reactor shutdown state, and (e) progress. Dark colour
on a shell indicates high component value. The
trajectory depicts a sequence of observations from a
data set from Finnish nuclear power plant Olkiluoto
training simulator mapped on the SOM. This
example is presented more in detail in [1].

(e)

Fig. 2. — Our visualization where a trajectory shows
the dynamical behavoiur in a SOM map

Reflecting our visualization example against the
defined assessment criteria, it can be noticed that
certainly general criteria information clarity and
understandability are wvery important. Also
compatibility, error density and limit marginal make
sense. If the operator is familiar with this concept,
this visualization also increases the situation
awareness. On the other hand it is very difficult to
estimate the mental load or the structure of the
control room, which need completely different
methods and tools to be measured.

From the placeness profile properties the most
interesting ones for the example are real-time
information, transients, predictive information,
history of events and monitoring. The rest of the
criteria are here for less interest. The placeness
profile as a whole could be considered as one
potential psychological method to be used in the
assessment of SOM visualizations in general, and in
production of some kind of measurement framework
for this purpose as well.

5. USING INDUSTRIAL DATA IN A CASE
EXAMPLE

In our newest research, real data from the reactor
unit 1 of Olkiluoto nuclear power plant (NPP) have
been used. In April 2009, more than 700 signals
were stored, every tenth second. In a six-hour
period, a change in a valve position was performed.
Changes of the process signals in the reheater
section and other parts of the NPP were captured in
the recorded data. In this example, signal
measurements at the main pipelines of turbine
section (413x) are analyzed. These signals are
located after the reheater. The position of the control
valve at the reheater was changed. At 8 — 10 p.m.
process was controlled manually, at 10 — 12 p.m.
after the first part of the measurements the process
was stabilized. Then the control valve was opened
for two hours.

In this example it is shown how to use the SOM
method to observe changes between the process
signals. Which are the signal values in each state?
Which signals depend on the others? In the variable
selection phase, all signals from the turbine section
were selected, totally 42 signals. In our visualization
10 signals were selected from the turbine, see Table
1 and Figure 3.

Table 1. Explanation for the Signal Measurements and
Their Units in the Turbine Section

Signal name |Explanation Unit
413K567 steam temperature before reheater 1 |C
413K568 steam temperature before reheater 2 |C
413K576 water pipes C
413V501 valve position %
413V5050M |control piston position %
413V513 control piston position %
413K573 water pipes C
413K574 water pipes C
413V5010M [control piston position %
413V503 valve position %

The effect of the control valve test in the reheater
part is visualized by SOM component planes. Signal
dependencies can be examined. Roughly, it seems
that the steam temperatures before the reheater are
negatively correlated with the control piston and the
valve positions. However, the control piston position
413V513 correlates positively with temperatures.
The component planes show the limits for current
process signal values.

The visual inspection of the U-matrix and
labeling is shown in Figure 4. From the U-matrix
visualization, it can be seen that there are essentially
three clusters: manual control, the first hour of
stabilization period and in the same cluster the
second hour of stabilization, and when the control
valve is open.
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Lahels
413KERT[] 4713K5RE[C] LI-hiatri 204 eaea
Zrd 279 ‘Gaa
’ Hzaa ' Hzaa oeeoeeee
: 257 : Za0 1.08 ‘0““‘0
413K5TE[C] 413%501[%] ““
217 g6.3 ‘a‘a“‘a
5 203 ’ T aaaaaaaa
y Moo
- - S0M 13-Jun-2011
i i
41 3VE050M%] 413%513[%] Fig. 4 — In the labels, m: the process was controlled
sy 38 manually, o: the control valve is open, 1: the first hour
of the stabilization period, and 2: the second hour of
the stabilization period. The U-matrix reveals that the
’ i i process states ‘m’, ‘1’ and ‘2 & o’ are clustered very
clearly
Interesting remarks are that variable 413K573 has
the lowest values when the control valve is open or
e A controlled manually. Signal 413V513, control
piston, and temperatures before the reheater get the
#lanaraft] i i - highest values when the control valve is open.

x A similar study has been carried out for the
reheater section. In the variable selection phase all
signals from the reheater section were selected,

227 186 totally 125 signals. In our visualization eleven
signals were selected from the reheater area and
three were selected elsewhere for the analysis, see

- i Table 2.

i d Table 2. Explanations for the signal measurements
4713V5010M[%)] 413V503[%) and their units in the Reheater Section

ar.z g6.3

’ '412K571 ‘temperature after 412723’ 'C'
'412K584' 'steam temperature before V5' 'C'
'412K576' '412T22 emergency dump 'C'

764 775 V22
'412K466' 'level 412T15' "%’
'412K720' 'V312 position' %'
'412K301' '412T9 and 445T302 flow' 'kg/s'

j g £ e '412K490' 'level 412T15' "%’
'412K188' '412T11 pressure' '‘BAR G'

. . . . '412K705' 'V41 position’ ‘%'
Fig. 3 - In the turbine section 10 process signals were U12KE1TD'  'rate oF:‘ change 412E1 phase 2 'C/MIN'
monitored. Denormalized scales are shown on the , . L ,
- . 412K513D rate of change 412E2 phase 1' 'C/MIN

right side of the component planes '431K457°  'condenser 431E1 level 'm'

'431K551 ‘condenser 431E1 'C'

temperature'
'413V501xM"'  ‘average of piston positions’ %'
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The control valve test in the reheater part did not
affect to the reactor pressure and steam flows. They
are situated before the reheater and many other
process parts. The condenser is located after the
reheater and before the reactor. Three signals shown
in the last rows of Table Il were selected, because
signal measurements are after the reheater. Last
signal is derived from the redundant measurement.
Four measurements are averaged. Next step in the
analysis is the visual inspection of the U-matrix,
component planes and labeling, see Figure 5.

From the U-matrix visualization, it can be seen
that there are essentially three clusters (process was
controlled manually, the stabilization period and the
control valve is open). The component planes show
the limits for current process signal values. Also
'412K571", '412K584" and '412K576" in the reheater
part have high linear correlation with the condenser
and the vacuum system part signal '431K551". Other
interesting remark is that another variable '431K457
from this area has the highest values in the end of
the stabilization period. In other words, the level of
the condenser is the highest after four hours the
experiments were started, although the highest
temperature was detected at the end of the
experiments.

More exact analysis can be done by the principal
component projection, see Figure 6. For example,
'412K466' and '412K490' get higher values when the
control valve is open than when it is controlled
manually.

Both data sets in this case example are from the
same event. Logical behaviour in both components
in this respect can be identified. The similarities
noticed have a clear basis.

6. DISCUSSION

With the SOM method the dynamical
development of the process can be seen by using the
U-matrix trajectories, and the clustering structure of
the data with the U-matrix itself [1]. The correlations
of certain variables are seen with the component
plane SOM maps. The faulty development in the
data can be detected for instance with the
guantization error.

The shape of the SOM map also reveals
important things about the distribution of the data, if
the shape of the map is not restricted or prohibited.
Detecting the pre-stage of the fault is possible with
various ways [1]. The visualization of the process
and its progression with SOM maps, and leak
detection with an adaptive process model are also
discussed in [1].
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Fig. 5 — In the reheater section 14 process signals were

monitored. In the labels, m: the process was controlled

manually, o: the control valve is open. 1: the first hour
of stabilization period and 2: the second hour of the
stabilization period. The U-matrix reveals that the
process states ‘m* and ‘o' are clustered very clearly.

The SOM component planes show the values for each

process state
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Comparing the SOM method with the PCA
(Principal Component Analysis) method [13] we
noticed that with the SOM method the non-linear
behavior is seen better than with the PCA method,
which is able to show only the linear dependence.

To assess the information value of SOM maps
and other visualizations that we have used is very
difficult. To find out concrete measurable criteria
here is almost impossible. Qualitative assessment
with qualified criteria is more tempting option than
trying to develop systematic quantitative measuring
methods. This kind of analysis we have done with
some example visualizations.

The assessment criteria we have used in Section
111 and Section IV can be applied also with the SOM

Color code

= ® & e @
R0 ® @ @
@ ® @ - e
OIS
QIOICR X |

concept used in the industrial case example in
Section V. As we did not discover very many new
observations compared with the already earlier
analyzed example, we did not complete that analysis
here any further. Interesting viewpoints were
detected though to be realized in becoming further
studies.

Some further co-operation is planned with a
psychology group in the Finnish Technical Research
Centre, and research groups in the Norwegian
OECD Halden Reactor Project (Institutt for
Energiteknikk) within this topic.

PC projection

o=
T

Fig. 6 — A principal component projection (PCP). The color map is another type of visualization for U-matrix.
Distance matrix information is shown as zero hits for each part of the map (number inside the object). The
longer distances are visualized by smaller objects. From the PCP three different clusters can be detected. The
first and the last points of the stabilization cluster are situated near to the other two clusters

7. CONCLUSION

We have shown with a case example by using
industrial data the information value of the self-
organizing map in the process visualization. With
some verbal comparisons, we have tried to
differentiate this method from some other commonly
used methods. The information value can be clearly
seen although the use of this method in a real control

room would need special attention and capabilities
from the operators. The operator training would
therefore meet new challenges.

The measurement of the information value with
any concrete way is a very difficult task. Some
useful criteria can be found to estimate these values.
We have made some reflections to psychological
studies in this respect.
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There are a lot of open questions and demanding
challenges studying this issue further in the future.
The SOM method alone is not enough to find out all
necessary information out of the process, but it can
add additional information value compared with
many more traditional methods. The best results can
be achieved by using many different methodologies
in a well-selected combination.
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BbIAENEHMWE KOHTYPOB JIEBOI'O XEJTY[JO4YKA HA
BEHTPUKYJNIOTPAMME C PASMETKOWU TOYEK U3OBPAXEHUA
METOOOM AKTUBHbIX KOHTYPOB
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np. llesuenko, 1, Onecca, 65044, Ykpauna,
marina_polyakova@rambler.ru

Pestome: Paspaboman memoo gvioenenuss KOHMypos§ 1e6020 HCeNyOOUKA cepoya Ha 6eHMPUKYI0SPAMMAX, NOTYYEHHBIX
nymem peHmeeHOKOHMPACMHO20 UCCIe008aHua cepoya aneuozpaguyeckoli cucmemoil. Ilpednosicennuvlii memoo
gKIIOYAem NOOYEPKUBAHUE KOHMYPOE 1€6020 MHCENIYOOUKA NpU NOMOWU PenazyisapHo20 eelisnem-npeobpas’osanus u
PpasmemKy mouex U300padceHus ¢ UCHONb308AHUEM AKMUGHBIX KOHMYPOS. Mo NO36018€m CHUUMb OWUOKY
8bl0eNIeHUsl KOHMYpa U 001acmu 18020 JHcelyOouKd.

KuroueBble ciioBa: getignem-npeobpasosaniie, 1e6ds 6eHMPUKYI0ZPAMMA, MeMOO AKIMUBHBIX KOHIMYPOS.

EXTRACTION OF LEFT VENTRICULAR CONTOURS FROM
VENTRICULOGRAMS WITH LABELING OF IMAGE PIXELS BY ACTIVE
CONTOURS

Marina Polyakova

Odessa National Polytechnic University,
1, Shevchenko avenue, Odessa, 65044, Ukraine,
marina_polyakova@rambler.ru

Abstract: The method of the extraction of left ventricular contours is developed for ventriculograms which obtained by
radiological research of heart with the angiographic system. The proposed method includes the underlining of left
ventricular contours through the repagular wavelet transform and labeling the pixels of image by active contours that
reduced the error of detection of the edge and the area of left ventricle.

Keywords: wavelet transform, left ventriculogram, active contours.

BBEOEHUE onpejeeHre TAKTUKH JIEUESHUS.

Koponapoanruorpadus MIPEJCTABISACT
PCHTTCHOKOHTPACTHBIA ~ METOJ  HWCCIIeIOBaHUS,
MO3BOJISIFOILNIA TIOJIyYUTh nHGOPMAITHIO 0
COCTOSTHHH COCYJIOB cepaua, a TaKKe
NPEJOTBPATUTh Pa3BUTHE HWH(ApPKTA MHOKapia |
CHU3WTH PUCK BHE3aITHOM cMepTH [1].

Jns pacyera reMOAMHAMUYECKHX IOKa3aTelnei
MPOBOJMTCS  BBIJCNICHHE  KOHTYPOB  JIEBOTO
KETyI0uKa (JIK) Ha N300 paKEHUIX
BEHTPUKYJIOIPAMM, 3apETUCTPUPOBAHHBIX B OJHOMI
U3 TPOEKIMH B KOHIIE CHUCTOJNBI W B KOHIIC
JUACTOJbI. Pe3ynbTaThl 3TOM MPOIEyphl BIUSIOT HA
IOrpe€uIHOCTh OLCHHUBAHUA JUATrHOCTUYCCKUX

Ilo cratuctuke cpenu oOmmIeH CMEPTHOCTH B
Ykpaune CepAEYHO-COCYUCThIE 3a00/1eBaHuUs
cocTaBisIIOT ~ 62,5%. OcHoBHas  1ojagd  37€Ch
MIPUHAUICKUT HIIEMUYEeCKON OONe3Hn cepama u
apTepPUAIbHON THUIEPTOHUHU C UX OCIONKHEHUAMHU —
uH(papKTaMi MUOKapAa U UHCYJIBTaMH.

Jns  IUarHoCTHMKM TOPaKEHUM COCyIOB B
KapAHOJIOTUU aKTHBHO MpUMEHSIETCA
aHTHOrpauUeckoe  MCCICAOBAHUE  KOPOHAPHBIX
COCY/IOB, HAIPaBJICHHOE Ha BepU(UKALIUIO TUATHO3a
WIIeMHYecKol  OOJIe3HH  cepAla,  YTOYHEHHE
JOKaNu3alui TMOPaXeHUsT COCYAMCTOro  pyciha,
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mapaMeTpoB W, CIEIOBaTeNbHO,  OMPEACISIIOT
JIOCTOBEPHOCTH JIMArHO3a. OcobeHHOCTh
aHTHOrpauuUecKux HM300paKEHUH B TOM, 4YTO
yIIydIlleHne KadecTBa BhIIENeHUs KOHTYypoB JIK
Jla’Ke Ha HECKOJIBKO MPOIICHTOB MOKET 3HAYUTEIBHO
MOBBICUTH IOCTOBEPHOCTD AUATHO3A.
[lepcrieKTHBHBIM ~ TOAXOJOM K  YJIyYIIESHHIO
KadyecTBa BbleneHuss KoHTypoB JIK sBmsgercs
NpUMEHEHHE Ul PELIeHUs] 3TOW 3aJaydl METOJ0B
AKTUBHBIX KOHTYPOB [2] 1 pa3paboTaHHOTO aBTOPOM
penaryisipHoro BeiiBieT-mpeodbpazosanus (BII) [3].
[losTomMy menbpio paboOTHl sBiseTCs pazpaboTka U
WCCIIeIOBAaHME METONa BbiencHs KOHTypoB JIXK ¢
WCTIONIb30BaHUEM METOJa AaKTHBHBIX KOHTYPOB H
penarynsipHoro BII niig moBblillieHUsT KayecTBa 3TOU
MpoOLEAYpPhl B aBTOMAaTH3MPOBAHHONW  CUCTEME
aHallM3a ¥ pacro3HaBaHUs BEHTPUKYJIOTPaMM.

1. AHAJIN3 CYLLUECTBYIOLWNX
METOAOB BbIAENEHUA KOHTYPOB
JNIEBOIo XENYAQO4YKA HA
BEHTPUKYJIOTPAMMAX

[Ipu BBHIMOTHEHUN KOpPOHAapOAHTHOTpaduu, Kak
MpaBUIIO, TPOBOIAT JIEBYIO BEHTPUKYJIOTpagHIo.
Ota npouenypa MI03BOJIAET IIPOBECTU
KOJINYECTBEHHYIO  OIEHKY  OpraHM4YecKuX U
¢ynkunonaneHbix Hapymenuit JOK cepama. Onenka
HapylleHUd peruoHanbHOM cokpatumoctu JDK
IIPOBOJUTCS B YCJIOBHO BBIAEICHHBIX CErMEHTaX
JDK, pacnomararommxcsi B IUIOCKOCTH  3-X
MONIEPEYHbIX CeueHud cepAauma. B kaxzoMm w3
CETMEHTOB OIpeNeNIseTCd XapakTep M aMIUINTyZAa

ABMJKCHHA  MHMOKap/Ja, a TaKKe CTCICHb €To
CHUCTOJIMYCCKOTO YTOJIIICHUA.
Jleas BCHTPHUKYJIOTpaMMa IIO3BOJIACT

OOHApYXKHUTh PETHOHANbHBIC HAPYIICHUS (QYHKIHH
JOK B BHIE JOKaJbHBIX YYacCTKOB aKHHE3WH,

THIIOKHMHE3UN u IOUCKUHE3UH; BBISIBUTh
BHYTPHIIOJIOCTHbIE TpOMOBI u OITyXOJIH;
nuarHoctupoBaTs  aHeBpusmy JDK  (JokampHOE

BBIOyXaHHE WMCTOHYEHHOTO W HE COKpPAIIAroIIerocs
yuactka JDK, cocrosdiiiero u3 HEKpOTHU3UPOBAHHOM
WM pyOLIOBOW TKAaHU) U €€ pa3Mepbl, OLEHHUTH
cucronunyeckyro ¢Gynkmuio JOK myrem onpenenenus

reMOIMHAMUYECKUX  MOKa3arened  (yMEHBIICHHS
(yHKIIME  BBIOpOCA, KOHEYHO-CHCTOJIMYECKOTO U
KOHEYHO-TUaCTOIMYECKOTO o0bemMa JIK,

CEepIeYHOr0 HHJEKCA, YAApHOTO WHAeKca u ap.) [1].

3aMeTHM, UYTO  HHTEHCHBHOCTb  IHMKCEJeH
n300pakeHus] BEHTPHUKYJIOrpaMMbl B mpezaenax JDK
HEOJHOpPOIHa,  OoNbIMIMHCTBO  KOHTYpoB  JIK

aBsiercst ci1abo paszmuuuMbiMH. K TomMy ke mpu
aBTOMATU3UPOBAHHOM BbIJIEIEHUH KOHTypoB JIK
JNOJDKEH YYMTBIBAThCA ONBIT —Bpada-KapIHoJiora,
0COOCHHO TpH O00pabOTKE pa3IUYHBIX YYaCTKOB
BEHTpHUKYJIorpaMMbl. [1o3TOMy MeToxbl BbIIEICHUS

koHTYpoB JDK Ha BeHTpuUKyJOrpamMMmax, U3BECTHBIE
U3 JIUTEeparTypel, B OOJBIIMHCTBE OCHOBaHBbI Ha
knaccupukanun ¢ oOydeHueM. Tak, coriacHo
KIIaCCH(PHUKAIIMOHHOMY ~ METOJAYy  CerMEHTaluu
BEHTPUKYJOTpaMM, TpeasiokeHHOMY B [2], cHavana
ompenenseTca anmpokcumanusi kountypa JDK ¢
MMOMOIIIPI0 MAIIMHBI OMOPHBIX BEKTOPOB. Pesymnprar
3TOTO0 METOAAa WCHOJB3yeTcs KakK HadajabHOe
NpUOIIKEHHE Uil ONITUMHU3allMOHHON TPOLEIyPHI,
MPUMEHSIOMIEHCS [Tl HAaXOXACHUS MapaMeTpoB
Mozenu nedopMann KOHTypa.

B [4] nmna  Beigenenuss  konTypa  JDK
UCIIONIB3YETCS METOH, BKIIOYAIOIIUI CIeIyroLue
sTamsl (puc. 1):

— BbIJICJICHUE KOHTYpOB JOK Ha
BEHTPHUKYJIOTpaMMe C TOMOILNBI0 HEHPOHHOW CEeTH,
YTO TI03BOJISIET YUECTh 3HAHUS Bpayda-IuarHocTa;

— BbIJICJICHHE KOHTYPOB JDK Ha
BEHTPHUKYJIOTpaMMe c HCIIOJIb30BaHUEM
MOAYEPKUBAIOIIETO npeoOpa3zoBaHusl, 4TO

o0ecrieynBaeT NOMEX0yCTOHYNBOCTh CETMEHTALINY;
— 00beIMHEHNE PE3YJIbTATOB JIBYX MPEIbITYIIHX
3TAllOB METOJA C IOCIEHAYIOIIEH Pa3sMETKOM TOYeK
M300pakKeHUSI.
IIpuMeHsieMBlE METOABI aBTOMATU3HPOBAHHOIO
BbIAENIeHNs KOHTYpoB JDK 10o3BOIMIN CYIECTBEHHO

MOBBICUTh ~ KAa4eCTBO KOHTYPHOH CEerMeHTaluu
n300pakeHn i BEHTPHUKYJIOTPaMM, 9TO
MOJIOKUTENIBHO ~ TMOBJIMSJIO Ha  JOCTOBEPHOCTH

muarHosa. OgHako aBTOphl paboTH [4] B KauecTBe
MOTYEPKHBAIOIIETO TPeoOpa30BaHUs WCIOIH30BAIIN
rpaaueHTHeI onepatop Cobena, UMEIOIUil HU3KYIO
MOMEXO0yCTOHYMBOCTh. [loaTomy B pabote [3] mns
JIOCTOBEpPHOCTH ~ JWarHo3a  Obula  yIydIleHa
MMOMEXO0YCTOWYHBOCTh METO/IA BBIICTICHUS KOHTYPOB
JIX IIyTEM IIPUMEHECHUA B Ka4yeCcTBe
MOTYEPKUBAOIIETO npeoOpa3zoBaHU
penaryisipHoro BII.

3ametuMm, uyto B [3, 4] pa3smeTka TOYEK
n300paXeHUsT MPOBOJMIIACH IyTEM MPOCIIC)KUBAHUS
koHTypa JDK 1O momuepkHyThIM Tiepenaaam
3HAaYeHUN MpHU3HAKA CETMEHTAIIHH.
PesynpTupyrommii KOHTYp HE SBSUICA THaAKUM U
XapaKTepPH30BaJICH BBICOKOH MIOTPEITHOCTHIO
ompeAeNeHnsT KOOPAMHAT I TOYEeK IepenasoB
WHTEHCHBHOCTH. VI3BECTHO, YTO TJaJIKOE peIIeHHe
3aJayl KOHTYpHOH CerMeHTaluH H300pakeHUH
MTO3BOJISIIOT TTOJIYYATh METOBI aKTHBHBIX KOHTYPOB
[5, 6, 7], mpumeHsieMble M pPa3METKH TOYEK
n300paxeHusl. OcCHOBHBIMH CIIOKHOCTSIMHU
WCTIONB30BAHMS 3TUX METOJOB SBJISAIOTCS BBIOOP
HAa4YaJIbHOTO TPUOJIMKEHUS KOHTypa, 00paboTka
BOTHYTBIX (parmeHTOB KOHTYpa,
MOMEXOYCTOWYMBOCTh W BBICOKHH  YpOBEHB
BBIYMCITATENBHBIX 3aTpaT.
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Beoa mo0pakeHHA

BEHTPHKYJIOTPaMMbI
¥
. . .
1
h 4 H 4
| IIpunarue
HOpODOBaSI KﬂaccmbHKauHOHHoro
oﬁpaﬁo’ma pemeHHA obyHeHHOH
HEHRpOHHOH CETRIC
PopuHpoRaHHe
HuskogacToTHAsA pesyIbTaTa
e Tparst KITaCCH(HKAITHH
Artan
o4 epKHR atolIee OLIeHKa NIPH3HAKa e
npeoBpazobaHHe CEHMCHTATTHH ODODILEH
HEeHp OHHOH
CeTH
¥ A
Brroja
BzapereHHoe Pasmerra TodeK CerMeHTHPOBAHHOTO
CYMMHpPOBaHHe I H300p aKeHHS H200pLKeHHs

Puc. 1 — ®ynknuoHanbHas cXeMa MeTo/1a Bblie1eHUsl KOHTYpoB JI7K Ha BeHTpHKYyI0rpaMMme

CormacHO MeTOMy AaKTHUBHBIX KOHTYPOB B
nporiecce CerMeHTalluu M300pakeHu i
MUHUMH3UPYETCS JHEPreTHUSCKUN  (yHKIIMOHA,
COCTOSIIITUI OOBITHO M3 2-X ClIaraeMbIX: BHYTPCHHEH
SHEpruM, oOecrnedrBaroumeil TIaJAKOCTh KOHTYypa U
BHEIIHEH OSHEPruH, HANPaBJISAIOLIEH 3JIaCTUYHBIN
KOHTYP K TPaHHIIaM 00BhEKTa Ha H300PIKEHUH.

B [5] ompenencHa BHEMIHSSA CWia IS METOIOB
AKTUBHBIX ~ KOHTYpPOB, IIOJYYHUBIIAas Ha3BaHUC
TPaJVeHTHBI  BEKTOPHBIA  TIOTOK,  KOTOpas
yCTpaHseT ABa KIFOYEBBIX HEJAOCTATKA ATON TPYIIIHI
METOJIOB — OXBaThIBaET OOJBINYIO 00JacTh KOHTYpa
nzobpaxenuss 3a cuer AUQQPY3UH  BEKTOPOB
rpageHTa Tpyd TOAYESPKUBAHUM KOHTypa U
crnocoOHa 00pabaTeiBaTh BOTHYTHIE (hparMeHTHI
KOHTypa. Jlpyrasi BHEIIHSS cuja, ONpe/esieHHas IS
METOJIOB aKTUBHBIX KOHTYpOB 4Yepe3 CBEpPTKY
BekTopHEIX moner (CBII), He TombKO oOMamaer
NPEUMYINECTBAMM  TIPAJMEHTHOTO  BEKTOPHOI'O
[IOTOKA, HO U TIOMEXOYCTOHYMBA, UMEET MEHBIIIYIO
BBIYUCIIATEIBLHYIO CJIOXHOCTh [6]. DTa BHEIIHSA
CHJIa BBIYUCIIETCSI TIYTEM CBEPTKH pe3yibTaTa
MMOTYCPKHUBAOIIETO MPEOOpa30BaHUS H300paKECHUS
C BEKTOPHBIM TIOJIEM.

Jnst m300pakeHUit MEepapXuvIecKol CTPYKTYpPHI,
coJiepKaIuX OOBEKTHl PAa3HOrO MaciuTada, MeTO[|
AKTUBHBIX ~ KOHTYpPOB  ObT ~ MOAUMUIIUPOBAH
CIICIYIOTITAM obpazom [7]. Brimonssiiiocs

MacIITaOHO-NPOCTPAaHCTBEHHOE IpecTaBIeHIE
nzobpakeHus.  MeTon ~ akTHUBHBIX  KOHTYPOB
3allycKaJicd CHavajga il BBIACICHHS KOHTYpPOB
00beKTa HAa TPEACTABICHHH W300paXKCHHUS C
O6onpmuM  MacmtaboM. IlomyueHHBINH pe3ynbTar
MMOMEXOYCTOMYMBBIN, T. K.  HCIIOJb30BaHUE
NpPEACTaBICHUsT ~ H300paXeHuss ¢ OOJBIINM
MaciTaboM IO3BOJISCT MOJABUTH LIYM M CIJIaIUTh
MENIKAEe JeTald W300paKeHus. ITOT pe3ysbTar
UCIIOJIB30BAJICSL IPU CJICAYIOIIEM 3allyCKe MeTOoAa
AKTHUBHBIX KOHTYpOB Ha IIPEICTaBICHUH
n3o0pakeHuss ¢ MaibsiM MacmTabom. Ilocnmennee
MO3BOJISIET YTOYHHUTH TpaHUIIbI 00BeKTa,
NOJyYEHHBIC IPH TNPEenbIIyLIeM 3allyCcKe MeToAa
AaKTUBHBIX KOHTYpPOB M CHHM3UTH MOTPELIHOCTh
ONnpeAeNeHusl KOOpAWHAT JJii TOYEeK IepenanoB
MHTEHCUBHOCTH.

XoTsl M300pakeHHE BEHTPUKYJIOIPAMMbl MMEET
uepapxudeckyro  crpykrypy (JDK  comepxxur
HampaBIIIOMKUKA MPOBOJ W KaTeTep, HaOIoAaeTcs
TaKXXe PacIpOCTPaHEHHE KOHTPACTHOTO BEILECTBA),
WCIIOJI30BaHNE MeTona paboTel [7] 3aTpyIHEHO
cnaboil KOHTPAcTHOCTBIO YYaCTKOB H300paKeHHS.
I[lostomy B  maHHOW  pabore  pa3paboraH
KOMOMHHMPOBAaHHBIM METOX BBIIENEHUS KOHTYpPOB
JOK  Ha  BeHTpuKylOorpamMMe,  MO3BOJISIFOIIMIN
YMEHBIINTh TOTPELIHOCTD ONPEAEICHUs] KOOPAUHAT
JUISL TOYEK TPAaHUIT OMHOPOIHBIX 00yacTeii. B 0cCHOBY
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pa3pabOTaHHOTO METONAa TIOJIOKEH METOXI PabOTHI
[4] (cm. puc. 1). OmHako Ha dTane pa3MeTKH TOYEK
M300paKECHUST BMECTO MPOLEAYPHI MPOCICIKUBAHUS
mpeiiaraeTcs  MPUMEHATh  METOJ  aKTUBHBIX
KOHTYpoB ¢ wucnons3oBanuem CBIL.  [lanee
M3JIATal0TCs OCHOBHBIC MOJIOKEHHUS 3TOTO METO/a U
npuBoautca onpeneiaeHue CBIIL.

2. METOO AKTUBHbIX KOHTYPOB C
NMPUMEHEHUEM CBEPTKWU
BEKTOPHbIX MOJEN

AKTHUBHBIH KOHTY] Ha IJIOCKOCTH

IIPEACTABIACTCS IapamMeTpU4YECKON KpUBOH
T

v(s) =[x(s), y()]", s€[0,1], KOTOpast

neopMupyercsi Ha HW300paXCHWH B pe3yJbTaTe
MUHHMMU3AIUA SHEpPreTudeckoro ¢yHKIuoHana |[5,
6, 7]

E, V) ) B ) s (D

[[3lber s

rae o, B — BecoBbie KO3 GUIMEHTHI, PEryIHPYIOLIHE
[JaJKOCTh M YINPYrOCTh KOHTYpa COOTBETCTBEHHO;
v'(s), V'"(s) — -1 u 2-s mpou3BOIHbIE V(S) TIO .
E, (v(s)) — BHewHss SHEprus mapaMeTpPUYEcKOil
KpUBOM V(s), MpUHUMAIOIIAsT Ha KOHTypax Mallble

3HaueHus [5]. B [5] BHemHss sHeprus s
MOJTyTOHOBOTO HM300paxkenus [(x,y) ompenensiercs

kax E,, () =4VI(x )|,
rpajvieHTa.

CornacHo HEOOXOTUMOMY YCIIOBHIO
MHHUMH3AITIH GyHKIHoHaIa (1) B TOUke MUHUMyMa

KOHTYp H300paKe€HHs yIOBIETBOPSET YPaBHEHUIO
Olinepa — Jlarpanxa

av"(s) =Py (s) =VE,, (v(s)) =0, (2)

rae 'V — omeparop

KOTOPOE MOXKET paccMaTpUBaThCs KaK ypaBHEHHE
Oajtanca cui

S V() + fo ((5)) =0,

rne  f,,(v(s))=av'"(s)—Pv'""'(s) — BHyTpeHHss
ompenenAomas TNagKoCTh M YIPYroCTh

f..(v(s))==VE_.(v(s)) — BHemmHss

CHJjia, KOTOpas HaAIpPaBJILCT KOHTYp K T'paHULAM

cuia,
KOHTYpA;

obbekTa Ha  u300paxkeHnu. Pemenme  (2)
MPEICTaBIsIeT  COOOWM  pelIeHHe  YpaBHEHUS
IPaJIMEHTHOTO CIyCKa

ov(s,t)

6—=OW”(SJ)—BV””(SJ)—fm(V(S,t)),(3)
y :

rae w(s) paccMarTpuBaeTcs €Ille U Kak (PYHKIHUs
BpEMEHH f, a  Ha4YaJlbHOC  NPUOIMKCHUS
o00o3HavgaeTcs kKak 1(s,0).

Uucinennoe pemenne (3) Ha  TUCKPETHOM
pelIeTKe 3HAYCHHH § MOTYyYar0T METOIOM KOHEUHBIX
pasHocteit [8]. Iy 3TOro HEMpephIBHBIA KOHTYpP
v(s), s€[0,1], AUCKPETU3UPYIOT W MPEACTABISAIOT

MHOXECTBOM M IHCKPETHBIX TOYeK V;, i€{0, 1, ...,
M-1}, — sanemenTOB KOHTYpa. Jledopmarus KoHTypa
B MaTpUIHOH (hOpMe MPOBOIUTCS IO PopMyIIe

U+ =V F, (4)

rae [ — enuHuyHas MxM marpuna, T — mapamerp
T

miara UTEeparuu Vi= vé,vf, o V| s
t_ t t t T

F'= [fext (V0)>fext (Vl )) oo St (VM—l )] MaTpHIIbI

Mx2, mnpeAcTaBIsIOIIME KOOPAHWHATHI 3HAUYCHUU

3JIEMEHTOB aKTHBHOTO KOHTYpa M BHEIIHEH CHIIBI B
MOMEHT BPEMEHHU ! COOTBETCTBEHHO. A — MaTpuIa
MxM, nuknamdeckas, MeHTaAuaroHaJIbHAsI, KOTopas
WCIIONIb3YeTCS ANl BBIYUCICHUS  3HAYCHHM
BHyTpeHHe# cuibl. Jms Beumciaenns V' B (4)
MO>KHO HCITIOJIE30BaTh PasiIo’KeHHe X0JIeccKoro [9].

[Ipu ucnonszoanuu CBII 11t MeToa aKTUBHBIX
KOHTYPOB ONpeEJeNseTcs SAPO BEKTOPHOTO OIS
k(x,y) = (u(x,py), vi(x,y)). Bece BekTopa atoro smpa
HalpaBJICHBl K IIEHTPY SApa W  BBIYUCICHHS
MPOBOAATCS IO (hopMyJie

k(x.y) = m(x.y)n(x.y),

rae m(x,y) — BeTUYMHA BEKTOpa B TOUKe (x,)), 7(x,y)
— eIMHUYHBIA BEKTOp, HANpaBICHHBIA K IECHTPY
snpa B Touke (0,0):

n(xsy):(-X/rs 'y/r)a
mpuaem 7(0,0) = (0,0), » =\x" + y2 — paccTosiHue

JI0 TeHTpa sapa. Ecnu neHTp sapa pasMmelneH Haj
TOYKOW KOHTYypa W300paKeHUsA, TO CBOOOITHAS
YJacTHIla, IMOMEIIEHHas B o0iacTh sjapa, Oyner
JBUTAThCS IO HANIPABIICHHUIO K €T0 LEHTPY.
Bremmsn cwna fye(ry) = (ue(ry), vye(p))
BBIYUCIIACTCA IYTEM CBEPTKU SApa BEKTOPHOTO IOJIA
k(x,y) ®m w300pakeHHUS C  MOTYCPKHYTHIMH
KOHTypamu f{x,y), TOIYYEHHOTO B pe3yJibTaTe
MTOTYEPKUBAOINIECTO TIPeoOpa3oBaHus H300pakKeHHS

1(x.y):
ﬁ!fb(x’y):f(x’y)*k(xay):(f(xay)*uk(x:y)af(xay)*vk(xay))a

T. k. 3HadeHus f{x,y) HEOTpUIIATEIHHBIC W
BO3pacTalOT IO Mepe NPUOIMKECHUS K KOHTYpPY
M300pakeHUs, KOHTYPBl UMCIOT OOJBIIUI BeC MpuU
onpenenenun BenuuuHsl CBII mo cpaBHeHHIO C
obnactaMu OJTHOPOJTHOM WHTEHCHBHOCTH.
CrnenoBaTenbHO, BHEIIHSS CHIIA, OIpeaenseMas
myrem CBII, nputsruBaer cBOOOTHBIE YaCTHIBI K
KOHTYpaM H300pa’keHHUS.

CBII 3aBUCHUT OT BEIMYMHBI siipa BEKTOPHOTO
nodst m(x,y). 3HaueHus m(X,y) TONOKUTEIbHBI, TIPH
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YIOQICHHH OT KOHTYPOB H300pakKeHWs yOBIBAIOT U
3aBHCAT OT PACCTOSIHUSA JI0 LIEHTpPa siipa, HalpuMmep,

m(x,y)=(r+¢)",

rue Y - MOJIOKHUTENbHBIN napamerp,
KOHTPOJIUPYIONIUI CKOPOCTh YOBIBaHUS m(X,)) TpH
yIaJIeHUH OT KOHTypa H300paKeHWs, € — Majas
MOJIOKHUTEIIbHAS KOHCTaHTa, MTO3BOJISIOIAS
n30exaTh AeNeHus Ha HyJb [6].

Ilpu uwucnenHou peamuszanmu CBII  sapo
BEKTOPHOTO  TIOJNS  TPEICTaBIsSIeTCS  MAaTpHIEH

TUCKpeTHBIX uucen K={k(x,y); x, y=-R, ..., -1, 0, 1,
..., R}, tme R — 3amaHHBIA pamuyc sapa (puc. 2).
st Beraucnenuss CBII BeImoOdHSIETCS OUCKpETHAS
CBEpTKa MOJYEPKHYTOTO M300paKCHHUS C MaTpuUllei
K B obnactu npeoOpazoanus Dypee [6]. Bexrop
BHEIIHEW CHIIBI MAacIITa0UpyeTcs K ETUHIIHOMY
BEKTOPY Ui TOTO, YTOOBI KOHTYp H300pakKeHUs
o0OpabaThIBajICsi C TIOCTOSIHHOH CKOPOCTBIO, €CITH
mar T B (4) MOCTOSHHBIHN [6].

R <

LT S S B S ¢
I N i I, I - £
w0 1\ I- / s -
B \ l / A
0P —= — —id— — a—
L= - / t \ b T ~
L, - s/ 1' L WL N
PR T D T S

R P N B N . W
-R 0 R

Puc. 2 — IlpuMep TUCKPETHOTO SIAPA BEKTOPHOTO MOJIsI
cR=4

MeTton akTHUBHBIX KOHTYPOB C IPUMEHEHHEM
CBII ucnone3yercs B JaHHOW paboTe Ui pa3MeTKH
TOYEK  BEHTPHUKYJOrpaMM B  MOAW(UKAINH,
peIoxKeHHol B padore [7]. MoaudunmpoBaHHbIN
TaKUM 00pa3oM METOJ aKTHBHBIX KOHTYPOB Jajee
OysneM  Ha3plBaTh  MHOTOIIATOBBIM  COTJIACHO
tepmunonorun [10], T. K. pelieHHe HCXOAHOU
3aJayd 3TUM METOAOM IOJy4aeTcsl IyTeM pPeIICHHs
HECKOJIbKMX ONTUMH3AIMOHHBIX ITOA33/1a4.

3. METOA BbIAEJNIEHUA KOHTYPOB
NEBOI'O XENYAOYKA C PASMETKOM
TOYEK BEHTPUKYNIONPAMMbI
METOAOM AKTUBHbLIX KOHTYPOB

[ToyToHOBBIE NM300paKEHUSI BEHTPUKYIOTPAMM
pasmepa 512x512 mmkceneld OBUTH  TTOTYYICHBI
MeTOAOM LU(poBO aHrHorpaduu 0e3 BBHIYUTAHUS,

moatoMy kpome JIK, Ha HUX OBUIM OTOOpa’keHBI
COCe/IHME OpraHbl, Hampumep, pebpa. Ha puc. 3
MOKa3aHbl BEHTPUKYJIOIpaMMa B KOHLIE AUACTOJIHI B
30° mpaBod KocoW mpoekuuu (puc. 3, a) u
BEHTPUKYJOrpaMMa B KOHIIE CHUCTOJNBI (pHC. 3, B).
OueBUAHO, YTO HEKOTOpbIE ()parMeHTHl KOHTYpOB
JIK cnabo pazmuauMel.

[Ipumenenne nmdpoBoit aHrmorpadum  0Oe3
BBIYUTaHUS 00YCIOBMIJIO BBICOKYIO 3aIlyMJICHHOCTb
BEHTPHKYJIOIpaMM, HCCIIEIyeMBbIX B JAaHHOH padoTe
(oTHOMIEHHWE CHUTHAN/IIyM coctaBwio 31 — 52 mo

MOIITHOCTH ).
B ocHoBy merona BoeiiencHus koHTypoB JIK Ha
BEHTPHUKYJIOTpaMMax, pa3pabaTeIBaEMOro u

HCCIIeMyeMOTO B JaHHOW pabore, Obia B3sATa

¢dyHKIMOHANBEHAsT cxemMa ¢ puc. 1. Ha oarame
MOJUEPKHUBAIONICTO  MPeoOpa3oBaHUs  COTJACHO
HCCIICIOBAHUSM, MIPOBEICHHBIM B [4]

ucrnoap3oBanochk penaryispaoe BII ¢ mapamerpom
a=0,25.

B r

Puc. 3 — JleBasi BEeHTPUKY.JI0rpaMMa B KOHIIe
JMACTOJIBI (2) M B KOHLIE CUCTOJIBI (B), KOHTYpBI JIZK,
NpocjekeHHble Kapauoaorom (0, r)

Oro mnpeoOpa3zoBaHUE MPEANONATAET CBEPTKY
(GYHKUIUM 3HAYCHUH WHTEHCHUBHOCTU W300paXKeHUs C
GyHKIHSIMA

w(x,a) =] sgn(ow(x,a),

rne x -
napamerp InpeoOpa3oBaHUS,

[POCTPAHCTBEHHAS KOOpAMHATA, a —
w(x,a)— QyHKIHSA

L " 2

okHa, W(Xx,a) = , € — (UKCHPOBAHO.

—a

<g;

0, |x

[Ipu BemonHeHnuun penarynspuoro BII B nanHoi
paboTe WCIONIB30BAIACh €r0 MOMU(HUKAIMSI B BHIC
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CBEPTKH c GyHKIMAME y(x,a) =

b

2xa
MO3BOJISIONMAS MOMYYUTh MPEHMYIIECTBA C TOYKH
3peHHsl ammapatHoi peanuzanud. C ydeToM 3TOTO
acnekta penarysspHoe BII mpencrasisiiock B Buje
CBEPTKHU KaXKJIOW CTPOKH U CTONOIA H300paXKEeHUs ¢
dbumsTpamMu

2 Na 1 1 1
n =T N g e s o
{ga( )n=0 2Nua 8a 4a
b i 1 1 1
20 b b ’2(1 ’40 78a bARES ] 2N”a
rae a — mapamerp pemnaryimsipaoro BII, 2N —

KOJMYECTBO K03 dummeHToB (uibTpa,
3aBUCUT OT € U 4 .
Hcnons3oBanue penarynsipaoro BII mosBosser

KOTOpOC

BBIOpAaTh COOTBETCTBYIOIIUU IEIIM  0OpabOTKH
YpOBEHb MacITa0HO-POCTPAHCTBEHHOTO
MpelcTaBieHus] M300pakeHUs ©  obecrednBaeT
HEOOXOANMYIO [TOMEXOYCTOWIHBOCTh u
JOITYCTUMYIO MOTPEUIHOCTh pe3ynbTaTta
CETMEHTAalH.

MHoromaroBslii METOJT aKTHUBHBIX KOHTYpPOB C
ncnons3oBanneM  CBII,  mpumensemsli  1pu

pasMeTKe TOYEeK H300paKeHHUsI TPH BBIICICHUH
KoHTYpoB JIXK Ha BeHTpHKyJIOrpaMMme peamu3yercs
B 2 JTamna.

[TomuepkHyTOoEe H300pakeHHWe OBUIO TOIYUYEHO
MyTeM B3BELICHHOTO CYMMHPOBAHHUS W300paKeHUS
r(x,y), HOJTyYSHHOTO B pe3ynbrare

MMOAYCPKHUBAIOIIETO

(%),

0000mmeHnsT HEeHpPOHHOM

npeoOpa3oBaHus, u

M300pakeHus c(hopMUPOBaHHOTO B

pe3ynbraTe
dopmysre [4]

B(x,y):wwfn(x,y)+(1—ww)r(x,y), (5)

rae w, — B3BEHIMBAIOIINKA K03()(GHIMEHT, KOTOPbIi

ceTH, IO

BbIOupaics kak w, = 0,3 11 BeHTPUKYJIOTpaMM B
w, =0,6
BEHTPHUKYJIOI'PAaMM B KOHILIE CUCTOJIBL.

3arem AJs HAYAJILHOTO MPHOJIMKEHUSI KOHTYpa B
BHUJE OKPY)KHOCTH 3allyCKajcsd METOJl aKTUBHBIX
KOHTYpOB ¢ ucnoib3oBanmeMm CBII, mis xoToporo
R=1, y=0, e=0. Takoii BEIOOp MapamMeTpOB MPUBOTUT
Kk dyactHoMy ciaydaro CBII - rpagueHTHOMY
BEKTOPHOMY TIOTOKY, WCIOJB30BaHHE KOTOPOTO
uesecooOpasHO  Ha  JaHHOM — JTame, T. K.
[OJYEPKHYTOE  HM300pakeHHe, IIOJIyYe€HHOE IO
dopmynie (5) He sBuseTCA 3allyMJICHHBIM W,
CJIEIOBATEIbHO, ATOT METOJ MO3BOJSET BBIAECIUTH
koHTYp JIK ¢ HU3KOI MOTrpemHOCThI0 ONpPEIEICHUS
KOOPZAMHAT AJIsl TOUCK TPAHUL] OOBEKTA.

KOHIIE JTUACTOJIBI u s

Ha BrOpOoM o3Tame MHOromaroBoro Merona
aKTUBHBIX KOHTYpOB C Hcmonb3oBanueM CBII mns
BhIAeNieHUs KOHTypoB JDK Ha BeHTpuKyJorpamme
PEe3yIABTUPYIOLIUN KOHTYP, HOJYyUYEHHBII Ha MEPBOM
JTane METo/a, yTouHseTCs. st 3TOro BBIMOITHICTCS
MOAYEPKUBAHUE pe3yibTara roMoMOpGhHOH
(UIBTpal MCXOTHOTO M300PaXKEHHsS C MOMOIIBIO
penaryisipHoro BII. ITapamerp penarynspaoro BII
a Ha JIaHHOM OJTalne BbIOMpalcs paBHBIM 1 s
BEHTPUKYJIOrpaMM B KOHUE Auactonsl U 0,25 — mis
BEHTPUKYJIOIPAMM B KOHIIE CUCTOJIBI.

Jlanee 3amyckasncss METOJI aKTUBHBIX KOHTYPOB C
ucnonb3oBanuem CBII, ognako yxe ¢ mapamerpamu
R=32; vy=2,2; e=10®. B kauecTBe HAYAIHLHOTO
npuOMMKEeHUs  KOHTypa  Ha  3TOM  JTame
HCIIOJIB30BANICS PE3YJbTUPYIOIIUNA KOHTYP IEPBOro
sTana MeroAa BblaeneHus KoHTtypoB JDK Ha
BEHTpUKyjJorpamme. K molydeHHOMYy Ha BTOPOM
stane Meroja KoHTypy JDK  mpumensiiach
Mop(osiornyeckasi orneparysi 3aMbIKaHUs IS TOTO,
YTOOBI CITaIUTh MeTKue nedextot [11].

PesynbraTel  BbimeneHuss koHTypoB JDK Ha
BEHTPUKYJIOrPAMMAaX B KOHLE JUACTOJIBI U B KOHIIE
CHUCTONBI METOJAOM paboThl [3] ¢ mNpuUMEHEHHEM
penarynsipaoro BIl B kauecTBe moguepKHUBarOLIETroO
mpeoOpa3oBaHus IMoka3aHsl Ha puc. 4. KoHTtyp,
BBIZICIICHHBIN C HCIIOJIb30BAaHUEM PEIaryJIsipHOTO
BI1, 0603Ha4eH Ha puc. 4 CBETIION JIMHUEH HapsAdy C
KOHTYPOM, TPOCJIECKEHHBIM KapIUOJIOrOM (UepHas
JIUHUA).

Kontypsr JIXK, BblaencHHBIE METOIOM pPabOTHI
[3], mpakTUyecKH Ha BCEM CBOEM MPOTSHKEHHUU

cormacyercs €  KOHTYpaMH, HPOCIEKECHHBIMHU
kapauoioroM. OJHaKO HEKOTOpble (parMeHThI
BBIJICJICHHBIX KOHTYpOB KakK CIIC/ICTBHE
HECOOJIOICHNST YCIIOBUS TJIAIKOCTH B peE3yJbTaTe
IIPOCIICKUBAHUA OTINYAKOTCsA oT KOHTYPOB,
0003HaYEHHBIX KapAUOIIOTOM.

*

Puc. 4 — Konryp, BbleJieHHbIH MeTO10M padoThI [3],
U KOHTYP, 0003HAYEHHBIH KapAn0JI0roM, Ha
BEHTPHKYJIOTPaMMe B KOHIIE IHACTOJIbI ¢ puC. 3, a (a)
H HA BEHTPUKYJOrpPaMMe B KOHIIE CHCTOJIBI C puC. 3, B

©®

PesynbraTel  BbimeneHuss koHTypoB JDK Ha
BEHTPUKYJOrpaMMax ¢ pHC. 4 MHOTOIIaroBBIM
METOJIOM AaKTHBHBIX KOHTYpPOB C HCIIOIb30BAHUEM
CBII noka3zansl Ha puc. 5 — 6. UepHoil nuHUENH Ha
puc. 5, B, T U 6, B, T 0003Ha4YCH KOHTYp,
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MIPOCIIEKEHHBIN KapIUOTIOTOM.

Puc. 5 — Pe3yJbpTar noa4epKUBaIoLIEro
npeodpa3oBaHusl BEHTPHKYJIOIPaMMBI ¢ puc. 3, a (a),
JTana 0000meHust HeiipoHHOH ceTH (0); MepBOro
JTana MHOTOIIATOBOr0 METOAa AKTHBHBIX KOHTYPOB
(B); BTOPOro 3Tana MHOIOLIATOBOr0 MeTO1a
AKTHBHBIX KOHTYPOB (T)

Puc. 6 — Pe3yabTaT noa4yepKuBaouiero
npeo0pa3oBaHus BEeHTPUKYJIOIPaMMBI ¢ puc. 3, B (a),
JTana 00001eHusi HeiipoHHOH ceTH (0); MepBOro
3Tana MHOTOLIATOBOr0 MeTOAa AKTUBHBIX KOHTYPOB
(B); BTOPOro 3Tana MHOIrOLIAr0OBOro MeTo/1a
AKTUBHBIX KOHTYPOB (T)

4. AHAIIU3 PE3YJIbTATOB

Hns  oOLeHKM KayecTBa  Pa3METKH  TOYEK
M300paKeHHS BEHTPUKYJIOTPAMMEBI  ITOTyYeHHBIN
koHTyp JDK 3aMblkajics TMyTeM COEIUHEHHS

MepBOHAYATIPHO 33JaHHBIX JBYX TOYek. Jlanee
OTIPEACIISUTHCH CIICAYIONIUE OOJIACTH: Rp — obnacThb
B npezaenax KOHTYpa, BBIJICIICHHOTO
aBTOMATH3HPOBAHHBIM METOOM, U R, — obnacTh B
mpejieNiax KOHTYpa, MPOCISKEHHOTO KapIHOJI0TOM.

s 3THX MHOXECTB BBIYHCIISUTHCD
XapaKTepUCTHIECKUE (yHKINH:
7) I, (x,y)eR,,
a,(x,y)=
P .
0, (x,»)eQ\R;
a ()C y)_ la (-x5y)€RDa
D H -
0, (x,y)eQ\R,;
rie () — obnacte OmpeneieHHs H300paKEeHHUsI
BEHTPUKYJIOT PAMMBI.
KonuuecTBeHHass OLIEHKA pasjiMuus  MEXAy
KOHTYPOM,  BBIJICJICHHBIM ~ aBTOMAaTH3UPOBAHHBIM
METOJOM u KOHTYpPOM, IPOCIIEKEHHBIM

KapAHOJIOTOM, aHAJIOTHYHO [4] ompenensiach MyTeM
BBIYHMCIICHUS BEIMUUHBI

S a,(x,)®a,(x, )

(x,y)eQ
E, === ,  (6)
Z aD (xa y)
(x,y)eQ
rac @ 0003HavaeT HCKIIIOHYarouiee JIOTrHYCCKOEC
NJIN.

B kinHHYeckodl mpakTUKE ISl BBIYUCIICHUSA
FeMOJMHAMUYECKUX  IIOKa3zaTenedl  HapylleHUi
PUTMHYECKOW aKTUBHOCTH cepAla HeoOXOIMMO
paccuMTaTh IUIOWIagb  OOJNIACTH  M300paKeHHS
BEHTPHUKYJIOTPaMMBbl BHYTPH BBIICIEHHOIO KOHTypa
JIK. CootBercTByIOIIas HOTPEIIHOCTD

D oa,(x,y) - Y a,(x,y)

(x,y)eQ (x,y)eQ

ZaD(x,y)

(x,y)eQ

E, = ()

[Tnomane 00JIACTH BEHTPHUKYJIOIPaMMbI BHYTPHU
koHTypa JIDK wucnome3yercs nisi BBIYUCICHUS
oorema JDK m wm3menenums oObema JIDK mocie
cokpaiieHus. [lorpemHocTs U3MEpEeHHsl U3MEHEHHUSI
ob6wvema JIXK mocie cokparnieHus

EFD = |EF, — EF,|,

rne EF,,EF, — n3MeHeHue Iwomanu o0iacTu

BEHTPHUKYJOrpaMMbl ~ BHYTpu  koHTypa  JDK|
IPOCIEKEHHOTO  KapAUOJIOTOM M  BBIICIICHHOTO
ABTOMATHU3HPOBAHHBIM METOJIOM COOTBETCTBEHHO.

PesynbraTtel  BeImenenuss — koHTypoB  JIK,
MpUBeACHHBIE B Tabm. 1, ycpemHsuiuch 1o 56
BEHTPUKYJIOTpaMMaM.
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Tabuuna 1. Pe3yabTaThl BelIe1eHUs] KOHTYPOB JIXK
HA BEHTPHKYJI0IPaMMaxX aBTOMATH3UPOBAHHBIM
METO/J0M II0 CPABHEHHUIO ¢ KOHTYPaMHu,
Mpoc/ieKeHHbIMU Kap/AH0J10TroM

MHoromaroBblii MeTOJ AKTUBHBIX KOHTYPOB
Horpeu- B xoHue B xoHue EFD,
HOCTh JANACTOJIbI CHCTOJIbI %

E.% | E, | E..% | E,;.,%
Cpennee 6,66 0,87 | 11,06 | 2,33 1,56
3Ha4YEHHE
Cranpmapt- | 2,30 0,45 0,98 1,41 0,62
HOE OTKJIO-
HEHHUE
Meton ¢ npuMeHeHueM penaryJsipuoro BII, a=1
Horpeu- B konue B xonue EFD,
HOCTh JANACTOJIbI CHCTOJIbI %
E.% | E;,;% | E.,% | E,;,%
Cpennee 7,21 4,52 | 13,83 | 7,70 0,75
3HaUCHHE
Cranpapt- 3,89 2,12 2,92 2,07 1,35
HOE OTKJIO-
HEHHUE
Metoa ¢ npuMeHeHueM penaryasipuoro BII, a=0,25
Horpeu- B konue B xonue EFD,
HOCTh JHACTOJIBI CHCTOJIBI %
E% | E, % | E., % | E,.%
Cpennee 7,05 4,31 13,19 | 6,64 2,35
3HaUCHHE
Cranpmapt- 4,58 2,82 2,12 2,35 1,34
HOE OTKJIO-
HEHHUE

B cayuae npumeHeHus wmeroma paboTsl [3]
CpPeIHss TMOTPEIIHOCTh BBIICICHUS KOHTypa U
o0yacT BHYTpH KOHTYpa JJsl BEHTPHKYJIOTPAaMM B
KoHIle auactonbl coctaBisma 7,05% u 4,31%
coorBeTcTBeHHO (0¢=0,25). DOTO o03Ha4aer, dYTO
MIPUMEHECHUE MHOTIOIIArOBOrO0 METO/Ia aKTHUBHBIX
KOHTYpoB ¢ wucnois3oBanneMm CBII mo3BommIo

ymenbmuts £, Ha 0,5%, E, — B 5,2 pa3a.

AHaJIOrMYHBIC BEJIMYUHBI I BEHTPHUKYJIOIPaMM B
KOHIIC CHCTOJIBI TPH HCIOJIb30BAaHUM METOJa
pab6otsl [3] cocraBumu 13,19% u 6,64% (a=0,25).
CrenoBatenbHO, MPUMEHEHHE  MHOTOIIATOBOTO
METOJla AKTUBHBIX KOHTYPOB C UCIOJIb30BAHUEM

CBII nosBommno camsuts E,. Ha 2,1%, £, — B 3

a
paza. YBeimuenwme £, m E, npu BbIIeneHHn

koHTypoB JIDK Ha BeHTpHKyIOrpaMMax B KOHIIC
CUCTONBI OOYCJIOBIIEHO TEM, YTO B 3TOM CITydae
riomans JOK Ha n300pakeHUH OTHOCUTENHHO Majia
U TIpelncTaBisieT coOOM 3HaMeHarenb B (OpMylax
(6), (7). IlorpemHocts EFD m3Mepenus oobema JIK
rocje COKpalleHWs B pe3yJbTaTe MpUMEHEHUS
penaryimsipgoro BII ¢ a=1 cocrasnsna 0,75%, dto

Ha 0,8% HmWwKe dYeM TPH  UCIONH30BAHUU
MHOTOIIIAaTOBOTO METO/Ia AKTUBHBIX KOHTYPOB C
npuMmenennem CBII.

CpaBHMM IOIy4YEHHBIE pE3yJBTaThl BBIACICHHSA
koHTypoB JDK Ha BeHTpuKyjorpamMmax B KOHIIE
JIUacToNbl  C pe3ylbTaTaMM, IPUBEICHHBIMH B
pabore [2]. llpumeHenme KiacCH(PHUKAIIMOHHOTO
Metona padotsl [2] mano £, =5,97%, 4aro Ha 0,7%

aHaJIOTHYHAS
Meroma  (cM.

MEHBIIIE, YeM XapaKTepUCTHKA
pa3paboTaHHOTO TaomI. 1),

norpemHocts £ =3,71%, koropas B 4,3 pasa
BbIIle, YeM £, Ui BEHTPUKYJIOTPaMM B KOHIE

JTNACTOJIBI, IpUBeIeHHas B Ta0I. 1.

Jlamee mpuBeneHBl XapaKTEPUCTHUKH BBIIEICHUS
koHTypoB JIK Ha BeHTpuKyiorpammax Ha 1-M 3Tame
MHOTOIIArOBOTO METOJA AaKTUBHBIX KOHTYPOB C
npumeneHueM CBII (ta6m. 2). 3ameTnm, 9To Ha 2-M
3Tare 3TOTr0 MEeTOAA JJIsl BEHTPUKYJIOTPaMM B KOHIIE

JIMACTOJIbI MOTpemHOCTh £, cHikeHa B 7,5 pa3, £,
— B 1,5 pasza, nmns BEHTPUKYJIOrpaMM B KOHIE
CHCTOJIBI TIOTpEINHOCT: £, yMeHbmmiaceh B 4,2
[Torpemnocts EFD

n3MeHennss oo0wvema JDK
pesyJibrare 2-to
METOZa AaKTHUBHBIX

E - B 1,6 pasza.

pasa, K,
nocie
sTana

KOHTYpOB

HU3MEpEeHHS
COKpaIIeHHS B
MHOTOITIarOBOTO

CHHUXEHa B 3 pasa.

Ta0auua 2. Pe3yabTaTsl BblaejJeHust KOHTYpoB JIZK
HA BEHTPHUKYJIOrpaMMax Ha 1-m 3tane
ABTOMATH3HPOBAHHOIO METO/Ia M0 CPABHEHHUIO €
KOHTYPaMH, NPOC/Ie;KeHHBIMU KapAH0JI0TroM

1-ii 3Tanm MHOTOIIATOBOI0 METOIa AKTHBHBIX

KOHTYPOB

Horpeu- B xoHue B xoHue EFD,

HOCTHb JAHACTOJIbI CHUCTOJIBI %

E.% | E,% | E.% | E,%

Cpenuee 10,20 | 6,58 | 17,82 | 9,86 | 4,54
3HA4YCHUC

Crangapr- | 3,39 | 4,68 | 0,36 | 0,49 | 2,19
HOE OTKJIO-
HCHUC

3ametuM, uTo mnorpemHoctH EFD u K,

BBIACIICHUS KOHTYPOB JDK ABTOMATHU3UPOBAHHBIM
METOAOM Io CpaBHCHUIO C KOHTYpaMH,
IIPOCIICKCHHBIMU KapJaMWOJIOTOM, HE IIPEBBIIIAIOT
J0IyCTUMBIC JJId I[aHHOﬁ 3aJa4M 3HAaYCHU .

B pabore [12] ompenensmack  cpenHss
HOIPEIIHOCTh pe3yIbTaToB IPOCIIEKUBAHUS
KOHTypa »3KclepraMu Kapiauosnoramu. CoriaacHo

3TOW paboTe CpelHss MOTPEIIHOCTh OIMpPEISICHUS
obmactu JDK E, s BEHTpHKyJIOrpaMM B KOHIE

JMACTONBI M B KOHIIE CHUCTONBI cocTaBmia 7,3% m
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15,2% coorBercTBeHHO. CpemHss MOTPENTHOCTh
EFD 1npu onpeneincHUM U3MEHEHHs IUIOIIAIU
obmactu JIDK mocne cokpaienus cocrasuia 7,0%.
IIpu BelgeneHun koHTypoB JIDK MHOromaroBbim
METOJIOM AaKTHBHBIX KOHTYpPOB C HCIOJb30BaHHEM

CBII E, u EFD 6bi1n MeHblue (cM. Tabm. 1).

5. BbIBOAbI

TakuM 00pa3zoM, NMPUMEHEHHWE MHOTOIIATOBOTO
METOAa AKTHBHBIX KOHTYPOB C HCIIOJIb30BAHUEM
CBEPTKH BEKTOPHBIX TOJICH JJIsl pa3METKH TOYCK Ha
N300paKEHUSAX BEHTPHKYJIOTPAMM IIPH BBIICICHUH
KOHTYPOB JICBOTO JKEIyJ0YKa MpPEeANIOYTHTENbHEE
mpociexxuBanus. Ha mepBoM 3Tame 3TOro MeToja
MPOBOIUTCSA 00pabOTKa HA MajloM Macmrade
U300pakeHus,  TMONYYCHHOr0  (DaKTHYECKH B
pesyabTaTe  aHU30TPONHOM  mudQy3uu, Koraga
COXpaHEHbI KOHTYPHI HHTEPECYIOIIEro Hac OOBhEeKTa
Ha BCHTPUKYJIOTpaMMe — JIEBOTO JKENyJo4Ka, a
KOHTYpHl OOBEKTOB BHYTPU HErO (HAIpaBIISIOIIETO
mpoBoJga W Karerepa) W BHe ero (pebep)
criaxuBarorcs. Ha  BTropoM  a3tame  MeToza
MIPOBOANTCS o0OpaboTka yxKe HCXOAHOTO
M300pakeHus1, HO C OOJIBIINM MacImTaboM sl TOTO,
4TOOBI COXPAHUTH MIOMEX0YCTOWYHBOCTh PE3yJbTaTa
BBIJICJICHUS KOHTYpOB JICBOTO JKENIyJOYKa Ha
peapIAyIeM JTane MeToAa. OneHeHsl
XapaKTePUCTUKU Ka4yecTBa BBIICICHUS KOHTYpPOB
JICBOTO JKEITy0YKa HA BEHTPUKYJIOTPaMMaxX B KOHIIE
IUacToNbl W B KOHIE CHUCTONBL. B pesyibrate
9KCIEPHUMEHTOB OBIJIO MOKA3aHO, YTO MPUMEHEHUE
MHOTOIIATOBOTO METO/Ia AaKTHBHBIX KOHTYPOB C
WCTIOJNIb30BAaHUEM  CBEPTKM  BEKTOPHBIX  IOJEH
MO3BOJISIET BBIICIUTh CIA00 Pa3sTHYUMbBIC KOHTYPHI,

COOTBETCTBYIOIINE  KOHTYpaM,  IPOCIEKEHHBIM
KapIuOJIOTOM, YTO TOBBIMIAET JTOCTOBEPHOCTH
JIUarHo3a.
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Abstract: The method of the extraction of left ventricular contours is developed for ventriculograms which obtained by
radiological research of heart with the angiographic system. The proposed method includes the underlining of left
ventricular contours through the repagular wavelet transform and labeling the pixels of image by active contours that
reduced the error of detection of the edge and the area of left ventricle.
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For diagnostics of diseases of vessels the
radiographics reseach 1is actively used in a
cardiology. It is directed on verification of diagnosis
of ischemic heart disease, clarification of
localization of stenosis of vascular river-bed,
determination of tactic of medical treatment. At the
coronaroangiography, as a rule, the left
ventriculography is included. This procedure allows
to estimate the systole function of the left ventricle
with gemodynamical indexes (end-systole and end-
diastole volume of left ventricle, cardiac index,
shock index and other).

For the calculation of gemodynamical indexes
the left ventricular (LV) contours is extracted from
ventriculograms in one of projections at end-systole
and at end-diastole. The results of this procedure
influence on the error of assessment of cardiac
function of heart and, consequently, determine
accuracy of diagnosis. A fearture of angiographic
images is in that the improvement of quality of
extraction of LV contours even on a few percents
cans consederably increasing the accuracy of
diagnosis.

The perspective way for the improvement of
quality of extraction of L'V contours is application of
the active contours or shakes [1] and the repagular
wavelet transform (WT) developed by author [2].
Therefore the aim of this paper is elaboration and
research of method of extraction of LV contours
with the use of active contours and the repagular WT
for increasing of the quality of this procedure in
control automatic system of ventriculogram analysis
and recognition.

The vector field convolution (VFC) shakes is
used for labeling of ventriculogram pixels in
modification proposed in [3]. The multistep shakes
acccordantly to terminology [4] further will name
this modification. An initial problem is decided by
this method througth a few optimization sub-
problems.

The extraction of LV contours from
ventriculograms developed in this paper is based on
a functional diagram from a fig. 1 [5]. On the stage
of underlining transform according to [2] repagular
WT was used with the parameter of a=0,25. This
allows choosing the level of scale-space
representation of image in accordance with the aims
of processing and provides necessary robustness and
permissible error of segmentation result.

Multistep VFC snakes applied at labeling of
ventriculogram pixels realized in two stages.

On the first stage of the method an underlined
image was resulted by weigthed adding of image
r(x,y) got from uderlining transform and an image

f.(x,y) formed as a result of neural network

generalization. Then from the initial approach of
contour as a circle the VFC snakes is started.
Parameters values are chosen as R=1, y=0, e=0. Such
parameters results in the special case of VFC which
is the gradient vector flow. The use of it is
expediently on this stage as an underlined image is
not noised. Therefore this method extracts the LV
contours with the low error.

On the secong stage of multistep VFC snakes for
the extraction of LV contours from ventriculograms
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a contour got on the first stage of method is
improved. For this purpose the result of
gomomorphic filtering of initial image is processed
by repagular WT. Parameter of repagular WT on this
stage is a=1 for ventriculograms at end-diastole and
a=0,25 for ventriculograms at end-systole.

Ventriculogram
entering

I
| i
Thresholding Neural edge
detection
Low-pass
filtering Estimation
of segmentation
l feature
Underlining
transform
I
.
L Weigthed Labeling Segmentation
adding ~of image pixels|”] result

Fig. 1 — Functional diagram of method of extraction of
LV contours from ventriculograms

Then VFC snakes is started with the parameters
R=32; y=2,2; &=10"*. As an initial approach of
contour on this stage the resulting contour on the
first stage of the extraction of LV contours from
ventriculograms was used. To the LV contours gdot
on the second stage of the method the dilatation was
used in order to smooth small defects.

Results of the extraction of LV contours form
ventriculogram at end-diastole with the use of
multistep VFC snakes is shown on a fig. 2. By a
black line is marked a contour traced a cardiologist.

Fig. 2 — Result of the first stage of multistep VFC
shakes (a); second stage of multistep VFC snakes for
ventriculogram at end-diastole (b)

The results of extraction of LV contours were
calculated for 56 ventriculograms. If the method of
the paper [2] is applied with ¢=0,25 a mean contour
error is 7,05% and an area error is 4,31% for

ventriculograms at end-diastole. It means that
application of multistep VFC snakes decreased
contour error on 0,5% and an area error in 5,2 times.
Analogical errors for ventriculograms at end-systole
at the use of method of [2] were 13,19% and 6,64%
(a=0,25). Applying of multistep VFC snakes reduced
a contour error on 2,1% and an area error in 3 times.
A difference in ejection fractions after applying of
repagular WT with a=1 was 0,75% that on 0,8%
below what at the use of multistep VFC snakes.

Let’s compare the results of multistep VFC
snakes for the extraction of LV contours from
ventriculograms at end-diastole with results of paper
[1]. Application of classification method [1] is
resulted in contour error 5,97% that on 0,7% less
than contour error of elaborated method. A
difference in ejection fractions was 3,71% which in
4,3 times higher than for developed method.

Thus application of multistep VFC snakes for the
extraction of LV contours from ventriculograms
preferably than tracing. On the first stage of this
method an image is processed on the small scale
resulted as anisotropic diffusion when the contours
of interesting us object (the left ventricle) are stored
on ventriculogram and contours of objects into it
(sending wire and catheter) and surrounding
structures such as the ribs smoothed. On the second
stage of method the initial image is processed with a
large scale in order to save robustness of result of
the extraction of LV contours on the previos stage of
the method.
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Abstract: As grids consist of a large number of resources, fault tolerance forms an important aspect of the scheduling
process. In this paper, we address the problem of scheduling user jobs in grids so that failures can be avoided in the
presence of resources faults. We employ job replication as an effective mechanism to achieve efficient and fault-tolerant
scheduling system. Most of the existing replication-based algorithms use a fixed number of replications for each job
which consumes more grid resources. We first propose an algorithm to determine adaptively the number of job replicas
according to the grid failure history. Then we propose an algorithm to schedule these replicas. The proposed
algorithms have been evaluated through simulation and have shown better performance in terms of grid load,

throughput and failure tendency.

Keywords: Job scheduling; Fault tolerant; Replication; Grid Computing.

1. INTRODUCTION

Grid Computing enables organization of
geographically distributed computing resources in
different administrative domains into a single,
unified system for solving large-scale applications in
science, engineering and commerce. Resources can
be computers, storage space, peripherals, software
applications, and data. A middleware software layer
should be implemented to provide the basic services
for resource scheduling, monitoring security and so
forth [1].

Since grid resources are highly heterogeneous
and vary dynamically, either by fault or shutdown,
more faults are likely to occur in the grid computing
environments [2-4]. Faults are due to the inherently
unreliable nature of the grid include hardware
failures such as computer crash, link down, etc. and
software failures such as extra load, programs
removal, etc.

Reliable applications are designed in such a way
that grid can automatically recover from failures
without affecting the performance user needs
according to his required Quality of Service (QoS).
Grids should tolerate faults and continue to operate
to complete its computations. Fault-tolerant is the
property that enables grid to carry on its
computations even on individual component’s
failure without terminating the entire computation.
Due to the diverse nature of grid and large-scale

applications on grid, fault-tolerant becomes a
challenge on developing, deploying and running
applications on grid environments [1], [5-7].

In general, handling of failures by scheduling
strategies can occur either before or after the
scheduling of the resources. The first approach is
called Proactive and the second is called Post-active.
Post-active approaches, using techniques of job
monitoring, are relatively easier to implement. On
the other hand, proactive approaches require more
information about grid resources and works in a
probabilistic fashion.

In proactive approaches, such as replication, the
decisions of how to address possible failures in the
grid are made before the job is executed. An
effective proactive approach should provide a way,
with all available information considered, to avoid
any job from any possible failures. This potentially
reduces the failure rates within grid, and also
increases the capacity and throughput. This is unlike
to post-active methods where re-submission of jobs
typically leads to a decrease in throughput [8], [9].

All mechanisms proposed to deal with fault-
tolerant issues in grids are classified into three
categories. The first one is called space redundancy
or job replication. In this category, the same job is
replicated to be executed on multiple undependable
resources to guard the job against a single point of
failure. The second category is called time
redundancy or checkpointing and rollback. In this
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category, the state of a running job is saved to a
stable storage. This state can be used later in case of
any fault to resume execution of the job instead of
restating it. The third category is called adaptive. It
uses both job replication and checkpointing to
achieve the fault-tolerant.

In this paper, the job replication category is
considered in order to create a proactive fault-
tolerant scheduling system. In this system, two
algorithms are proposed. One algorithm is for
determining the number of replicas for each job,
namely, Adaptive Job Replication (AJR). The
second is used for selecting the resources that
execute these replicas, namely, Backup Resources
Selection (BRS). We then compare the proposed
algorithms with existing algorithms based on fixed
number of replicas and others based on dynamic
number of replicas.

2. RELATED WORK

A large number of research efforts have already
been devoted to fault tolerance in the area of
distributed computing. However, a little work has
been done for fault tolerance in grid environments.
Aspects that have been explored include the design
and implementation of fault detection services, as
well as the development of failure prediction, and
recovery strategies. The recovery strategies are often
implemented through job replication, checkpointing
or combined between them.

Replication is a key mechanism for developing
fault-tolerant and highly available grids. Replication
is based on the assumption that the probability of a
single resource failure is much higher than of a
simultaneous failure of multiple resources. It avoids
job recomputation by starting several copies of the
same job on different resources. With redundant
copies of a job, the grid can continue to provide a
service in spite of failure of some grid resources
carrying out job copies without affecting the
performance.

Checkpointing is the ability to save the state of a
running job to secondary storage so that it can later
resume its execution from the time at which it was
last stored. The purpose of checkpointing is to
increase fault-tolerance and to speedup application
execution on unreliable systems.

The work in this paper depends on using the job
replication mechanism. In the proposed system, we
need to determine the degree of over-provisioning or
job replicas as small as possible in order to minimize
the system overhead.

J. Abawajy [10] presented a distributed fault-
tolerant scheduling (DFTS) algorithm that couples

job scheduling with job replication. He assumed that
grid is divided into sites and each site has a
scheduling manager. Each scheduling manager acts
as a backup for another scheduling manager. The
algorithm uses fixed number of replicas for each job.
Each job replica is scheduled to a different site to be
executed. The number of replicas is specified by the
user at the time of job submission.

K. Srinivasa, G. Siddesh and S. Cherian [11]
proposed an adaptive replication middleware which
depends on data replication at different sites of the
grid. The middleware dispatches replicas to different
nodes and enables data synchronization between
multiple heterogeneous nodes in the grid. Data
sources are synchronized by using TCP/IP transfer
protocol.

M. Chetepen et al [12] provided some scheduling
heuristics based on task replication and rescheduling
of failed jobs. Their heuristics do not depend on
particular grid architecture and they are suitable for
scheduling any application with independent jobs.
Scheduling decisions are based on dynamic
information on the grid status and not on the
information about the scheduled jobs.

In [8], C. Jiang and et al proposed a replication
based fault tolerant algorithm which schedules jobs
by matching the user security demand and resource
trust level. The number of job replications changes
adaptively with the security level of the grid
environment.

3. OUR SCOPE

Since grid resources are highly heterogeneous
and dynamic, more failures are likely to occur in
grid environments. These failures affect the time
needed to execute jobs and then degrade the
performance of the grid. This is because if a
resource is unavailable, the system will search for
another suitable resource to execute the job. Thus,
there is a need to minimize the effect of these
failures on performance, when occurred.

Our scope is to use replication strategy to tolerate
failures as it is able to replicate each job to be
executed more than one time on different resources.
Replication provides an efficient way to guarantee
the completion of jobs according to the QoS
required by the user. Most of the existing replication
based algorithms uses a fixed number of replicas
[10], [13]. This fixed number of replicas can lead to
excessive utilization of resources and also to longer
response times of jobs.

The main contribution in this work is to design a
proactive fault-tolerant system using the job
replication strategy and to evaluate its performance.
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The design comprises proposing two algorithms.
The first algorithm is for determining the number of
job replicas adaptively, namely, Adaptive Job
Replication (AJR). Adaptive means the number of
replicas is not fixed for all the jobs submitted. The
second algorithm is for selecting resources that will
execute replicas, namely, Backup Resource
Selection (BRS). The proposed algorithms are
compared with the algorithms in [10], [12].

4. GRID SCHEDULING SYSTEM

Most of the existing grid scheduling systems
assumes the same architecture and the same set of
modules. These modules include: a User Interface
(UI) through which users can submit their jobs to the
grid, a Grid Scheduler (GS) assigns jobs received
from users to grid resources, scheduling decisions
taken by the GS are based upon information
provided by the Resource Information Server (RIS),
which collects the resource capability information,
such as CPU capacities, memory size, etc. The
scheduling system acts not only as an interface
between users and grid resources but also provide
reliable service to wusers. So, in fault-tolerant
architectures, additional component called Fault
Handler (FH) is included to handle failures in the
system. Handling failures include fault detection and
fault recovery.

In this paper, the assumed scheduling architecture
is shown in Fig. 1. It consists of geographically
dispersed resources managed by a single
administration unit. Currently only a grid
environment with a single centralized GS and RIS is
considered. In the grid architecture considered,
resources possess varying failure behavior. So, the
considered architecture contains a fault handler that
can deal with failures if happened.

The proposed scheme in this work considers the
fault occurrence due to resource failure. For
detection of such faults, grid scheduler allocates a
job to a resource once the user QoS requirements are
satisfied on cost, time or cost-time optimization.
After allocating the job the resource, the scheduler
expects the response of executing the job assigned to
that resource within a certain time interval. This time
interval is a function of the speed of that resource,
communication latency between the scheduler and
resource and queue length of the resource. If the
resource could not give the result of job execution to
the scheduler, it realizes that a fault has occurred and
in next step information about that fault is
maintained at resource information server (RIS),
which helps in taking replication decision while
allocating job to that resource in the next time.

5. PROPOSED SYSTEM

The proposed system tries to avoid the
occurrence of failures through applying proactive
scheduling. Also, the system tries to minimize the
effect of the failure if occurred. The system achieves
this through job replication. Replication means
generating multiple copies of the same job and these
copies will be dispatched to be executed on multiple
backup resources in parallel at the same time. So, if
one resource fails the job still has the chance to be
executed without effective delays on another
resource. When any replica of a job completes, all
other replicas of the job are located and terminated,
freeing up the backup resources. The system
determines the number of job replicas according to
the failure tendency of the resources assigned to the
job in the scheduling step. Also, it determines
backup resources that will execute these replicas
according to the current load of the resources
allocated to the job.
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Fig. 1 — Architecture of the Proposed System

Thus, the main strategy of our proposed system is
to minimize the effects of resources failures on the
performance of the grid. To achieve this job
replication mechanism is used.

The proposed system contains two main steps.
These steps are allocation step and replication step.
In the allocation step, the scheduler will select a set
of suitable resources for executing the job. The
selection of resources depends on the response time
of the resources. The response time is the summation
of the job transmission time from the scheduler to
the resource on which the job will be executed, the
job queuing time at the resource, the job execution
time on the resource, and the transmission time of
job’s execution results from the recourse to the
scheduler. Fig. 2 shows the operation of the
proposed system.
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For each job submitted by the user
{
Step 1(Allocation):
Receives a job with QoS requirements from the portal;
Requests a list of suitable resources the job from the RIS;
Receives a list of suitable resources from RIS;
Computes response time for each resource;
Sorts resources in an ascending order according to the
response time;
Determine the primary resource;
Step 2(Replication):
Requests the FT for each resource from the Fault Handler;
Requests the LH for each resource from the RIS;
Computes number of replicas for the job;
Determines the backup resources;

}

Fig. 2 — The proposed system’s operation

The Job Scheduler will receive a job from the job
queue along with the QoS required by the user.
Then, it will ask the Resource Information Server for
a list of suitable resources for executing the job
according to the QoS requirements of the user. The
Resource Information Server will reply with a list of
resources and their expected response times for the
job. The scheduler will sort this list according to the
response time of each resource. The first resource in
the sorted list is selected as the primary resource to
execute the job.

As any resource in the grid, this primary resource
may fail executing the job. So, in the replication
step, the system will choose some resources from the
list of allocated resources on which copies of the job
will be executed. These resources are called backup
resources.

Replicating a job can improve performance in
one of two ways. First, by starting a job to run
simultaneously on more than one resource, the job
response time is determined by the earliest
completion time among all replicas. As this can
depend on unpredictable load and usage patterns, the
replica can potentially improve the response time of
the job. Second, replicated job executions can also
help dealing with failure; then when one resource
fails, the adverse effect on performance of the jobs it
runs can be reduced if replicas complete without
failure.

There are two challenges in this work. The first
one is determining the optimal number of replicas in
order to avoid increasing the response time of the
job due to resources failure. The number of replicas
should not be high in order to avoid grid
overloading. The number of replicas or the backup
resources is based on the failure tendency of the
resources selected in the allocation step.

The second challenge is determining the backup
resources that will execute job replicas. So, even in
case of failure of a resource grid will be able to
complete the job and to get results of the job’s

execution from an alternate resource. In this work,
the selection of such resources depends on the
current load of the resources selected in the
allocation step.

6. ADAPTIVE JOB REPLICATION (AJR)

The AJR algorithm determines the number of job
replicas. In the algorithm, the number of replicas is
not fixed for all the jobs but it is dynamic. It is
directly proportional to the tendency of the selected
resources to fail. As the tendency of these resources
to fail increases the number of replicas increases and
vice versa. Thus, the number of replicas is based on
failure history of the grid resources and this it will
vary from job to job.

The failure tendency of a resource measures the
expected degree of it to fail. This measurement
depends on the history of the resource. Assume N is
the number of times the resource has failed to
complete jobs assigned to it and N is the number of
times the resource has completed jobs successfully.
Each time a resource is failed to complete a job the
value of N;is increased by 1 and the jobs assigned to
that resource will be distributed to other suitable
resources in the grid. Otherwise, the value of the N;
is increased by 1. The failure tendency FT; of
resource | is defined by:

Nf
FT,

S |
"N, +N, M

Assuming resources Ry, R, ..., R, are allocated to
the job j in the allocation step. The average failure
tendency of these resources is:

2 FT,
FT, =12 —— @)
n

The number of job replicas, k, is determined to be
proportional to the value of FT,. At least, we must
have one replica to be executed. So, the minimum
number of replicas is 1. Also, the number of replicas
should not exceed the number of suitable resources.
So, the maximum number of replicas is equal to n.

Fig. 3 shows the algorithm used to determine the
number of replicas for each job submitted. For each
job, there will be at least one replica. The algorithm
compares the value of FT; for resource j with the
value of FT, starting from the first resource in the
allocated list. If FT; >= FT, then additional replica is
added. The algorithm stops if FT;<FT, for any
resource j.
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For each job i submitted by the user
{
k=0;
j = first resource in the allocated list of resources for job i;
Do

’

++

next resource;

—_—— e —

While(FTj >= FTn);
}

Fig. 3— AJR algorithm

7. BACKUP RESOURCES SELECTION
(BRS)

After determining the number of job replicas, the
backup resources will be selected. So, even in case
of failure of a resource grid will be able to complete
the job and to get results of the job’s execution from
an alternate resource. In this work, the selection of
such resources depends on the current load of the
resources selected in the allocation step.

The load of a resource is the size of computations
done by the resource related to the resource speed.
RIS is responsible for storing the load history of grid
resources. The load history of a resource j is defined
as:

LH . =—c 3
s 3)

where W, is the total computation work, in
instructions, done by the resource j and S§j is the
speed of the resource measured in Million
Instructions per Seconds (MIPS).

For each resource j in the allocated list;
{
if(FT; > FT,)
remove j from the list;

}
Sort resources according to LH in ascending order;
=1
while(Replicas > 0)

{

Select j as a backup resource;

Replicas--;

jtt

}

Fig. 4 — BRS algorithm

Backup resources will be selected from list of the
allocated resources. The selection is based on the
current load of these resources. Fig. 4 shows the
BRS algorithm used to select the backup resources
for a job. Firstly, the algorithm selects resources
satisfying the condition: FT; < FT,. Then, the
selected resources are sorted according to the current

load of each resource. The sorting is done in
ascending order. The first k resources are selected as
the backup resources.

8. RESULTS AND ANALYSIS

Grid is a complex environment and it is difficult
to build a grid on a real scale to validate and
evaluate  scheduling  algorithms.  Therefore,
simulation is often used. There exist a number of
well-known grid simulators, such as GridSim,
SimGrid and NSGrid. However, all the above
simulators do not support fault-tolerant and they
have limited modeling for grid dynamics [12]. So,
we developed a grid simulator using Java 6 to
validate and evaluate our proposed fault-tolerant
scheduling algorithms.

The simulator provides multiple services. These
services include application composition and grid
configuration through manual inputs from users,
information services for resource discovery and fault
detection, services for assigning application tasks to
resources and managing their execution, and ability
to inject grid with some faults. Also, it allows users
to develop, validate and evaluate their own
algorithms.

The simulator is portable, since it is available for
Windows and Linux, and also other platforms. Also,
it provides extensibility and flexibility to simulate
the dynamic behavior of the grid. The simulator
supports several types of dynamic system
modifications such as alternating resource
availability. The communication between the
simulator’s components is dome through using the
message passing operations.

In this section, the performance of the proposed
algorithms is compared against the performance of
the replication-based algorithms in [10] and [12].
The comparison is performed within grid systems
with varying load and reliability.

In the simulation experiments, application are
modeled with different number of jobs ranges from
1000 to 5000. The size of each job is randomly
selected from 1KB up to 10MB. The number of
resources in the grid is around 1000 resources.

9. GRID LOAD

In this section, we show the performance on grid
load. In Fig 5, we observe that the proposed AJR
algorithm performs better than the DFTS algorithm
[10]. This is because the DFTS algorithm assumed
fixed number of replicas for each submitted job.
This leads to extra unwanted load. On the other
hand, the proposed AJR algorithm assumes a
different number of replicas for each job according
to the failure tendency of the resources. In general,
the grid load of the two algorithms increases with
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the increase in the number of jobs submitted. But,
the AJR algorithm introduces a lower rate of
increase than DFTS algorithm. This leads to a better
degree of scalability.

Fig. 6 shows the Grid load comparison between
the proposed AJR algorithm and the TR algorithm
[12]. In TR, the number of replicas for each job
depends on the number of free resources in the grid
suitable. It is shown that the proposed AJR
algorithm performs better than the TR algorithm
[12]. This is because the proposed AJR algorithm
considers the failure history of resources when
determining the number of replicas for each job.
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Fig. 5 — Comparison between the proposed AJR
algorithm and DFTS algorithm
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Fig. 6 — Comparison between the proposed AJR
algorithm and TR algorithm

10. THROUGHPUT

Throughput is one of the most important standard
metrics used to measure the performance of fault
tolerant systems [9]. It is used to measure the ability

of the grid to accommodate jobs. Throughput is
defined as:

Throughput(n) = Tl 4)

n

where n is the total number of jobs submitted and T,
is the total amount of time necessary to complete n
jobs.

Fig. 7 and Fig. 8 show the throughput
comparison of the proposed BRS algorithm with the
ATR algorithm in [12] for different number of jobs
submitted. The numbers of jobs are 1000, 2000,
3000, 4000 and 5000. The percentage of faults
injected in the grid is 10% in Fig. 7 and 20% in
Fig. 8.

mBRS mATR
2.03

2.02
2.01

1.99 -

Throughput

[y

o

ca
|

1.97 -
1.96 -
195 +

1000 2000 3000 4000 5000
No. of Jobs

Fig. 7 — Comparison between the proposed BRS
algorithm and ATR algorithm with 10% injected
faults
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Fig. 8 - Comparison between the proposed BRS
algorithm and ATR algorithm with 20% injected
faults
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It is shown from figures that the throughput of
the BRS algorithm is better than the ATR algorithm
for the whole range of job numbers. This is because
in the BRS algorithm the failure rate and the current
load of grid resources are taken into account when
selecting the backup resources. On the other hand,
The ATR algorithm selects free resources as the
backup resources regardless of its tendency to fail.
This leads to less faulty resources in the resulting
schedule than the ATR algorithm.

11. CONCLUSION

In this paper, we proposed a fault tolerant
scheduling system for grids that uses job replication
mechanism. The system contains two main steps:
allocation step and replication step. The main
contribution of this paper is in the replication step.
Two algorithms have been proposed and presented.
The first determines the number of job replications
and the second determines the backup resources on
which replications will be executed. The
performance of the two algorithms is evaluated
under different conditions using metrics such as grid
load and throughput. From results of experiments, it
can be concluded that the proposed provides better
performance.
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Pe3ome: Paccmampusaemcs cmpykmypa peKoH@Queypupyemou cucmemsvl HA OCHO8E OOHOPOOHOU BbIYUCTUMENbHOU
cucmem co cneyuanusayuet. Ilposeden 0630p MooepHuzayuy annapamuol yacmu 00HOPOOHOU GLIYUCIUMENbHOU cpe-
Obl, a MaKdice Memoovl BKIIOUEHUs. CNEYUATUIUPOBAHHBIX OIOKOS.
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RECONFIGURABLE CELL-ARRAY (RCA) BASED COMPUTER SYSTEM
WITH CELL SPECIALIZATION

Anatoliy Bilenko, Valeriy Sitnikov

Odessa National Polytechnic University,
1, Shevchenko avenue, Odessa, 65044, Ukraine,
anatoliy.bilenko@gmail.com

Abstract: Reconfigurable system based on cell specialization of reconfigurable cell-array computer system is pre-
sented. Analysis of specialized reconfigurable cell-array hardware and methods of specialized cell inclusion are given.

Keywords: architecture of computer systems, reconfigurable systems.

BBEOEHUE

PazButne pexkoHDUTYpUPYEMBIX BBIYHCIATETh-
HBIX CHUCTEM XapaKTEPU3yeTCs CTPEMHUTEIbHBIM I10-
BBIIICHUEM CJIIOXKHOCTH BBIUYUCICHUH. DTO IPUBOIUT
K HEOOXOIWMOCTH ONTHMAIBHOTO WCIIONBb30BaHUS
anmnapaTHbsix pecypcoB [IJIMC n Mukpocxem, Ha Ko-
TOPBIX peKOHPUTYpUpYyeMasi CHCTEMa CTPOUTCSI.

Becomslil BKIIaJ B cO3JaHUE METOJIOB U CPENCTB
MPOCKTUPOBAHUS PEKOH(MUTYPUPYEMBIX BBIUHCIIC-
HUU BHECEH OTCYECTBECHHBIMU U 3apyOeKHBIMU yue-
HBIMH, TakuMH kKak A.O. Menpank, A.B. Tlamarun,
B.H. Omanacenko, M.A. Kanses, U.U. Jlepun, E.A.
Cewmepnukos, B.U. llmoiinos, G. Estrin, S. Hauck,
D. Patterson. B paborax [1-3] moka3zaHbI cymiecT-
ByIOIIME Moaxoabl K peanusauuu PBY Ha ocHOBe
ITIJIMC. Pa6otsl [4,5] MoKa3bIBaIOT, IMOIX0/IBI, OCHO-
BaHHBIE Ha PEKOH(UTYpaIUU TOTIOTHHUTEIBHBIX arl-
TapaTHBIX CPEICTB, CO3MaHHBIX Ha ocHoBe [1JIMC.

B crathe mpemmaraeTcss MOAXOA K peaTU3aIUH

PEKOH(PHUTYPUPYEMBIX BBIYHCICHUN Ha OCHOBE BBE-
JICHUSI TOTIOJTHUTEIBLHOTO alMapaTHOro YPOBHA “TIO-
Bepx IIJIMC” — ogHOPOAHOM BBHIYUCIUTEIHHON CHC-
temsl (OBC), Ha OCHOBE KOTOpPOTro Mpearaercs
CTPOUTHCS BBIYUCIICHHUS.

Hanmnume cnenumanu3upoBaHHBIX — OJIOKOB B
[IUJIUC, cTtaBuT 3aAady ONTUMAIBHOTO BKJIIOYCHHS
aTHX pecypcoB B coctas OBC pexondurypupyemoit
CUCTEMBI.

1. ONUNCAHUE CTPYKTYPbI
PEKOH®UI'YPUPYEMOW CUCTEMbI

Pexkondurypupyemoe BBHIYHCIUTEIHHOE yCTPOU-
ctBO (PBY) omHOpOAHON BEIYHCIUTEIHFHON CHCTEMBI
(OBC) cocTouT U3 BBUUCIUTEIBHBIX Y€K, COCTHU-
HEHHBIX C JPYTUMHU slYeUKaMH BEPTHUKAJIbHBIMH U
TOPU30HTANBHBIMU CBSI3IMH, YTO IO3BOJISIET CYIIE-
CTBCHHO COKOHOMHUTH Ha KOJHMYECTBE COCTUHEHUA,
YTO MOBBIIAET HaJexkHOCTh PBY, u nenaer takyro
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CTPYKTYPY BO3MOXHOH [JIi MHMKPOIJIEKTPOHHOU
peanuzanuu. TumnoBasg BbIYKCIUTENbHAS —s4eiiKa
TaKOU CTPYKTYPHI IIpeACcTaBleHa Ha puc. 1.

FIFO KOHCUIY paLIu: = || 1

do emka L fe—>| (>

[d1]

—
e ! ] ! !
| e e
@ L ] ! !
ET .

Puc. 1 — Crpykrypa matpuunoii OBC

[Ipouecc koHgurypamum sueek 3aKimodaeTcs B
3alUCH KOH()UTYPAIIMOHHBIX JaHHBIX, Ha3bIBAEMBIX
MporpaMMaMy, B CIBUIOBBIE PECUCTPBI MPOTrpamMMbl
(CPII) xaxmoii staetiku OBC. Bee CPII coeamneHbl
IpyT ¢ APYroM B ONpENeNeHHOM IMOpsAKe, 00pasys
CABUTOBBIN peructp. [laHHble, 3aITUCHIBAEMBIEC B KaXK-
neiit CPII, xpaHsATCsS BO BHEIIHEW MamsTH, Ha3bIBae-
MOH KOH(HI'YpallMOHHOHM, a caM MHpoLecc KOHQHTY-
pammy CBOAWTCS K Tiepeave NaHHBIX U3 KOHpHUrypa-
nrorHo# mamsatu B CPIT staeex OBC, puc. 2.

Beoa, ngorgaMJm =
AelindpaTop KOMGHAI |

KOHUrypauwms

= %/
]
Caesa CaeBa
Crpasd KommyTaTtop mpaa%
Ceepxy Ci
HASY' Crvia

TamaTe ;

Puc. 2 — Apxurexkrypa s4eiiku maTpuunoit OBC

Pervctp nporpammsl

Slueitka OBC cocTouTt m3 perucrpa mporpaMMEl,
nemudparopa koMaH bl porpamMmbl, AJTY, kommy-
TaTopa M MaMATH, B KOTOPOW MOXKHO XPaHHUThH pe-
3yNnbTar mnponuion onepanuu AJIY uinu 3HadeHHE,
nepesaHHoe yepe3 KoMMmyTtaTop. Peructp mporpam-
MBI B Jemu@paTop KOMaHIbl SYCUKH MpeaHa3HAYC-
HBl g KoHburypupoBanus AJIY u komMMmyTaropa
STYEWKH, KOH(PUTypanus KOTOPBIX MMO3BOJSET BBHIOU-
paTh ONEPAIUIO, BHIMOJIHIAEMYIO C moMmoisio AJTY
JUT JJAHHOTO IIIara BRIYUCIIEHUH, a Takke KOH(HTY-
pupoBath coemuHeHHs sdeek OBC MaTpuilsl s
IIOCTPOEHUS BBIYUCIUTEIBHON CTPYKTYPBI.

HeoOxommMocTs B ONTUMAIBHOM — HCIIOIb-
30BaHWM Cclenuain3upoBaddslx Oioxo I[IJIMC, a
TaK)Ke€ aHalli3 YacTO MOBTOPSIOIMUXCS MoATpacdoB

Buaoggporpcmmm

WH()OPMAITHOHHOTO Tpada MPUBOIUT K ITOCTAHOBKE
3a/lauy CIelUaIn3aluu cTpykTypsl PBY.

2. CNEUMATTU3ALINA CTPYKTYPbI
PEKOH®UI'YPUPYEMOW CUCTEMbI

Br16op croxknoct AJIY 1 KOMMyTaTopa s4eiKu
OCYIIIECTBIISIETCA UCXOMAA U3 OTpaHUYEHUH, TUKTye-
MBIX IIOCTaBJIEHHOM 3amaueii. OueBnaHo, uto AJIY
SYEHKU JOIHKHO OBITh ONTHMH3UPOBAHO TIOJ BEI-
TIOJTHEHHE OTIepalyif, HanOollee YacTO WCIOIb3ye-
MBIX B BBIYMCIIUTEIHLHOM IIpOIIecce, a KOMMYTaTop —
MOl Pa3psAHOCTh OIIEPAaHIIOB, B KOTOPOH Hamboiee
ONTHMAIBHO BO3MOXKHO ONHCATh BBhIYHciIeHue. [Ipo-
Oyiema crieluaNy3alry si9eek BO3HUKAET B CBS3H C
HECOOTBETCTBHEM omepaluil, peanusyeMbeix Ha OBC
u apxutektypo sueiiku OBC. MoOXXHO BBIIEIUTH
CIIeMYIONINE BapHAHTHl TAKOTO MTPOTHBOpeYns [S]:

e OmepanuoHHas BeplIinHa WHOOPMAIIMOHHOTO
rpada OJHO3HAYHO COOTBETCTBYET apXHTEK-
Type sueiiku OBC (mOMHOCTBIO crienuanu-
3UpOBaHHAs CTPYKTYpa);

e OmeparnorHas BepIuHa WHHOPMAIMOHHOTO
rpada 4aCTUYHO COOTBETCTBYET apXUTEKType
suetiku = OBC  (WacThuyHO  crielMaIu3u-
pOBaHHAas CTPYKTYpa);

e OmeparnorHas BepIuHa WHHOPMAIMOHHOTO
rpada  anropuTMa  HE  COOTBETCTBYET
apxutektype sueiiku OBC  mponeccopa
(yHUBepcaiIbHas CTPYKTYpa).

Cospemennsie TIJIMC ¢upmer Xilinx u Altera

HUMEIOT B CBOEM COCTaBe CIEHUAIN3UPOBaHHbIE 0JI0-

Ku [6,7], mpeqHa3HAYEHHBIC U MPUMEHEHUS B 00-

nacTsx mudpoBoit 06padotku curaano (LIOC). Otu

BO3MOKHOCTH MCITONIB3YIOTCS JUIA TIOCTPOCHUS CIie-

UATM3UPOBAHHBIX SYEEK CIIOCOOHBIX BBIMOJHSATD

CIIO’KHBIE ONIepaIiy.

KonudectBo Takux OIOKOB orpanudeHo [6,7], a
pasmenienue ux BHyTpH [IJIMC dpuxcupoBano. Oue-
BUJHO, YTO pa3MelIeHHe siueeK Ha OCHOBE 3THUX OJI0-
koB B PBY OBC Toxe Oymer mpocTpaHCTBEHHO 3a-
(UKCHPOBAHO.

[Ipennaraercss BUAOUBMEHUTH CTPYKTYpy PBY
OBC Takum 00pa3oM, 9TOOBI 3aIeHCTBOBATH OTpa-
HUYEHHOE MHOXECTBO CIIEIIHAIN3UPOBAHHBIX SUEEK
[UIMC. Opnako creuuann3anys HE JOJDKHA CyIIe-
CTBEHHO MOBIUATH Ha cTpykTypy PBY OBC, a tak-
K€ Ha pa3paboTaHHOE MPOTrpaMMHOE OOecleyeHHe.
Hcxons u3 BhIIENEPEUNCIICHHBIX TPEOOBaHUMA U OT-
paHWUYEHHH, pearaeTcss MOAU(HUIIUPOBATh CTPYK-
Typy PBY crenyrommm 06pazoM: B KaXKIYIO CTPOKY
Marpuanoit OBC Bxmrowaercst AJIY, xoropas pas-
JieNgeTcss MEeXIy BCEeMH sA4yeikaMu 3TOH CTpOKH.
CoOOTBETCTBEHHO, AITOPUTMBI Pa3leeHNs JaHHOTO
AJIY nomxHBl ObITh OTpabOTaHBI IO 3Tara PEKOH-
¢urypauuu cuctemsl (puc. 3,4).
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Puc. 4 — CtpykTypa siueek CTPOKH U IIMHBI MaTpuuHoii OBC

Kak BUZHO, IPU OTKJIIOYCHHOW IIMHE CHENUATN-  HEHHs MPOTrPaMMHOT0 oOecreyeHus: pa3paboTKH pe-
supoBanHoro AJIY, crpykrypa saeek PBY OBC  kondurypupyemsix cucreM. OIHAKO TIPH HUCIOIB30-
MOXET OBITh MCIIOJIb30BaHa, KaK U paHee, 0€3 U3Me- BaHWUU CICIHATU3UPOBAHHBIX SYCCK BO3HUKAET 3a-

124




Anamonuii bunenxo, Banepuii Cumnuxog / Komnviomune, 2012, mom 11, evinyck 2, 122-129

nadn BeIOOpa, Kakas staetika PBY OBC moaseprueT-
CsA OIITUMH3ALINU.

3. OBOCHOBAHMUE BbIBOPA
KPUTEPUEB OMNTUMAJIbHOCTHU

Omnpenenenue mapaMeTpoB S4YEEK, K KOTOPBIM
IUTAHUPYETCS TMOAKIIOYATh  CICIHATH3HPOBAHHBIC
AJLY, sBusercst 3agaueil ONTHUMH3AIUU, OJIS pele-
HUS KOTOPOW HEOOXOoIMMa MWUHUMH3AIMS CIEIYF0-
UX [TOKa3aTeIen:

e KommdectBo sdeek S(?), B TaHHBIH MOMEHT
BPEMEHH, 3aHATHIX IO PeaTu3aIiio JaHHOTO
anropuTMa (ammapatHbIe 3aTparsl,
nmoTpeOIeHne);

e CxopocTh 00pabOTKH V(?) BXOTHBIX JaHHBIX
(TIpou3BOIUTENBHOCTD, TOTPEOIICHHUE).

[Ipu pemieHNE TOCTaBICHHOHN 3a7aud BBOJISATCS
OrpaHUYEHHUsI, CBsi3aHHbIE cO cTpykTypoil OBC, a
TaKXe, YIPOIICHHUS:

e OrpaHuyeHus:

oKonmnuectBo siueek N, OrpaHUYEHO;

OPa3zpsgHOCTH OTIepaHioB R, OTpaHUYEHA.

e VYmpouleHus:

0 Kiracc amroputmoB 3adukcHpoBaH. ITO
MO3BOJISIET TPOAHAIM3UPOBATE OTEpaIlun
UCTOJb3yeMble B  BepmMHax  rpada
AHAIMTUYECKN W HAJOXHUTH OMpPEIeICHHBIC
OTpaHUYCHUS Ha APXUTCKTYPY
BBIYMCIIUTEIbHON YEHKHU.

Hcxons w3 mepedrcieHHBIX KPUTEPHEB, 3ajada
hopmymupyeTcst ciemyonmM o0pa3oM: I KakIo-
r0 3JICMEHTa MHOXKECTBA BBIYMCIUTEIBHBIX 33j1a4 A,
CYIIIECTBYET ONTHMalbHas s4eiika Takas 4TO, BBI-
TIOJTHSIFOTCS ClIeytontue yciaoBus (1):

D" S(t)—>min
VAc A3 ZV(t)—)max (1)

Nc = const

Ro = const

B of0mem ciydae, 3agaya ONTUMaIbHOTO BKITIO-
YeHHWS W BBHIOOpA CIEIUANTM3UPOBAHHBIX SUYEEK IS
PBY OBC omncana cuctemoi cooTHomeHwmi (1).

OnHako, pelieHHe CUCTEMBl HANPSAMYIO, Mpe-
CTaBJsieT co00il KOMOMHATOPHBIH mepe0op BapuaH-
TOB JIOCTYIIHBIX A4Y€EK U MX pa3MelleHuil. Bpemen-
HBIE 3aTpaThl HA TaKOE PEUICHUE OICHWBACTCS Kak
codyeraHue U3 N, BOBMOXKHBIX 3aMeH B rpade airo-
putMa 1o K, KOIIMYeCTBY MOCTYIHBIX CIICIHATH3H-
POBaHHBIX SUEEK I NaHHOH cTpykTyphl PBY OBC.
BpemeHnHble 3aTpaThl Ha pelieHne KOMOMHATOPHBIM
METOJIOM, BRIP2)KEHHBIE B KOJIMUYECTBE MPOXOI0B al-
TOPUTMOB pa3MEMIEeHUsI W TPACCUPOBKH, MOXHO
OLICHUTH KaK:

N3!
AN, K = (N — Koo)] @

TunuuHoe BpeMs, 3aTpaunBaeMoe Ha TPacCUPOB-
Ky W PacCTaHOBKY sS4eek WH(OPMAIMOHHOTO rpada
aJIropuTtMa, U3MEPACTCA B ACCATKAX CEKYHI U BO3-
pacraer ¢ yBelIWYeHHEM pa3Mepa WH(HOPMAIMOHHO-
ro rpada anroput™ma u cTpykrypsl PBY OBC.

D¢ dexTHBHOCTh PabOTHl WHPOPMAITUOHHBIX Ce-
Teil, BBISIBJICHUE €€ CETMEHTOB C BBHICOKHMH 3Haue-
HUSIMU UCTIOIB30BaHUA €€ Y3JI0B, CBOIAUTCS K 3ajaue
0 MakKcHMaJbHOM ToToke Tpada cetu [8], a omru-
MaJIbHOCTh CTPYKTYpHl M €€ OBICTpOJEHCTBHE — K
KOJIMYECTBY MapalljIeNIbHBIX YYacTKOB rpada aniro-
putMa [8]. Tak kak cuctemy (1) B oOmmiem Buzae pe-
IIWUTb HEJIB3s, TO CICAYET UCIIOJIb30BATH (1)YHKHI/IIO
MaKCUMAJIBHOTO TIOTOKAa M MapauICIbHBIX BETBEH
rpada KaKk BEKTOPHBIA KPUTSPUN ONTUMHU3AINH, ITPH
HAXOXKJICHUM KOTOPOTO, OMPEACSIOT KOHQPUTYpa-
IIUIO CUCTEMBI.

4. ONTUMMIALIMU LIENEBbIX
OYHKLUA

IIpr nmoaroroBke K 3Talmy ONTHUMU3ALMUM CTPYK-
Typsl PBY OBC, HeoOxomumo momoOpaTs ONTH-
MaJIbHBIC ONEpalMu A PELIeHHs IOCTaBICHHOW
3afaud Uil pa3MEICHHA UX B CIELHaIM3UPOBaH-
HeIx AJIY. Hampumep, Ha puc. 5 mpeacTaBieHbl HH-
¢dopmanmoHHble Tpadbl onepauuii Hanbonee 4acTo
WCIIOJIB3YeMBIX B 3a7adax IMdpoBod 00pabOTKH
CUTHAJIOB.

Bribop onTuManbHON 3aMeHBl HabOpa BEpIIUH
MHPOPMAIMOHHOTO Tpada MPOU3BOIAT HCXOAS U3
KPUTEPUEB ONTUMAIBHOCTH M HAJIOKCHHBIX OTPaHU-
YeHUI, IPEACTABICHHBIX B cucTeMe (3):

max(oz1 - d(w)+«a, -‘P(w))

weWg
o +a, =1
i=1,N 3)

N
Zwl. =N-w,
i=1

rae @(w) — QyHKIMS MaKCUMAITbHOTO MOTOKA 4epes
nH()OpPMAITMOHHEIN Tpad, ¢ GUKCHPOBAHHBIMH 3HA-
YEeHUSIMU MHOKECTBA JIOIyCTHMBIX BECOB pebep W,
H(w) — OyHKIHS KOJIMYECTBA MapalIeIbHBIX BETBEH
nHpopManuoHHoro rpada, N — KOIMYECTBO sUeeK
JUTS 3aMEHBI, W) — UCXO/IHBIN Bec pebpa (puc. 6).
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BIM

BIM

a) 0) B)

Puc. 5 — Iloarpadg aaropurMa ucnoab3yemMblil 11
yBesn4eHust 3G (PeKTHBHOCTH HCNIOIb30BAHUS pecyp-

[1]

(2]

q uz (?

(4T =33

19309 (45=\{18

coB IIJIUC B anropurmax: a) BII®; 6), aGconl0THOIM

pa3HOCTH; B) GUILTPANUHA

[Tocne Toro, kak HalWJEHO perieHne CUCTEMBI (3),

NPOM3BOMIT aHanu3 Becos W, € W,,i =1, N . Bapu-

aHTaMU JJI1 Pa3MELICHUs B CIELUATN3UPOBAHHBIX
AJLY sBHsIOTCS T SUEHKH, KOTOpBIe OYAyT coeau-
HEHbI peOpaMu MaKCUMaJIbHOT'O Beca.

5. BbiIBOAbI

B crarthe paccMOTpeH MOJIXOM K CIEIHATA3aIUN

tunoBoit cTpykTypsl PBY OBC, a Takxe mocrasie-
HAa 3aJla4ya ONTUMU3AIMH CTPYKTYPhI CIICIIUAU3HPO-
BanHOH OBC ¢ BO3MOKHOCTBIO HCIIOB30BAHUS CY-
HIECTBYIOLIETO TMOAX0a pa3pabOTKU MPOrpaMMHOTO
obOecnieueHus: 6e3 ero mameHenus. [IpuBeneHsr 0co-
OCHHOCTH IIJIAHUPOBAHWUS W OPTaHMU3AIHU CTPYKTY-
pbl PBY co cnienmanuzanueit oneparui.

=

w0

Puc. 6 — Undopmanuonnsiii rpag u ero onTuMu3upyemble sqeiiku
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Development of reconfigurable computing
systems is characterized by a rapid increase in
computational complexity. This leads to the problem
of optimal use of hardware resources of ICs,
reconfigurable system is based on.

Significant contribution to the development of
methods and means of reconfigurable computing
design was introduced by ukraininan and foreign
scientiests, such as A.O. Melnik, A. Palagin, V.N.
Opanasenko, [.A. Kaliayev, 1. Levine, E.
Semernikov, V.I. Shmoylov, G. Estrin, S. Hauck, D.
Patterson. Several scientific researches [1-3] reveal
approaches to implementation of the reconfigurable
systems, based on FPGAs. Other papers [4,5] show
approaches, based on additional hardware
reconfiguration.

In this paper an approach to the implementation
of reconfigurable computing based on the
introduction of additional hardware layer "on top of
FPGAs" is reviewed.

Existing specialized units in the FPGA, sets the
problem of optimal inclusion of these resources into
the reconfigurable system.

Reconfigurable computing unit (RCU) of the
RCA consists of a computational cells, connected
with other cells of the vertical and horizontal
connections, which can significantly save on the
number of connections, which increases the
reliability of the system, and this structure makes it
possible for microelectronic realization.

The need to optimize the utilization of existing
specialized units of FPGA leads to the statement of
the problem of RCU structure specialization.

The choice of the structure of RCA cell is

performed according to the constraints imposed by
the a given computational task. Obviously, the cell
must be optimized to perform operations which are
most commonly used in the computation process.
The problem of the specialization of cells arises
from the mismatch of operations implemented in
RCA and RCA cell architecture.

It is proposed to modify the structure of RCU so
that use a limited number of specialfuction units of
FPGA. However, specialization should not
significantly affect the structure of the RCU, as well
as the developed software. Considering listed
requirements and restrictions, it is proposed to
modify the structure of the RCU as follows: in each
row of the matrix included specialized ALU, which
is shared between all the cells in that line.
Accordingly, ALU sharing algorithms need to be run
before the reconfiguration stage of the system.

In general, the problem of optimal inclusion and
selection of specialized cells for RCU is a
combinatorial search of the cells placement variants.

A typical time it takes to trace and place cells of
data flow graph (DFG) is measured in tens of
seconds, and increases with the size of DFG and the
structure of the RCU. This is not acceptable for
modern computing systems.

Effectiveness of computer networks and its nodes
utilization can be modeled with maximal flow
function on the network graph. Performance of the
system can be measured by critical path function of
the network graph.

While preparation to the stage of RCU structure
optimization, it’s needed to find optimal operations
for given computational task. Such operations
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should be included into ALU of RCU. For example,
fig. 1 shows typical DFG of operations used in DSP
computational tasks.

BIM BIM

I

v l Yy

a) b) c)

Fig. 1 — DFGs of computational tasks in DSP: a) FFT;
b), absolute difference; c) filtering

Selection of the optimal replacement set of the
DFG vertices is produced on the basis of optimality
criteria and imposed restrictions, represented in the
system (1):
max(o;1 - d(w) +a, -‘P(w))
welWg

a +ta, =1
w, eW,,i=1,N (1)

N
sz‘ =N-w,
i=1

where @(w) is a maximum flow function of its DFG,
¥(w) is a function of critical path of given DFG, N —
number of RCU cells to replace by specialized cells,
wy — starting weight of DFG edge.

Once the solution of system (1) is obtained, DFG
edges weight analysis is performed. The variants for
placement of specialized ALUs are the cells that are
connected by edges of maximum weight.

In the article an approach to specialization of
RCU of RCA is reviewed. The task of structure
optimization is set. Details of planning and
organization of RCU structure is shown.
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Abstract: This paper proposes an approach for optimization of on-chip memory size in data dominated embedded
systems. Large amount of array processing is being involved in this category. In order to produce a cost effective
system, efficient designing of memory module is quite critical. The memory module configuration being selected by the
designer should be well suitable for the application. In this regard, this paper presents a methodology for effective
optimization of on-chip memory. For sensitive applications involving large array processing, the entire processing has
to be done using embedded modules. While using such modules, care should be taken to meet optimized profile for the
design metrics. With help of loop transformation technique, relatively a good amount of memory size requirement is
reduced for the arrays. This approach results in a very close memory estimate and an effective optimization. This
methodology can be further extended to meet the high level memory optimization applications based on cache
characteristics. Speech processing front end mechanism is implemented and shows that this approach gives up to an
achievement 61.3% reduction of overall system memory requirement over the estimation approach. Results are
provided in terms of comparison of the two approaches of memory estimation and optimization with respect to both of
the program and data segments.

Keywords: Embedded systems, memory, estimation, and optimization.

1. INTRODUCTION memory optimizing transformations are employed to
reduce the memory size and number of accesses.
This aim at reusing of memory space, thus giving a
fast estimate of memory size. Though addressing
becomes complex, it is preferable to allow sharing
among arrays which aids in optimizing the memory
size.
Consider: inta [xyz];
int b [xyz];
This involves two arrays in sequential order. As
said above, if sharing is allowed between arrays, the

In today’s embedded systems, memory represents
a major bottleneck [1] in terms of cost, performance,
and power. Optimal designing of memory space is
very crucial in embedded system designing. Also, a
large amount of array processing is being involved
in current day embedded applications. Hence, it is
very critical to come out with methodologies for
memory size estimation and optimization. In
embedded applications involving large amounts of
data processing i.e. Data do_mln_ated embedded memory size reduces as follows:
systems, much power consumption is because of the Struct share
global communications and memory hit/miss rates. {
Thus it is important to estimate the memory
requirements for the data structures and code
segments for that particular application. Memory 3
requirement is defined as the number of locations
needed to satisfy the storage requirements of a
system. It is very important to effectively predict the
system’s memory requirements without
synthesizing, in order to obtain a high profile end
product, as it results in a reduced design time. In this
paper, we present an optimization strategy for
efficient on-chip memory requirement. Here
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int a;
int b;

struct share shared_array[xyz];

After allowing sharing between arrays, it
involves only one structured array. Here the array
sharing removes the conflicts between a and b there
by improving spatial locality.

The paper is organized as follows: Section 2
briefly reviews some previous work done in the area
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of memory estimation and optimization. The
proposed methodology is described in Section 3.
Section 4 gives a brief description about an
exemplary data dominated embedded system along
with its memory requirements, while its experiment
set up is explained in section 5. Section 6 and 7
shows the results of the task implemented and its
conclusion.

2. RELATED WORK

Embedded applications have a built in hierarchy.
An application is composed of several modules,
where each module consists of one or more code and
data segments. [2,3] employed optimization by
placing of frequently accessed data variables in on-
chip SPRAM and placing less frequently accessed
data variables in off chip RAM. Partitioning data
arrays that are accessed simultaneously in the same
processor cycle into different on-chip memory banks
[4, 5] forms a good optimization for array dominated
systems. [6, 7] showed that swapping critical code
and data segments from off-chip memory to on-chip
memory before the execution of the appropriate code
segment aids in efficient optimization. Except for
the swapping technique, which works on both code
and data, all the other techniques concentrate only
on data. Managing data is very important because
most of the embedded applications are data
dominated [8]. Stochastic search methods using
genetic algorithms [9] were heuristic. Storage
allocation methodology [10] employed compliers for
estimation. Our approach optimizes memory
module, while [11] dealt only with memory
allocation process. For general purpose systems
whose area of application is wide, the dynamic
memory allocation is supported by custom managers
[12]. Also, [13, 14] showed memory optimizations
and techniques to reduce memory footprint along
with power consumption and performance factors on
static data for embedded systems. Array based data
flow preprocessing considers program size as well as
data size [15] is applicable only for partially fixed
execution ordering. In [16], the design metric
constraints were area and number of cycles, while
the proposed methodology also considers power
consumption. Live variable analysis along with
integer point counting method [17] is not applicable
for large multi-dimensional loop nest as it needs
complex computations. [18] Is based on analysis of
memory size behavior taking into account that
signals with non-overlapping lifetimes share same
memory locations. Memory system design for video
processors [19] had constraints on area, cycle time.
[20] proposed data memory size and number of
cycles as design metrics. Memory allocation
problem [21] was solved by meeting optimum cost

but efficient memory access modes were not
exploited. To reduce the power consumption,
number of off-chip accesses as well as size of
storage during memory optimization, loop
transformation reordering is presented in this
methodology which is much more beneficial. This
proposed methodology is validated by performing
experimentation on a data dominated
communication module. Our approach even works
for multimedia applications involving large array
processing.

3. APPROACH

The output of our approach is an optimized
estimate of the memory size. This paper describes a
procedure for memory optimization for low power
embedded systems. Here the system consists of a
register file, a data cache and an instruction cache
on-chip, and a large memory off-chip. The first step
of the procedure is application of memory
optimizing transformations to reduce the memory
size and number of accesses. In involves the
application of loop transformations to reduce power
in data dominated applications.

Loop transformation aims at regularity and
locality of reference. It basically involves the
following:

a) Loop reordering

b) Loop fission

¢) Loop interchange

d) Loop fusion

Loop reordering allows arrays to share memory
space, thereby reducing the size of the on chip
memory. Loop interchange helps to reduce the
number of memory reads. The number of memory
accesses and the size of storage significantly reduce.
However, each transformation has its own special
legality test based on the direction vectors and on the
nature of loop bound expressions.

a) Loop reordering

Here the loops which employ arrays that are not
alive in the rest of the code are placed at the top such
that off chip memory size is reduced. Thus saved
memory can be used to accommodate other arrays.

Consider:  Loopl: For (i= 0; i<N; i++)

plil=q(b[i])

Loop 2: For (i= 0; i<N; i++)
rli]=f(s[i])

Loop 3: For (i= 0; i<N; i++)
a[i]=f(b[i].c[i].d[i])

Loop 4: For (i=0; i<N; i++)
tli]=f(ui])

After Loop reordering:

Loop 3: For (i= 0; i<N; i++)
a[i]=f(b[i],c[i].d[i])
Loopl: For (i=0; i<N; i++)
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plil=a(bli])

Loop 2: For (i=0; i<N; i++)
rli]=f(s[i])

Loop 4: For (i= 0; i<N; i++)

tli]=f(uli])
b) Loop fission
For the loops do not have any data dependencies
or which involves different access patterns, loop
fission is implemented.
Consider:  For (i=0; i<N; i++)
For (j= 0; i<N; j++)
p[i.j1=f(p[i,j-1])
q[i+1,j]=f(ali-1,1)
After loop fission
For (i= 0; i<N; i++)
For (j=0; i<N; j++)
p[i.jl1=f(p[i.j-11)
For (i= 0; i<N; i++)
For (j= 0; i<N; j++)
qli+1,j]=f(ali-1,])
¢) Loop interchange
It aids in reducing the memory accesses. Also, it
increases the variable usage by which they can be
easily stored in registers instead of storing in
memory module. Thus, the amount of on chip
memory reduces.
Consider:
for (n =0; n < 100; n = n+1)
for (m=0; m <100; m = m+1)
for (1=0; 1<2000; | = 1+1)
a[ilij] = 4 * a[i][il;
After loop interchange
for (n =0; n < 100; n = n+1)
for (1 =0; 1<2000; | = i+1)
for (m=0; m < 100; m = j+1)
a[il(il = 4 * a[ilil;
d) Loop fusion
It helps in reducing the number of memory
accesses and also the size of off-chip memory. This
is done is done if there are data dependencies
between the two fusing loops. This is because loop
fusion causes an increase in the size of the loop body
which in turn causes an increase in the minimum
cache size which in turn causes an increase in the
energy consumption.
Consider:
for (i=0;i<N;i=i+l)
for(j=0;j<N;j=j+1)
a[i]il.= 1/b[iIG] * c[ilhl;
for (i=0;i<N;i=i+l)
for j=0;j<N;j=j+1)
d[i]li] = a[illi].+ c[ibl;

After Loop fusion
for(i=0;i<N;i=i+l)
for j =0;j<N;j=j+l)
{

afilij] = 1/b[i]0] * clilll;
, d[i10] = afi][i] + c[i]0T;

Loop Lifor (=0, 12N 1= =1}
for {j =0;]=N;1=j+1)

q[l jFalij-1alij-2]

plLiFeli-1ilpli-2.0

Loop 2:for (i =0 i<N; i=i=1)
for j=0;j<N;j=j3*1)
fdiiFaliialii e Ioput
Loop 3:for (i =0;i<N;i=i=1)
for{j =0;j<N;j=j*1)
sfijl=pliil~di-1.i]

Loop 11:for (i =0: i< Mo i=i=1)
for (j=0;] <N;j=j+1}
qfifl=g[ij-11qlij-2]
Loop 12:for (i =0 i< N i=i=1)
for (j=0;] <N;j=j*1)
plid=pli-1ilpli-24]
Loop 2:for{i=00i<N;i=i=1)
for =0 ] <N j=j*1}
fijFafijafif 1k
Loop S:for{i=0;i<N;i=i=1)
for j=0;j<M;j=j+1)

Loop fizzsion

sfijl=pliili-1.]

Loop 11:for i =0; i< N;i=i=1)
for j=0; j<N; j=j+1)
qfi=g[ij-1+q[ij-2]
Loop 12:for (i =0 i< N i=i=1)
for(j=0] <M j=i-1
elid=p[i-1jl~p[i-2]
Loop 2: for{i=0;i<N;i=i+1)
for (=0 <M j=j+1)
fiiFaliil-gli; 1k
Loop 3:for (i =0 i<N;i=i=1)
(=0 =M =51}
s[ij]=pliil~<i-1.]

Il

Loop 11& Loop 2:
for(i=0;i<M;i=+1)
for j=0;j <M j=j=1)
afif=g[ij-11+gfij-I]
Aij=alli-alif 1%

Loop interchangs

Loop 12 & Loop 3: Loop fusion
for {i=0;i<N;i=#1)
for (j =0;i < N;j=i=1)
sl il=sli 2]
z[ijl=p[iildi-1.]
"[ ]" Onstput

Fig. 1 — Loop transformation flow

Thus the loop transformation technique reduces
memory requirements, as each iteration involves
fewer references. This in turn improves the cache
performance significantly. But splitting of the
involved references might reduce the number of
dependencies inhabited in the loop.

4. AN EXEMPLARY DATA DOMINATED
EMBEDDED SYSTEM:
SPEECH RECOGNITION MODULE

Speech recognition is one of the most significant
real time embedded application. In this, the entire
signal processing front end mechanism has to be
done using embedded modules. It basically requires
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efficient memory analysis as they are small in size
and are battery powered. As a result, memory
analysis of such a system is very valuable for system
design. Figure shows the speech recognition system
block diagram. The decoder’s computation is
iterative, and each iteration processes a new
observation vector from the speech front end. In
every iteration, each state in the recognition network
executes two steps:

1) Computation of observation probability for the
current observation

2) Examination all the incoming tokens and
selecting the best one.
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Fig. 2 — Speech recognition block diagram

Markov method is employed for time variants
having discrete state spaces. Each of the discrete
space state gives out speech perceptions as per its
probable distribution. Thus obtained speech
perceptions can be either discrete or continuous.
They basically represent frames. As the states cannot
be observed directly, it is termed as hidden Markov
model. The following is the speech recognition
algorithm. It consists of two parts. First is the search
algorithm and second is the processing part.

Memory bandwidth, a traditional bottleneck in
parallelizing speech computation, can be easily
overcome by integrating multiple blocks of memory
along with required logic on the same chip. This
reduces the power consumption as well as memory
access latencies.

The system has RAM memory to hold the
following:

e Frame length

o Real part of the intermediate FFT radix-2

stages.

e Imaginary part of the intermediate FFT radix-

2 stages.

o Mel-filter spaced values

e Quantization tables

Along with the above said, ROM is required to
store the following:

e To store Hamming window factors.

o Twiddle factors

o DCT factors

5. EXPERIMENTATION

The methodology employed the Texas
Instruments TMS320C6701 processor for the
experiments and Texas Instrument’s Code Composer
Studio (CCS) environment for obtaining the profile
data. The program memory consists of a 64K-byte
block that is user-configurable as cache or memory-
mapped program space while the data memory
consists of two 32K-byte blocks of RAM. Code
Composer Studio V2.2 [22] is employed to run the
applications. Initially the applications are compiled
with the CCS2.2 compiler with the default memory
placement made by the compiler. The compiled
application is loaded and simulated in the simulator
to obtain the profile information. [23,24,25]. the
main inputs for experiments on the speech
recognition module are the access characteristics of
the data segment. Also TI’s ASIC memory library is
used for the memory allocation step. The kernels of
the applications are developed in hand optimized
assembly code. The profile data is obtained by
running the compiled executable in a cycle accurate
software simulator. For obtaining conflict data we
used a bank of single-access RAM that fits the
application data size. The output profile data contain
frequency of access for all data sections.. In the due
process, the simulation and the estimation based
approaches are analyzed with respect to each of the
results.

6. RESULTS

Memory trace
The following are the memory estimation and
optimization values obtained.

Parameter Memory Optimized
Estimation | memory
Data segment 14 KB 7.1 KB
Program segment | 68 KB 43.2 KB
Total module 82 KB 50.3 KB

Memory trace for the implementation is shown in
fig. 3. It considers program and data segments on the
X axis and required memory size on the
corresponding Y axis. A plot of it results in a
memory trace which is the estimated size that caters
the storage requirements of both program and data
segments in accomplishing the task of signal
processing front end mechanism.
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Fig. 3— Memory estimation for Program and data
segments

Memory optimization

Fig 4 shows an effective trace vyielding in
optimized memory requirement. It considers
program and data segments on the X axis and
required memory size on the corresponding Y axis.
With help of loop transformation techniques this
methodology results in a reduction of 31.7 Kbytes.
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Fig. 4 — Memory optimization for Program and data
segments
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Fig. 5 — Memory estimation and Optimization
depiction for program segment
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Fig. 6 — Memory estimation and Optimization
depiction for data segment
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Fig. 7 — Total Memory estimation and Optimization
depiction
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7. CONCLUSIONS

This paper proposes an optimization strategy for
memory module in low power embedded systems.
The approach presented efficiently optimizes the
memory module, in turn optimizing the design time.
Loop transformations are applied to reduce the
number of off chip memory accesses and also the on
chip memory requirement. Also, the methodology is
validated by performing experiments on an
embedded speech Recognition module, showing an
effective reduction in the memory requirement of the
system. In this approach, loop level transformations
are applied for memory optimization, which
considerably reduces the number of memory
accesses. Depending upon the results, even
algorithm based optimization can be done with an
aim of further reducing the memory size.
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Pe3tome: Paspaboman memoo onpedenenus Yucia HeupoHo8 GHympenHe20 Cios OJisk 6ePOSIMHOCIHOU HeUPOHHOU cemu
Ha OCHOBe ONpedeeHUsi KOTUYeCmea epynn OaHHbIX NymemM OYeHKU HApYUeHUusl T0KAIbHOU NIOMHOCMU PACHpedeneHus
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onmumuzayuy. Paspabomannvlii memoo no360auL YAPOCMUMb CMPYKMYPY BEPOSMHOCMHOU HEUPOHHOU cemu u
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THE PROBABILISTIC NEURAL NET NEURON’S
NUMBER CALCULATIONS

Galina Shcherbacova, Victor Krylov, Oleg Logvinov

Odessa National Polytechnic University,
Prospect Shevchenco, 1, Odessa, 65044, Ukraine,
e-mail: Galina_onpu@mail.ru

Abstract: The sub-gradient method of estimation of the number of the hidden layer neurons of a probabilistic neural
network is suggested. This method allows evaluating the data compactness violation in A -space. This evaluation based
on the noise stability sub-gradient iterative optimization method. This method allows reducing the number of the hidden
layer neurons and classification time.

Keyword: probabilistic neural net, clustering, compactness, neuron’s number, sub-gradient optimization method.

BBEOEHUE WCTIONB3YIOT Pa3HOBHUIHOCTH PaJnaibHO-0a3MCHBIX
HC - Bepostaoctaeie HC (BHC), peamm3yromiie
knaccudukarop baiteca, u muorocioitaeie HC c
o0yuyeHreM Ha OCHOBE 00paTHOTO pacipoCTpaHEHHS
ommOku [4, 8, 9]. OcHOBHBIE 0COOCHHOCTH
paspaboTku  Takux  MHOrocioWHeix HC  —
HEOOXOJMMOCTh HMTEPaTHBHOTO BbIOOpa  4ymcia
BHYTpPEHHUX CJOeB [9], 3HaUUTENbHAS JITUTEILHOCTh
oOyueHnss mpu pa3paboOTKe W JOMOJHUTEIHHOTO
o6yuennss HC mpu u3MEHEHHH TPOU3BOJCTBEHHOM
CUTyallul, OTHICKAHWE JIOKAIBHOTO  ONTHMyMa
(dhyHKIMOHAIA KadecTBa MpU 0O0ydeHUH. B oTiamyme
ot HuX BHC oOyuatorcss OBICTPO M UMEIOT TOJBKO
OIVIH BHYTPECHHUI CJIOM. MakcumanbHOe
KOJMYEeCTBO  HelpoHoB  »toro cnos BHC

ABTOMaTI/ISaHI/IH TCXHUYECKOTO AUArHoCTUpOBaA-
Hus (TH) mo MHOrOMepHBIM, KOPpPEIHPOBAHHBIM
Mexmy co0oil mapamMerpaM TpU  KOHTpOJIE
TEXHOJIOTUIECKIX MIPOIIECCOB MIPOU3BOJICTBA,
KOHTpOJIE Ka4yecTBa, JIMarHOCTUPOBAHUU
HEUCHpaBHOCTEH 171631 (07071 mpemnoiaraet
WCTIONb30BaHNE METO/OB KIIaCCH(HKAINH, KOTOPHIC
YacTO PEaJU3yl0T Ha OCHOBE HEWPOHHBIX CeTeil
(HC) [1-8]. D10 00ycnoBneHo THOKOH CTPYKTYpOM
HC wu BO3MOXHOCTBIO OBICTpO TIepeoOydaTh
KJIacCU(PUKATOp HAa WX OCHOBE MPH H3MEHEHHH
MPOU3BOJCTBEHHON CUTYaIUH.

Yame Bcero mns TakoW  KiaccU(UKAIUU
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OIIpENENsAeTC KOJMYECTBOM BEKTOPOB HCXOIHBIX
naHHbIX. Takoit Bapumant BHC otnuugaercs (B
ciyyae OonbIIMX HAOOpOB AaHHBIX AN OOydYeHHMs
HC) 3naunTenpHON CIOXKHOCTBIO CTPYKTYPHI CETH U
00JIBIIUM BpEMEHEM, HEOOXOTUMBIM JUTSI TIPUHATHS
auarHoctuyeckoro  pemenus.  Iloatomy — mpum
paszpaborke BHC BaxHO COKpaTHUTh KOJHYECTBO
TaKUX HEMPOHOB IyT€M IPYNIMPOBKHU OJU3KUX IO
3HAYEHUSIM JaHHBIX. OTO TMO3BOJSAET YIPOCTHUTH
ctpyktypy BHC u cokpaTuTh BBIYUCIUTEIbHBIC
3aTpaThl IPHU €€ IKCIUTyaTaryu [5, 8].

Jns  Takod TIpPYyNNUPOBKM U OINPEAEIICHHUS
KOJIMYeCTBAa TPYNN B JaHHBIX 4Yallle BCEro
HCIONB3YIOT Kiactepu3auuio [6, 8]. OcHOBBIBaeTCs
mpolenypa KJIAacTepH3allud, Kak IIPaBUIoO, Ha
TUIOTE3¢ KOMIAKTHOCTH, KOT/Ia JaHHBIE OJHOTO
Kjactepa COMMKEHBI, a Pa3HbIX KIacTEepoOB —
pa3HECeHBI B TIPOCTPAHCTBE NpH3HAKOB [6, 7].
IToMexoyCTOMYMBOCTE M TOYHOCTH IPOLIEIYPHI
TPYHIHPOBKH 00y CJIOBIECHBI cBOMCTBaMHU
HoKasarenei ONTUMAJIBHOCTH KOJIN4YECTBA
KJIAcTepoB [6]. DOTH CBOWCTBA OMPEACTAIOTCA
Ccrnoco0aMu  OLEHKH  KOMIIAKTHOCTH  JaHHBIX
KJIacTepa M PacCTOSHUS MEXOy Kinactepamu. llpu
OLIEHKE 3TUX I[apaMeTpoB 10  EJUHUYHBIM
MaKCHMAJbHO COJIMOKEHHBIM WM YIaJCHHBIM B
MIPOCTPAHCTBE NPU3HAKOB [AHHBIM — ITOHMKACTCS
[IOMEX0YCTOHYNBOCTb, eciu npu OLIEHKE
YUUTBHIBAIOTCS MapaMeTpsl Bcero Habopa JaHHBIX (C
pacueToM CpeAHEro 3HAueHHsl, MEIUaHbl U JAPYTUX)
—  IOBBILIACTCA MIOMEX0YCTOHYHNBOCTb, HO
CHIDKAeTCsl TOYHOCTb. [3-3a TNPOTHBOPEUMBOCTH
3TUX CBOWCTB JaXe B ClIy4yae KOMIIAKTHBIX,
yHAIEHHBIX OPYT OT IpyTa KJIacTepOB 3HAUYUTEIBHOE
YUCJIO 3TUX TOKa3aTesiel JaeT HEBEPHBIN pe3ysbTaT
[6, 7, 13, 14]. B cBsI3u ¢ 3THM C 1LIETIbIO 00ECTICUCHUS
KJIacTEpU3alliK B CIydae KjacTepoB OoJiee CI0XKHOM
(GopMBI TpeJIOKEHa TUIOTE3a A - KOMIAKTHOCTH,
MO3BOJIAIONIAsl ~ NPOBOAUTH  TPAaHULY  MEXKIY
KJlacTepaMH Ha OCHOBE OLCHKM H3MEHEHUS
JIOKAJIbHOW TIJIOTHOCTU pPAacloNOXKEHHUS [aHHBIX B
MIPOCTPAHCTBE MPU3HAKOB [15]. Onnaxo
(dbyaxmmronan [15]

F=h'"d, (1)

Ha OCHOBE A - KOMIIAKTHOCTH TO3BOJISICT MOJYYHUTh
KJIaCTEPhl C OJMHAKOBBIM KOJMUYECTBOM OOBEKTOB,
YTO HE OMNpPaBJaHHO NpPU TPYNNHUPOBKE NAHHBIX U
MOXeT ycnoxHuTh cTpyktypy BHC. Ilapametpsl B

(1) xapakrepusytor: d — paccrosiHHEe MEXIY
JaHHBIMH B TIPOCTPAHCTBE  MPHU3HAKOB, T -
JIOKAJIbHYIO HEOJTHOPOTHOCTh TJIOTHOCTH

MHOY€eCTBa; h - paBHOMOIIHOCTE KitacTepos [15].
B cBs13u ¢ 3TMM omnpezaeneHne KOJIN4eCTBa TPYIII
B JAHHBIX TpeAsaraercsi INpPOBOJAUTh, HCCIEAys

kpurepuit K = max(k,) [16],

=D e, @
f(1)
rne f(i) — cpenmee A — paccrosHue Ipu

N00ABJIEHUH 1 — 0 3HAYEHHUS K TPYIINE JAHHBIX.
[Tapamerp k. B (2) xapakrtepusyer HapyIueHHs
JIOKAJIbHOW OJHOPOJHOCTH PAacCIpe/leeHns] JaHHbBIX
B A- TPOCTPAaHCTBE ¥ YHCIO TPYIIl B HHUX.
M3MeHeHHe 3TOro mapamerpa B 3aBHCHMMOCTH OT 1
ONHKCHIBACTCS  TOJUMOAAIBHOW,  3allyMIJICHHOU
3aBHCHMOCTEIO. B pabGore [17] misg moucka
ONTHMyMa TaKWX 3aBUCHUMOCTEH NpH OIpeneleHnn
KOJIMYECTBA KJIACTEPOB IMPEIJIOKEHO HCII0JIb30BaTh
pa3paboTaHHBI aBTOpAaMH CYOTPaJUCHTHBIA METO]
ONTHMHU3AIlMA B  TPOCTPAHCTBE  BEWBIET —
npeoOpa3zoBaHus (BII), c TTOBBIIICHHOMN
MOMEXO0YCTOWYUBOCTHIO, HU3KHMH TIOTPEIIHOCTHIO U
YYBCTBUTENBHOCTRIO K JIOKAIBHBIM 3KCTPEMyMaM
[18]. Takoit momxom MO3BOJIAET PA3lCIUTh TaHHBIC
Ha JIBa KJIacTepa, TaK Kak MpH olleHke K; st Bcero

HaOopa [aHHBIX aMIUTUTYJa MOCIEIYIOMHX MO
MEHBbIIIE TIEPBOI MOJIbI B HECKOJIBKO JECSATKOB pa3. B
CBSI3M C 3THM B JaHHOH paboTe mpeisiaraercs mocie
[16, 17]

kpurepuss K = max(k;) ¢ momorusto storo merona

pacuera Kk, OTBICKUBATh MAaKCHMYMBI

ontuMmu3anuu [18] uTEepaTWBHO, HCKIIOYas IIPH
oleHKe K, MaHHbBIC, OTHECEHHbIC K MpEABLIyLICH

rpynmre.

Llenb paboThl — pa3paboTaTh METO. ONPeIEIICHHUSI
KOJMYECTBA TPYNN B [aHHBIX U  YIIPOLICHHUS
crpyktypet BHC. J[Ins nmocTwkeHuss STOW 1eiau
NPOBEJCH  AHANM3  CYIIECTBYIONIMX  METOJOB
IPYNIHPOBKH Ha OCHOBE METOJOB  OIICHKH
KOJIMYECTBA KJIACTEPOB; pa3paboTaH METOJ MOUCKA
koopauHatT ontumymoB kpurepus K = max(k,) u

Ha €ro OCHOBE — KOJHUYECTBA TPYIMIN B JAaHHBIX IS
obyuenus BHC.

1. AHAINTI3 METOOOB OLIEHKU
KOJIMYECTBA KITACTEPOB

Jns OLeHKM KOoJW4YecTBAa TIPYyNI B JaHHBIX
BBEJICHBI MTOKa3aTelld Ha OCHOBE OLIEHKH OTHOIICHUS
JUCTIEPCUH TaHHBIX BHYTPH KJIacTepa K pacCTOSHUIO
Mexay Kiactepamu [6, 14]. Otu mnoxazarenu
OTIIMYAIOTCS PSAAOM HeJocTaTkoB. Tak, mporemypa
omnpenencHus mokasarens ['yoepra [19] ormmgaercs
cnaboii  cremneHplo  QopmManuzalyu  (KOJIUYECTBO
KIJIACTEPOB OMpEENIeTCs 1O KOOpPAHHATE CaMoro
OCTpPOT0 yTila MEeXy OTPEe3KaMHu KyCOUYHO-JIMHEHHON
KpuBoi Ha Tpaduke). Pesymprar ompeneneHus
YHcIa KIACTepoB CyOTpakTHBHBIM MeTomoM [11]
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3aBUCUT OT HCCKOJIBKUX 3a/laBa€MBIX 3BPUCTUYCCKHU

napaMeTpoB. Y mnokazareneil JlaHHa u psga
noka3artesiei bexneka-Ilama — HU3Kas
IOMEX0YCTOUYUBOCTB, OHH B OCHOBHOM
OpPUEHTUPOBaHbl  Ha  pa3Jej€HUE  KIACTEPOB

runepchepuueckoir popmsl [6]. [dns ompeneneHus
KOJINYECTBAa KJIACTEPOB Oojee CIOKHOH (GOpMBI
pa3paboTaHbl METOIbI OLEHKM Ha OCHOBE aHaM3a
KpaTyailero He3aMKHYTOTO ITyTH, COEIMHSIOLIETO
TOYKH B MpocTpaHCTBe mpu3HakoB [20]. OgHako
TaKo MOJXOJl MOHIXKAET MOMEXO0YCTOMYHUBOCTh. B
pabote [6] oOlleHKa KOJIMYECTBAa KIACTEPOB ObLIa
NpoBeJieHa JUIsI  TECTOBOrO  Habopa  JAaHHBIX
X, (puc.1, a) ¢ momompio Gosiee YeM IBaALATH

HoKa3aTeJiel.

140 T T T T T T

120 oA

a0} i
B} Fgo© .

40+ B

xl &8k

L L
il 20 40 60 0 100 120 140

358

258+ q

Log k

Puc. 1 — /lanable (HemMeHOBaHHBIE) [6] mi1s1
omnpeaegeHus1 KOJU4YeCcTBa KiaacTepos (puc. 1, a);

snavenust Log(k;) (2) no meropuxe [16] (1 na

rpadguke) 1 1o npeaaaraemMoi Meroguke (2 Ha
rpaduke) (puc. 2, 6)

Otu panHeie (puc.l, a) HEUMEHOBAaHHBICE U
COCTOSIT M3 TPEeX KOMIIAKTHBIX TPYHI IO JAECATh
TOYEK B ABYMEPHOM MPOCTPAHCTBE MPHU3HAKOB.

B pesynbprare wuccienoBaHui, MPOBEAEHHBIX B
pabote [6] ee aBTOpaMu BEpHOE pa3JeicHUE Ha
KJIACTEPHI I MaHHBIX (puc.l, a) MoKa3ano TOJIBKO
oxono 50% moxazateneii [6].

B cBa3u ¢ stuMm B paboTre mpemiaraercs
OMPEIENATh KOJMYECTBO KIIACTEPOB, TEpeias B A -
IIPOCTPAHCTBO, OLIEHUBAs HAapyLICHUs JIOKAJIBHOU
IJIOTHOCTH PACHPENEIICHUsS JAHHBIX IIOCPEICTBOM
OTBICKaHUSI ONTHMYMOB Ha OCHOBE pa3padOTaHHOTO
aBTOpPaMH CyOIpaMEHTHOTO MTEPAaTUBHOTO METOJA.
IlockonbKy aMIIMTyJa BTOPOM M TMOCIEAYIOIIUX
MOJ MOXXET OBITh MEHBILE IEPBOH B HECKOJBKO
JIECATKOB pa3 B paboTe Ipeaaraercs Iocie pacuera

k. [16, 17] OTBICKMBATH MAaKCHMyMbI KPHTEpHS

K =max(k;)

CYMMHPOBaHUS

IoCJICA0OBATCIIbHO, MCKIHO4Yasa U3

oneHke k.

1

npu JaHHBIC,

OTHECEHHBIE K MpebIayIIel rpymnme (Kiacrtepy).

2.METO[ BbIBOPA YUCIIA TPYMN

Merton onpeneneHus 4nucia KiacTepoB (Tpymi) B
MaHHBIX I Kiaccupukanmum ¢ nomomsio BHC
MIpenoaraeT cIeaAyoe Tamsl.

Oran 1. OroOpakeHHe MapaMeTpOB MAaHHBIX U3
€BKJIMIOBA B A- MPOCTPAHCTBO: IOCTPOCHHUE
NOJAHOTO Tpada B EBKIMAOBOM HPOCTPAHCTBE;
pacueT HOPMHUPOBAHHOTO PACCTOSIHUA MEXIy BCEMHU

o..
mapamu  ero  BepmmH d, =—;  pacyer
"D
XapaKTEPUCTHKH JIOKATBHOM MIIOTHOCTH MHOKECTBA
B OKPECTHOCTH 1-ro pebpa T, = . (3mecn
imin’[max

O, - paccTostHHe MeXay 1-o0if mapoit BepumH; D n
Bimin -

KOPOTKOTO pedpa;

JJIMHa  caMoro JJJIWMHHOIro MW  CaMoro

T - HauOoJbIlee 3HAYCHUE

max

o.
T :B—’); pacuer JumH pebep Tpada B A-
npoctpancTee kak A, =1 xd, [15].

Dran 2. Iloctpoenne A- rpada Kpardaifmiero
HE3aMKHYTOrO0 IMyTH COTIAaCHO AP- alIrOPUTMY C
Y4ETOM BEpOSTHOCTH pa3phiBa ero pedpa [16]

A
Piz == 3)

T
Z xiz
=1

Oram 3. Pacuer mokasarens KadecTBa kj 2),

€CIIM BCE [aHHBIE CIPYIIIHUPOBAaHBI — IEPEXOJ K
sramy 5.

Oran 4. IMoumck makcumyma K =max(k;) ¢
MOMOIIBIO CYOTPaJIMEHTHOTO METO/a ONTHMHU3AIUH
[18]. B pe3ynbrare HCXOIHOE MHOXKECTBO OOBEKTOB
pasmensercss Ha nBa Kiactepa (rpynmsl). Pe6po,
COCJIMHSIONIEE TICPBYIO TPYNIy C OCTAIbHBIMU
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MAaHHBIMH,  pa3pbiBaeTcs. Ecimm  ocraBmuxcs
HECTPYIIUPOBAHHBEIMU JTAaHHBIX 00JIee€ OTHOTO —
BO3BpAT K dTamy 3.

Oran 5. [ng Kaxaoro Kiacrepa ONpelessitoTcs
KOOPIUHATHI ero [eHTpa (xak OlLICHKA
MaTeMaTHYECKOTO OXXUIaHUSA). [Tonyuyennsie
MaTeMaTH4eCcKHue OKUIAHUS HCIIONB3YIOTCS Kak
KOOPIWHATHI IICHTPOB paWabHBIX  3JIEMEHTOB
ckpeitoro  cimoss  BHC  [10].  Omnpenensiercs

KOJIMYECTBO KJIACTEPOB 1M, .

Oran 6. OnpenensitoTcs pPacCTOSHUS MEXAY
LEHTpaMu Kinactepos. Onpenensercs MakCUMaIbHOE

PacCTOAHUEC MCKAY HCHTPpaMH KIIACTCPOB dmax nu

LIMPHHA paJualbHOH Oa3ucHOM (QYHKUUHM Kak

G:—dmax [8].
A\/2m,

VYka3zaHHBI MeTox OBII MPOBEpEH Ha HpUMeEpe
OIICHKH Ka4ecTBa TMAasHBIX COCNWHEHWHA TIpH
MOHTaXe  WHTerpaidpHBIXx cxeM (MC) Ha
MOBEPXHOCTH IyTEM HCCIICIOBAHUS MX OTKJIMKA Ha
BO3JIEMICTBHE WMITYJILCHOTO JIA3€PHOTO H3IYy4YCHUS
[21]. Jlms BEIIBICHUS HEKAYECTBEHHBIX MAaSHBIX
coequHennii ¢ nomoipio BHC 6pl1a pemena 3agaua
KiIacCHpUKaMd W [OCTPOCHa  IMOBEPXHOCTH,
paszernstomas B TpocTpaHcTBe mnpuszHakoB HC ¢
Ka4eCTBCHHBIMM M JC(PEKTHBIMH  TasHBIMHU
coearHeHUsIMH (puc.2, 0).

B kadecTBe mpW3HAKOB IMPH pPACIIO3HABAHUH B
pabote [21] ee aBTopoM (Sheng) ObuM BBIOpPAHBI
nBa. IlepBblii mpHU3HAK — 3TO OTHOCHUTEIBHOE
OTKIIOHCHHE OTKJINKA Ha BO3JICHCTBHE IIA3€PHOTO
mirydeHnst dTaoHHOM MC ¢ KadecTBEHHBIMH
MasHBIMH COSOWHEHUsIMU U wucciaenyemor NC —
f(t) BO BPEMEHHON obmactu

[ -r(v)dt
Er =
j (r(t))*dt

TepMUHOJIOTHEH paboTel [21] 3TOT mapamerp
0003HaueH KaK MaKCHMaJbHBI YPOBEHb OIIHNOKH.
Bropoit mpusHak — mepBas COOCTBEHHas 4acToTa
BuOpamn MC ¢ TasgHBIMH ~ COEIMHEHUSIMH
(mpeobmanaroras 4acToTa Ha puc.2
(cooTBeTCTBEHHO 0003HAYCHHSIM paboTHI [21])).
[pu  wnaccudukanuu, TNPOBEACHHOW  TO
MeToquke aBTropa pabotel (Sheng) [21] kaxkmawiid
BEKTOp B TPOCTPAHCTBE MPHU3HAKOB COOTBETCTBYET
omHOMY HeipoHy ckpbeitoro cimosi BHC. Ilpu stom
JTaHHBIE, COOTBETCTBYIOLINE KaUYECTBEHHBIM MasHBIM
coeaunenusm [5,11 0; 5,05 0,1; 5,12 0,15 5,12 0,2]
[21] (mepBbIit mapamMeTp — MpeodIamaroas 4acToTa
BuOpammn HWC (B COTHSIX KWJIOTEpL), BTOPOM
mapaMerp — MaKCUMAIBHBI YpPOBEHb OIITHOKH)
MIPENICTABIAIOT COOOHW KOMIIAaKTHYIO TpYMIy B
HIDKHEH uactu puc.2, a. I[loaTtomy KoindecTBo

. Ha puc.2 B cootBeTCTBUM C

metiponoB BHC mms HMC ¢ kadecTBEHHBIMH
MassHEIMM COeAuHeHusMu coctaBuiio 4, mia WC ¢
HEKa4eCTBEHHBIMU MasHBIMU COeIUHEHUsIMH — 16.
Bpemsi moctpoeHns paszmensiomiell MOBEPXHOCTH
npu kiraccudukanuu st takoin BHC mo merosuke
paboTsl [21] cocTaBmiio 5,9 c.

Ilocne  rpynmupoBKHM — MCXOAHBIX  JAaHHBIX
IpeaaraeMbIM B 3TOH paboTe METOIOM KOJIUYIECTBO
HeliponoB BHC nmisi KaueCTBEHHBIX COCTUHEHUN —
IBa, C KOOpPAMHATAMHM B NPOCTPAHCTBE MPHU3HAKOB
[5.08 0.05; 5.12 0.175] m i HeKadeCTBEHHBIX
MasHBIX COEQUHEHHH — IIATh C KOOpAUMHATaMHU
[5.151.25; 5.0925 0.905; 5.097 0.55; 4.45 0.55; 4.43
0.88]. Bpems MIOCTPOEHUS pazzenstonieit
MIOBEPXHOCTH NpPH KJIAaCCU(PUKALUK B TOM Cllydyae
coctaBuio 2,56 c. BeposTHOCTHast HEMpoHHAsA ceTh
chopmupoBaHa Ha ocHoBe Meromuku [10] wm
CTaHIApTHBIX ITporpaMm makera MatLab [10, 22].

Pacuers mpoBenensl Ha KommbioTepe Intel
Celeron D 326, 2533 MHz, 1 Gb O3Y B cpene
MatLab 7.0 [10, 22]. C wucnoJb30BaHHEM
CTaHJIApTHBIX MPOTPaMM 3TOr0 MakeTa ObUIa TaKke
MIPOBEJIEHa IPYIIHUPOBKA JaHHBIX O KAYECTBEHHBIX U
HEKAUeCTBEHHBIX MAasHbIX COCOUHEHUSX JBYMS
METOaMHU: c [IOMOIIBIO CyOTpaKkTHBHOM
kmacrepm3aruu - [11, 22] ®w ¢ OMOIIBIO
arJIoMepaTUBHOTO HEepapXUUYecCKoro merona [6, 7].

IIpu CyOTpaKkTHBHOM KJIacTepu3aluu
MOCTIEIOBATENFHO MMl KaXXAOH TOYKM JAHHBIX B
MIPU3HAKOBOM TIPOCTPAHCTBE BBIUMCIAETCS Mepa
CHOCOOHOCTH MpPEACTABIATh LEHTP KiacTepa. JTa
Mepa MO3BOJISIET OLIEHUBAaTh IJIOTHOCTh
pacmonoXeHus TOYeK [JaHHBIX B IPOCTPAHCTBE
MPU3HAKOB BOKPYI HCCIeayeMol Touku. JlaHHBII
aJqTOpUTM, 000ONIAOIIMIA METOa KilacTepu3anuu P.
Arepa (R. Yager), ocHOBaH Ha BBHITIOJHEHUU
CIICAYIOMINX ACHCTBHUH: BBIOpATh TOUKY HAHHBIX C
MaKCHUMaJIbHbIM IOTEHLHUAIOM JUISI IPEACTaBICHUS
LIEHTpa TMEepBOro KiacTepa; YIalIUTh BCE TOYKH
JTAaHHBIX B OKPECTHOCTH ILIEHTpa IMEepBOro KiacTepa,
BeJIMYWHA KOTOPOH 3amaercsa mapamerpom radii [22],
YyTOOBl ~ ONpPENENUTh CIEAYIOIMI  KlIacTep W
KOOpAMHATHI €ro LEHTpa, MOKa BCE TOYKU AAHHBIX
HE OKaXXyTCS BHYTPU OKpecTHocTed paamyca radii
UCKOMBIX  LIEHTPOB  KimacTepoB.  Kommgecto
KJIaCTepOB MpPH 3TOM 3aBHCHT OT 3a/1aBaeMbIX
IBPUCTHYECKH MapaMeTpoB  options  QyHKIUH
subclust u radii [10, 22]. B aroii pabote Habop
options mpuHaT kak [1,25 0,5 0,15 1] mo
pekomeHnmanusaM [22], pammyc kiactepa radii
npuHAT paBHbIM 0,1.

IIpu KJIaCTepU3aLiU arJaoMepaTUBHBIM
uepapxudeckumM  MmerogoM [6, 7]  BHayane
NPEANoiaraeTcs, 4YTo KaXIbld KIacTep COACPKHUT
OJIHYy TOYKY JAaHHBIX B IPOCTPAHCTBE IPU3HAKOB.
O0benuHeHne JaHHBIX B TPYNIBl 3aKaHYMBAIOT,
MOJTyYUB HYKHOE YHCIIO KjacTepoB. B cranmapTHO
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nporpamme cluster makera MatLab [10, 22] gucmo
KJIACTEPOB ompeesieTCs myTeM 3a/IaHuS
MIOPOTOBOTO 3HAYCHHs TMapaMeTpa inconsistent,
OTpe/eNsieMoro JBpUCTHYecKH. B  pabote »TOT
napameTp IpuHAT paBHEM 0,7,

B pesyibTaTte npu CyOTpaKkTHBHON
KJIACTepU3alluil JaHHbIE pasfeneHsl Ha 13 Tpymm
crenyromuM o0pazoM. s KaueCTBEeHHBIX MasHBIX
COEMHEHNH — Ha TPH TPyNIBl ¢ HeHTpamu B [5,05
0,1; 5,11 0; 5,12 0,15] u s HEeKaYECTBEHHBIX — Ha
JecATh TPy ¢ TieHTpamu B [5,1 0,9; 5,12 0,55; 4,42
0,55; 4,3 1,0; 4,6 0,7; 5,15 1,4; 4,55 0,5; 5,15 1,1;
44 0,95, 5,05 0,6] coorBerctBenno. Ilpu
HMepapXUUYecKOr KIIaCTepU3alny MoiydeHo 14 rpymmn
MaHHBIX. J[71 Ka4ecTBEHHBIX MAasHBIX COCTUHEHHUU
OBUIO OIPENENICHO TPU TPYIIILI ¢ LeHTpamMu B [5,05
0,1; 5,11 0; 5,12 0,175] m ny1st HekKayecTBEHHBIX — 11
rpym ¢ reaTpamu [5,15 1,4; 5,1 0,91; 5,1 0,92; 4,55
0,5; 5,15 1,4; 4,35 0,975; 5,12 0,9; 5,05 0,9; 5,12
0,53; 44 0,57; 5,15 1,1]. Koopaunatel LeHTpa
TPYNIBl ONEHUBAINCH KaK CpeAHee M0 KaKIOMY
mapameTpy. BpemMs mocTpoeHus —pasmensiomieit
noBepxHoctu cocraBwio 3,8 ¢ u 3,85 c.
COOTBETCTBEHHO.

Taxum 00pa3zom, mociie TPYNIHUPOBKH HCXOTHBIX
JAHHBIX TIpeIjlaraéMbIM METOJIOM 10 CPAaBHEHHUIO C
METOJIOM,  TIpe[JIOKeHHBIM B pabore  [21],
kommiecTBo HeipoHoB BHC cokparuioch modtu B 3
pa3a, Bpems kiaccudukanuu — Oojee ueM B 2,3
pasa. Ilo cpaBHEHUIO C pe3yNbTaTaMy TPYIITUPOBKU
¢ momompi  cyOTpaktuBHOrO [11, 22] W
HepPapXUIECKOTO METOIO0B OINPEACICHUS KOIUIECTBA
KiactepoB  [6, 7] KOIMYECTBO  HEHPOHOB,
OTIpe/IeTICHHOE npeIaraeMbIM METOJIOM,
COKpaTHJIOCh B 2 pa3a, BpeMs KiIacCU(UKAIUN — B
1,4 paza.

sal . . . . . . ‘ —~
sl J
150 1
o
1 e °
e fe1:))
@
o o
nst 0 g B J
o B
0 . ° 1
42 44 46 48 5 &2 54 HE A8 6
a

Pazfenakil|an NoBepxHOCTL KNACCUtUiaTopa

Brixog knaccud nkatopa

MakcHManeHsIR ypoBeHs oMbk Npeofaagarawme vactore (100 KMy

Puc.2 — Tannsie [21] (puc. 2, a) (mo ocu aéeuuce-
npeodaanaomasn yacrora Buopanuu UC (coTtHun
KHJIOTepI), M0 OCH OPIAMHAT — MAKCUMAJIbHBII
YPOBeHb OIIMOKH); pe3yJbTaT MOCTPOECHUS
pazaessiioneii Kiaacchl MOBEPXHOCTH MO
CTPYNNUPOBAHHBIM JAHHBIM (pHC. 2, 0)

3. BbiBOAbI

Takum oOpazom, B paboTe MpemIoKeH METOX
ompeseNeHnsT KOJIWYecTBa HEHMpPOHOB BHYTPEHHETO
cios BHC, koTopblii MO3BOJWI  yIPOCTHUTH
ctpyktypy BHC u 3a cder 3Toro — cokpaTuth BpeMs
KIIacCH(HKAINH, ¥ MOXKET OBITh PEKOMEHIOBaH IS
MPUMEHEHNS] B TMPAKTUYECKH BaXKHBIX 3a/Jadax
KJ'IaCCI/I(l)I/IKa]_II/II/I IIpyU KOHTPOJIC TEXHOJIOTMYCCKUX
MIPOLIECCOB  MPOU3BOJCTBA, KOHTPOJE KadecTsa,
JIMaTHOCTUPOBAHUM HEUCITPABHOCTEN U3JIEIHI.
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Abstract: The sub-gradient method of estimation of the number of the hidden layer neurons of a probabilistic neural

network is suggested. This method allows evaluating the data compactness violation in A -space. This evaluation based
on the noise stability sub-gradient iterative optimization method. This method allows reducing the number of the hidden

layer neurons and classification time.
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The diagnostics tasks in the modern plant are
solved by the automated classification in the base of
the neural networks (NN) [1, 2]. The probabilistic
NN (PNN) and multilayer NN has been used to
solve a diverse group of classification problems
successfully. In this classification PNN competes
with the back propagation algorithm [3]. Compared
with back propagation, the PNN offers the following
advantages. Firstly, the PNN rapid training has.
Secondly, with enough training data a PNN is
guaranteed to converge to a Bayesian classifier.
There is no such guarantee with the back
propagation, because long training periods can
terminate in a local optimum that may be
unsatisfactory solution. At finally, the PNN
algorithm allows data to be added or deleted from
the training set without lengthy retraining, whereas,
any modification to a back propagation training set
will generally require a repetition of the entire
training process. That’s characteristics of the PNN
makes it more compatible with many diagnostics
problems [3]. The major shortcoming of the PNN is
requirements of one neuron of inner layer for each
training vector. Approach to overcome this
drawback is clustering. Clustering can reduce the
number of training vectors by grouping with similar
characteristics and by representing them with the
cluster centroid. Such way allows to reduce of the
PNN structure complexity.

The clustering is based on the two compactness
hypothesis. First compactness hypothesis are
realized in case the one cluster data are placed at
short distance and data of another clusters are placed

far off in the sign space. Second hypothesis is A -
compactness one. This hypothesis allows to divide
the data by calculation of their local density in the
sign space change. For the number cluster estimation
the optimization of crisp cluster validity indexes are
used. This indexes estimation based on the
compactness or A-compactness hypothesis of data
in the sign space. The major shortcoming of the
properties of this indexes (a low noise stability or
low accuracy) are determined by the method of
estimation of data compactness of cluster and
distance between clusters [4]. Therefore these crisp
indexes of clusters validity may define number of
clusters erroneously about 50 % case, even in the
case data are grouping in compact, well separated
clusters.

Since a priory information about clusters forms
and correlation of the cluster dimensions is absent,
the number cluster are calculated by investigation of

the criteria K =max(k,) in the A-compactness
f(i+1)

fi)
the characteristics of the data local homogeneous,
f(i) - is the average A - distance on the i
algorithm step.

Parameter K, characterizes the violation of local
homogeneous for data distribution in the A — space
and number of clusters. This parameter has
multimodal, noised dependency. For such

dependency optimum search the authors work out
the sub-gradient iterative optimization method in the

base [5]. In this case k; = ie[l,n-1]is
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wavelet transforming domain [6]. This noise
stability optimization method has high accuracy and

low local extreme sensitivity. The K, dependency

optimum search by this optimization method allows
to estimate global maximum of this dependency, and
two clusters data has been separated. For number
neurons of PNN evaluation it is insufficiently. In
such dependency the amplitude of second and
following modes are smaller then first mode
amplitude about several dozens time. That property
makes the number cluster estimation difficult.

Therefore we suggest:

- data transforming in the A — space [5];

- k; calculation;

- optimum search of K =max(k;);

- previous group data except from addition;

- k; calculation without previous group data; .

- optimum search of K =max(k,) end so on.

The estimation method for inner layer neurons
number PNN is suggested. This method has been
applied in solder joint quality inspection task (fig.1).
This method allows to reduce almost three time the
neuron number for inner layer PNN and
classification time almost in 2,5 time in solder joint
quality inspection task as compared with data [7]
when grouping (clustering) are absent. As compared
with the hierarchical clustering method [2,4] and
subtractive clustering method [8] the sub-gradient
method of estimation for inner layer neurons number
allow reduce neuron number in 1,3 time and
classification time in 1,2 time.
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Abstract: In this article new methodology of unsurplus signals code of bit-oriented informative streams is offered with
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working of data with an exposure and correction of errors, and effectively realized on the basis of the offered structures
of the special processors of digital treatment of signals.

Keywords: unsurplus code, special processor, correcting code, programmatic module, algorithm.

BCTYN IToreHuianeHi METOIU XapaKTePU3yIOTHCS
MiIBUIIICHOI) SHEPTi€I0 CUTHAIIB, IO MEPEAAt0ThCS,
Ta OyBalOTh JBOX THITIB: 0€3 caMOCHHXPOHI3alil i 3
caMocHHXpoHi3ariero. JJIs BHABICHHS IOMHIOK
Mpyu Tepe/laBaHHI CUTHAJy BUKOPHCTOBYIOTh

B cywacHux iHdopMamiiHUX cUCTeMax s
nepeaBaHHs JTaHUX HAWIIMPIIOTO 3aCTOCYBaHHS
OTPHMAaJIM  METOAM IMIYJIbCHOI, a B OKpPEMHX

BHIAJIKaX MOTEHIIAIBHOT MaHITyJsiii [1]. CTAHZIAPTHI METONH HA OCHOBI DEKYPEHTHHX

IMIynmbcHI  METOOWM — MAHIMYJAIii  CUTHAJIB .
. . . HaJTMIIKOBUX KopekTytounx komiB tumry HDLC,
HayacTillle BUKOPUCTOBYIOTh Ha HU30BUX PIBHAX
p y p HP-IL, KT-1 [3].

KOMIT'IOTEpHUX Mepex, B uu¢poBiii Tenedownii, a
TaKOXX KOMIT'IOTEPHUX CHCTEMax 3 ONTHYHHMHU
ka"HasiamMu. OCKITBKH JaHi METOAW BUKOPHUCTOBYIOTH
00MEeKeHy YaCTHHY €Heprii Ha IHTepBai TPUBAIOCTI
CHTHAy, a TaKoX HOTPeOYIOTh IMUPOKOI CMYyTH
9acTOT B KaHali 3B’S3Ky, €QEKTUBHICTh iX
HEJIOCTAaTHLO BHCOKa [2].

B 3aranpHOMYy BUNAJIKy HAQUTUINKOBICTH JTaHHX,
SIKi TIEpeIarOThCS 3TiAHO CTAaHIapTHOTO MPOTOKOIY,
MOYKHA OLIIHUATH y BUTIIAI1 koedilieHTa
HAQUTUIIKOBOCTI K BiJIHOIIEHHS 00’€MYy JaHUX, IIO
MepesaroThed, 10 O00°eMy BXIOHHX NaHUX, SKi
MUTSITAalOTh Tepeadi, 3TiTHO aHATIITHIHOTO BUPA3y:
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K,=Vi/Vy, €))

ne Vi — 00’eM JTaHux, 10 IepenaThes, Vi — 00’ eM
BXITHUX JaHUX.

Vk = Vc+ an (2)

V= Vot Vot Vy+ Vit Vg (3)

V. — 00’eM ciy:K00BUX JTAaHUX;

Vo, Va, Vy, Viw, V5 — BianoBigHi 00’ eMu: KOJIiB
(dmara, ampeca  craHmii, THmy  (peiimy,
KOPEKTYIOYOT0 KOJIy, CHMBOJIB OiT-cTaddinra.

3 METOI OI[iHKA HAJUIMIIKOBOCTI 1CHYHOYHX
MIPOTOKOJIIB tarry  HDLC, HP-IL, KT-1
MpOaHaIi30BaHi CTPYKTYpH (dpeiimMiB, SKi
(hopMai3oBaHi Ha OCHOBI aHATITHYHUX BUPA3iB:

KH (HDLC) — (Vq>+ VA+ Vy+ ka+ 2b +2k 8) / 2k 8,

KH (HP-IL) = (3 +2k -8 +V kk) / Kq:.c '2k 8,

K, 1) = (4428 +V 1) / Koc 2°-8.

K(IJC(HDLC) =0.5; K(DC(HP-IL) =0.3; Koc (KT-1) = 1.
ne K, — xoedimienta HagmumkoBocTi, Keoc -
koedirieHaT GpopmMu cCUTHATY.

B pesyabTari orpuMano rpadik HaUIMIIKOBOCTI
nepeaBaHHs TaHUX ICHYFOUUMH MeTonamMu (puc. 1).

Vi

4

Puc. 1 — HapuimmkoBicTh nepeiaBaHHs JaHUX
nporoxogamu HDLC, HP-IL, KT-1.

AmHaniz puc.]l TmoOKa3ye, MmO HAIUIITKOBICTH
ICHYIOUHX TPOTOKOJIB PI3KO 3pOCTa€ TPH MaIUX
00’eMax JaHUX, SKi MMEPeAaloThCs, IO XapaKTepHO
TIIBKH JUII HU30BUX PIBHIB KOMI FOTEPHUX MEPEX.
Tomy ix 3acTocyBaHHS B KOMIT IOTEpPHUX CHCTEMaX €
HEIOCTaTHBO €(PEeKTUBHE 1 MOTPedy€e BIOCKOHATIEHHS
SK B TEOPETHYHOMY, TaK 1 B MPaKTHYHOMY IIaHAX

[4].

METOAU BE3HAOAJIULLKOBOIO
CUITHAJNIbHOIo KOOYBAHHA HA
OCHOBI KOAIB rAJtYA

[ousTTS 0E3HA TUITKOBOTO CUTHAITLHOTO
KOJyBaHHs 0a3yeTbcs Ha TPUHLUIL CTBOPEHHS
KOJIB 3 MOJJIUBICTIO BHSBJICHHS T4 BUIPABJICHHS
TTIOMHJIOK, SIKi HE TMPU3BOMATH IO 30UTBITICHHS YHCIIa

CHTHAQJIB TIpW TepeIaBaHHi
MOTOKIB AaHUX [5-7].

CyTp MeToniB O€3HAJINIIKOBOIO CHUTHAIBHOTO
KOJTyBaHHS 3 MOJKJIUBICTIOBHSIBIICHHS Ta
BUTIPABJICHHS TOMHJIOK MOJISITa€ B TOMY, IO TIPH
(hopMyBaHHI TaKOT'O KJIaCy KOJIIB BUKOPHCTOBYETHCS
JO T’STH CUTHAIBHUX O3HAK HACTYMHOTO THITY:
dpont Hapoctanus T~ (A ); Gppont cmaxy ~ ¥
(v); nmomatHi moreHmian |~ |(+); Big’eMHUl
MOTEHITIAN |—|(—); HyTHOBHH MTOTEHITIA |==|(S).

3anporoHOBaHO YOTHPH MOXKJIMBUX CIIOCOOH
(dhopMyBaHHS TAKOTO KJIACy KOMIB [2,3]: MO3ULIIHHO

0iT-OpiEHTOBaHHUX

curnanpanit  kon  (IICK);  HecumerpuuHwmiA
PEKYpPECHTHHIA CUTHAJTbHHUHA KO (HPCK);
PEKYpEeHTHUN  CHUMETPUYHMN  CHUTHAJbHUM  KOJ
(PCCK); kBa3i-CHMBOJBbHMI CHUTHAJIBHHHA  KOJ

(KCCK) [8].

Meron ¢opMyBaHHA TIO3HUIIIHO-CUTHAIBHOTO
kony (IICK) monsirae B HacCTYyITHOMY HpeACTaBIICHHI
CUTHAJIBHHX Ta KOJOBUX MOCIIJOBHOCTEH:

Go' = “+7;, G’ = “="; G, = “A”; G," = “v.

bir “Hyms”, sKkuii Ha CHTHaJIBHOMY piBHI
KOAYETbCsl B [anya OMUHHIICIO, MPEACTABISIETHCS
curgaaoM —+1 1 BIAOOBIAHUM CHMBOJIOM ‘47 B
KOZOBOMY BHUTIIsAAi. BiT “Hynp”, sKuil KOIyeThCs B
lamya HymteM, Ha CUTHAJIBHOMY PiBHI, ITPEICTaBICHO
moteHiiaioMm -1, a B KOJOBOMY  BHIJISII
BIAMOBIAHUM cHMBOJOM ‘“—”. Bir “omuHuns”, ska
KOAYETbCSI B lamya OOWHHIICIO, IMPEACTaBISIETHCS
(pOHTOM HapOCTaHHS HAa CUTHAIBHOMY piBHI a0o
CUMBOJIOM A. BIiT “omwHHHMIN”, sKa KOIYETHCS B
l'amya cuMBOJIOM HYJb, TPEACTABIAETECA (HPOHTOM
Craay Ha CHTHaJbHOMY piBHI a00 CHMBOJIOM V B
KOZIOBOMY BUTJISII.

Ha puc.2 mpencraBieHa cHMBONIKa PO3PSIHO-
MO3UIIIHHOTO  CHTHajabHOTrO Komy lamya s
MiBOANTOBUX MOTOKIB JaHUX, 1110 BiJIOBIA€ TIOTOKY

dp.

1 1 1 1 0O 0 o0 o
G1 G1 GO GO Gl Gl GO GO
T4 +1 +1 -1 -1
A ANV V + + - =

Puc. 2 — IIpeacrapiaenns koaiB [ICK Ha curnajgbHomy
piBHi
IlosutuBHOIO  xapaktepuctukoro [ICK €
MOJJIMBICTh BHSBIIEHHS Ta B OKPEMHX BHIIQJKax
BUIIpPABIEHHS MOMMJIOK THIy ‘‘CTUpaHHSA~ Ta
“BCTaBOK” OITiB, IKI MOXKYTh BUHUKATH I11J1 BIULTHBOM
MYJIbTUILTIKATUBHUX 3aBaj (AuB. Ta0m.1).
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Ta6mus 1. Kopekryioui Br1acrusocti IICK

RO start | stop Konose npenctasneHns
Ny JAHHX Gy | Gy | Go JAHHX

LT el Rl el Rl B 1 . ot -

0001 |

0010 Rl R
ot || ||
0100 |
o011
o110
o111
8 1000
Ed 1001
10 1010
11 1011
12 1100
13 1101
14 1110
15 1111

=]
s

P 4 P ) Y
=== | |

e e T I

| | e | |
|
|
|

L L T s U R e

== = =

OYHKIIOHATEHUM OOMEKEHHSIM € BIJCYTHICTb
MO>KJIMBOCTI BU3HAYEHHSI YMCIIAa HYJIIB Ta OAWHHULD B
OJIoLl TaHUX.

Hpunnun ¢popmysanas HPCK nonsrae B Tomy,
IO MOCTIIOBHICT HYJIB, SIKi MEpeAaloThCsl B MaKeTi
JIaHUX, HyMEpYeTbCcS PEKypPEeHTHHM KoioMm [ amya
G,". Ipuuomy 6it Famya “1” nepemaerses GpoHTOM
crnangy, ToOTO MaHimyssiiiiHuM curaanom “107, a
Hyui OitiB [anmya nepenarotsest curnanom “00”. s
[epeAaBaHHsl OJUHMIL BHKOPHUCTOBYETHCS (DPOHT
HapocTaHHi. B pesynmbrari Takoro  crocoOy
(opMyBaHHA CHTHAJiB  BHHUKAE€ MOXKIIHUBICTD
BUSIBJICHHS TOMMJIOK IPU IepelaBaHHI JaHUX, Ha
0a3i peKypeHTHUX BIACTHUBOCTEeH koxy ['amya (ams.
Tab1.2).

Tabauns 2. Peanizanist MeToay CUrHaJIbLHOIO
KOJIYBaHHS IaHUX, 3 BHKOPHCTAHHSIIM KOJI0BOT
nocinosHocti Manya G, merogom HPCK

B 1a011.2 BBe/IcHI HACTYIHI TO3HAYCHHS:
J- nmani, axi nepepatotscsi; SK — curHaabHUiA
KoJl kKaHamy 3B's3ky (Manuectepcbkuit kox); SKI1—

CUTHAIBHUHN KON TepenaBaHHa “1” B KaHajax
3B"13ky; G(0) — xox Tamya, sxuii Hymepye HYJi;
SKO1 — curnaneHu# Ko HyIB, Ko 0iT- ['amya “1”
mepemae kogom “117, a Oit-I'amya “0” mepemae
kogoM “00”; SKO02 — curHaibHU#l KOO HYJIB, KOJIU
oit-I'anya “1” nepenae “10”, a “0” —> “00”; GKO1
— CHTHaJNbHI KOAM MAHIMyJALIi, B SAKAX HYII
HyMepyroThesi kojgoMm [amya; GKO02 — curHambhi
KOAM MaHIMyJsii, B SKUX HYJl HYMEpYIOThCS
kozxoMm ["anya mo ¢ponTty cnany.

Cur”aisaui KOJI GKO02, BHACJIIOK
BUKODHCTaHHS CHTHaJiB  (QpPOHTY chamy Ui
onuHMYHUX OiTiB komy [amya, 3abe3meuye Kpariry

OITOBY CHHXpOHI3aIlif0 10 BITHONIEHHIO IO
CUTHAJIBHOTO KOZY GKO1, B SIKOMY
BUKOPUCTOBYIOTHCS TITBKH MTOTCHIIANIbHI CHTHAJIH.

OyHKIIOHATPHUM OOMEXEHHSIM TaKOTO0 KOHIy €
BIZICYTHICTb MOXIIUBOCTI BHM3HAYCHHS 3arajlbHOTO
yucaa  HYJAiB B OJOIi  JAHWX,  OCKUIBKU
MOIyNsiiiHNNA Konm [ammya mOBTOprOETHCS OaraTo
pasziB. KpiMm  TOro, BHUKIQACHWA  MPUHITAT
CUTHAJIbHOTO KOJYBaHHs NaHMX B Oasuci [anya, sik
BUJTHO 3 Tabm.2, XapaKTePHU3YETHCS
(YHKIIOHATHPHIM OOMEXKCHHSIM, SKUH TIONSATaE B
TOMY, IIIO TIpY MOBTOPEHHI HYJNIB 1 iX KOXyBaHHI B
Oasuci [amya mnoreHmianeHuMu curHamamu “-1”
BiJICYTHS 0ITOBa CHHXPOHI3aIlisl.

Momudikamietro HPCK € BuxopuctanHs Komy
lanya JUISE OJTHOYACHOTO CUMETPUYHOTO
CUTHAJIBHOTO (POPMYBAHHS HYJIB 1 OJUHUIH MOTOKY
IaHuxX, Tpu doMmy o0’em komy [amya BimmoBimae
00’ eMy nanux, mo nepenarotses (PCCK).

B T1abn.3 mokazaHi mnpuknand (HOpMyBaHHS
curHaniB ganoi momudixarii PCCK, mpu G, ne
curHamu +1 Ta -1 HyJabOBHX mo3MIiM komy [amya
(bopMyI0ThCA 3TiTHO HYIBOBUX MO3ULIH Koay ["amya.

Tabauusa 3. ®opMyBaHHA CUTHAJIB
moaudikoanum PCCK, npu G24

at [az [a3 ds a5 [ar [as [ o ftofart fz frs ke fats s

o4
oleje|o|e
HRMER
1| sk |7 7L
CK |~ '

oo |00 |O |0 |OQ(O |0 |OD|O|O

o111 |00 o|oj0o|0

1
B 5 ™ i e
“ ~
1
o

|
¢4l =

| W

1G]

2SK1I_T_T—T_ | Tlr
0G! K
SKo
CK ||l
o[t[1] 1]+
3 g1t f1fjoj1]o|1]1]0]0]
SK || I || | T | —| T T = —| T

—rar
~l<|H] -
|
|
=le|d

a

o(o0 |0

INANAEAENRNEERNEEEE

B T1a6i1.3 SK i CK — BigmoOBIiIHO CHUTHAJIBHI 1
CUMBOJIBHI KOJIU.

3 Tabn.3 BuAHO, IO B OJioli JaHUX 00’ €MOM
N=2* 3aBepIueHHS IOCIIZOBHOCTI HYIIB BiAIOBimae
koxy l'amya 1010 i 3aBepmryeTscsi CHMBOJIAMHU V+
v+, 106T0 N=7, s3rimmo G,'. A 3aBEPILCHHSA
MTOCITIIOBHOCTI OMWHUITL B Kozl [amya Bimmomimae
CHMBOJIaM A— A A, TOOTO Koxy ['amya 1011, N=9.

OyHKIIOHATEHUM OOMEKEHHSAM JaHOTO METOIY
(opMyBaHHS CHTHAJIBHOTO KOJY € HEIOCTaTHBO
e(ekTHBHA CUMBOIBLHA (0iTOBa) CHHXPOHI3AIisS TpU
MOBTOPEHHI MOTEeHIIAILHUX cHrHaTiB +1 abo -1.

Takum uwmHoM, PCCK 3abe3neuye edexkTuBHE
CUMETPUYHE KOIyBaHHS y BHIUIANI KomiB [amya
MTOCITIIOBHOCTI HYJIIB 1 OIWHHUITL OJIOKY HaHUX 3
OJIHO3HAYHMM BH3HaueHHSIM iX umciia Ny +N; =N,
gKe MOke OyTH BUKOpPHCTaHE /JIsi BUSIBICHHS Ta
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BHITPABIICHHS TIOMUJIOK TTiCIISl TIEpETaBaHHs TaHUX B
KOMIT IOTEpHUX CHUCTEMaX.

Meton (hopmyBaHHS 0OC3HAITUIIKOBUX
KBa3iCHMBOJBHHUX  cHrHampHUX KomiB (KCCK)
moJjiira€ B TOMY, MO0 Oynb-sika 3 II'STH O3HAK
CUTHaIy MOXe OyTH BHKOPHCTaHA B SKOCTI
CUHXpOcUTHaNY (S), SKUHl BUKOPUCTOBYETHCS IIPHU
TTOBTOPEHHI OIHIET 3 IHIMUX O3HAK CHUTHATIB, TOMY
JaHWi METOJ MaHIMyJsii HaJleKuTh 0 Kjacy
KBa3iCUTHAIbHHX.

Januit croci® MaHIMyJAIil BIATIOBiAaE YUCTY
curHanbHux osHak N=2* +1, ne k=2, a S=0
MOTeHITiaAT  “—’, TpUYOMY TOTEHINAT  HYJb
BUKOPHUCTOBYEThCSI JUIS BUKJIIOYCHHS IOBTOPEHB
IHIINX CWTHAIIB, 10 3a0e3rneuye sSKiCHY CHMBOJIBY
CHHXPOHI3aIliI0 Ha OCHOBI CUTHAJILHUX TIPOCTOPIB.

Hampuxkian, mams  OalT-opieHTBaHUX — OJIOKIB
manux ( M=2® = 8 6ir) moxua BuGpatu kox [amya
1100 3 qBOXOITOBMM KIIFOUeM (IuB. Ta0.4), ab0 Kox
lamya 1110100 3 TprOXOITOBUM KIIIOUYEM.

Toxmi oTpUMaeMO  HACTYMHI  MOCIHIJOBHOCTI
cumerpuanoro CK, srigHo Tabm.4, mis aHcamOiro
MTOTEHIIIaTbHAX CUTHAJIIB.

Tadauus 4. CuMeTpUYHNT KBa3icHMBOJIBHUT
pexypenTHuii koa (KCCK)

KoaTamyva start X

x X X stop
0 1
1

-

1110100

R

- || |

B 1110100

A R
A eI R

I. 1 1 | I I.

C 1110100

2. CTPYKTYPA CNELINPOLECOPIB
®OPMYBAHHA CUTHANBbHUX
KOPEKTYIO4YUY KOAIB

B zaragpHOMYy  BHMaaKy — (QyHKIiOHaJIBHA
CTpYKTypa crennpouecopa (OpMyBaHHS TOTOKY
JAHUX Ta OpraHi3allis CHTHAJIBHUX KOPEKTYHOUHX
KOJIIB OITUCY€ThCS KOHBEEPHUM (DYHKITIOHATIOM:

Sx = F(OI, CII, OB),

ne Ol — onrtuunumit iHTepdeiic, sAKuil pearnizye
raJTbBaHIIHY pO3B’s3KYy KOMIT foTepa abo
KOMYHIKaI[IHHOTO TMpolecopa HUQPPOBOI CTaHIii,
¢dopmye Tpu OiT-opieHTOBaHI MoToKH iH(OpMalii y
BHIJIA/I CUTHANIB: cHHXpoHi3arii (SX); “start” ; maHi
cTaHaapTHOTO (ppeliMmy KoMIT ToTepHOi Mepexi “D”;

CII - cmeumponecop; OB —  onTuunwmit
BHITPOMiHIOBAY.
OyHKIIOHATBHI  cTpyKTypu Moayias Ol Ta

reneparopa ["anya nmokazano Ha puc.3.

BazoBi cTpykTypu crenmnpouecopiB GopMyBaHHS
CHTHAIBHUX  KOPEKTYIOUHX KOJIB  OHHCYETHCS
HACTyMHUMH  (YHKIIOHATaMH 3  KOHBEEPHHUM
BHUKOHaHHSM OTIepamii:

@yskuioHan, SKUH Xapakrepusye (OpMyBaHHS
IICK (110o3uIifHOTO CUTHAILHOTO KOAY ), OTIUCYETHCS

BupaszoMm: Sy = F(OI, G, M, MII),

ne G — redepatop koxy nojs [amya, sikuii hopmye
MOCIIIOBHICTh 2n-OiTiB Ui MaHImyssnii  OiTiB
nmannx ta popmysanus [ICK; M — monynsatop, skuid
peaiizye (GOpMyBaHHS MaHIMyJIbOBAHUX CHUTHAIIB,
o3nak [ICK, MII — myabTumiekcop (aus. puc.4).

SN —ED
J_~_|

————— L

Puc. 3 — ®ynknioHanbHa CTPYKTYpa MOIYJIst
onTu4HOro inrepgeiicy: Oll-onTpon; pyHkmioHaTbHA
CTPYKTYpa MoayJs redeparopa I'anya: CJI3-cxema
JIOTiYHMX 3B’A3KiB, Pr-perictp

-
E MO [ < (@CK)

Puc. 4 — dyHkuioHajlbHA CTPYKTYpa MOAYJISITOpPa
ICK: ®-popmyBay BiInoBiiHOro MaHiNy/JIL0BAHOTO
CHUTHAJTY

OyuKkITioHan, 3riaHo sikoro dopmyersest HPCK mae
Bunisin: Sy = F(OI, JIM, Gy, MII),

ne JIM — njoriuamiéi momynb, Gy — reHepaTop
lamya curHampHOT MaHIMyNAMmii HYJTLOBUX OITiB
JAHUX.

OyHKIiOHANBHA ~ CTPYKTypa  CIELIIpoLecopa
dbopmyBannas HPCK mokazana Ha puc.5.

- (HPCK)

Puc. 5 — ®ynkuioHaJIbHa CTPYKTYypa cHenmponecopa
¢opmyBanns HPCK: JIM-noriunnii Mmoayib

B gaHomy cnemnmporiecopi JIOTIYHHN MOJIYJh
BUKOHY€  (yHKIIi CHHXpOHIi3allii CTapTOBOTO
3amycKy reHeparopa [amya, 3rimHo OiTiB HYJIB B
norori ganmx “D”. Ilpu 1poMy onuHU4YHI OiTh
MOTOKY JaHWX Oe3 JOJATKOBOTO OIMPAIOBAHHS
yepe3 MYJbTHIUIEKCOP TMOCTYMAIOTh Ha  BHXIiJ
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CIleImporiecopa, a  OiTm  HYJIB  JTOJAaTKOBO
MaHIMyJIF0I0ThCS OiTaMu reHepaTopa ["anya.
OyHKIIOHAN,  3TIHO  SKOTO  pealli3y€eThCs
thopmyBannas koHBeepHUM crnocobom PCCK mae
Burisin: Sx = F(OIL, Gy, Gy, JIM,MII),
ne Gy, G; — BiamoBimHO reHepatopu [amya
MaHIMyJTh0BaHUX MaHux “0” Ta “1”.
OyHKITIOHAIBHA ~ CTPYKTypa
MOKa3aHa Ha puc.o.

crenmnpoiecopa

start >

D

o1 I -

i
I
! . g G
|
I
I
|
I

T

By
< (PCCK)

Puc. 6 — dynkuioHaabHa CTPYKTYpa criennponecopa
¢opmyBanus PCCK

OCOONHUBICTIO CTPYKTYPH TAHOTO CIEIIIPOIIECOpa €
cuMerpudHe ¢GopMyBaHHs ['alya 03HaK OITIB JaHHX.
[Mpudomy crapryBanHs reHeparopa [amya Gy ta G
BiIOYBAETHCS 3THO TOSBY IepIoro Oita Hyss abo
OJIMHHUIII B ITOTOII TaHUX.

OyHKIIOHAN,  3TIHO  SKOTO
tdhopmyBannast KCCK mae Burnsia:

Sx = F(OL, Gy, G, JIM, S, ITA, MII),

ne S — ¢opMyBau KBa3iCUMBOJIBHOI O3HAKU OITOBOT
cunxponizanii CCK; LA — nudpoBwuii aBromar, 1mo
aHami3ye nBa IOTOYHWX OITH HYJIHOBHX ITaHUX 1
(dopMye KBa3iCUMBOIIBHI cCUTHAIHN “S”.

Ha puc.7. mpencraBieno (yHKI[IOHATBHY CXeMY
rereparopa ['anya KCCK.

peatizyeThest

M [—T—<[ECCE)

Puc. 7 — ®yHKIiOHATIBHA CTPYKTYpa cHenmnpoecopa
¢popmyBanusg KCCK

OnTruHi BHITPOMiHIOBaYi OiCHTHAIIEHOTO
ONTHYHOTO iH(GOPMAIIIMHOTO KaHAIy IepelaBaHHS
JaHUX TIOKa3aHO Ha pHC.S.

I_ - - - — — — -

| I
SXi>_|_ KIIB —— 8x

| |

I I

| OJIB —'—< SO

L _

Puc. 8 — ®ynkuioHanbHa CTPYKTYpa MOIYJIst
onTuyHux Bunpominwsauis: KJIB — kepoBanuii
Ja3zepHuii Bunpominiosay, OJIB — onopHnii JasepHuii
BHIIPOMiHIOBaY

- —

3. MOAENIOBAHHA POBOTHU
LMOPOBUX MPUAMAYIB
3AMNMPOMOHOBAHUX CUTHANNBHUX
KOPEKTYIKO4YUX KOAIB

Ha pwnc.9 mokaszana 6y0k-cxema IpOrpaMMHOTO
MOIYJsl UHKIY TepeBipKd HasBHOCTI nN-0iTOBOI
MOCITiJOBHOCTI CTAPTOBHUX CUTHAIIB.

T0YATOK

-

Puc. 9 — Anroput™ po60TH IIPOrpaMHOr0 MOITYJIfI
CTAPTOBHUX CUTHAJIB “start”

Jlanmit anroputM BKIIOYae B cebe HACTYITHI
Onoku:

1. IloyaTkoBl mapaMeTpd LMKIY IMEPEeBipKH n-
0ITOBOIT ITOCJIIIOBHOCTI Start CHTHaJIiB;

2. BBig curHany Sx Ui aHami3y;

3. [lepeBipka HasBHOCTI B TIOTOII JIaHUX
CHUTHAITY, SIKA{ HE BiIOBIAA€ CTAPTOBUM CHTHAJaM;

4. Opranizaltis 1UKIY.

AHAJIOTIYHO peaNi3yeTbcsi MPOrPaMHUN MOIYJh
nepeBipKu HasIBHOCTI CUTHAJTIB 0JI0KOBOT
CHUHXpOHI3aIii “stop”, sIKkuif Moke OyTH MIPUCYTHINH B
OKpeMHX BHIMagkax abo Moxe OyTH OIyIIeHWH B
iH(opMaIifHNX KaHaJlaX 3 HU3BKUM PIBHEM 3aBal,
0 J03BOJIAE 3MCHIIUTH HAJIMIIKOBICTH 00’ eMy
JAHUX.

Anroputm 00pobIeHHs CHUTHAJIIB, K1
(dopMmyroThcs iHQOPMAIIHHIM TMOTOKOM Y BHUTIISAIL
ICK, OTHCYETHCA poboToro HACTYITHUX
MPOrpaMHUX MOAYIIIB, 3rigHO O10K-cxemu (puc.10):
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start = A7

|[J—r1.|—n.<i]—|11 1, % =0, =15 |
-

[ 1 =it] Gy = 2610 +GE Gien |

12 -
D=210+B

——_—
:“

|
"
-

Puc. 10 — Anropurm podoTH NporpaMHUX MOJYJ1iB
ICK.

1. [lepeBipka TMOCTIIOBHOCTI CUTHATIB “‘start”,
sIKa TIpeACTaBIeHa Ha pHC.8.

2.B paHoMy mporpaMHOMY MOZIYJl BBOISTHCA
CTapTOBI XapaKTepUCTHUKH maHux D; pericTpa
CTapTOBOi mo3uilii reHepatopa Iamya Gy Ta
JYUIBHUKA IIOMIIIOK *; = 0.

3. Onucye anropuT™M TIeHEPYBaHHS KOAY IO
lanya, skuii BUKOPHCTOBYETHCS sl IEPEBIPKH
MPaBUWIBHOCTI 1HPOPMALIIHOTO MOTOKY IaHUX, IO
MPEICTABIAETHCSA CUTHAIAMH SX.

4. BBiJl TOTOYHOTO CUTHATY SX.

5-6, 10. IlepeBipka nmpaBUIBHOCTI MPUHAMAaHHS Ta
(hopMyBaHHS OiTIB JTaHUX OJWHUIL.

7-8, 11.IlepeBipka MPaBUIBLHOCTI TPUAMaHHSI
0iTiB JaHUX HYJIB.

9. Peectparris unciia noMuiIok *;.

12. Peectparris Ta popMyBaHHS aKeTy MTaHUX.

13-14. Llukn mepeBipku 00’ €My TaHHX.

15. TlepeBipka MocaiIOBHOCTI CUTHATIB “stop”.

16. IlepeBipka Ha HAsSBHICTh TIOMILTKA

17-18. BuBig qanux Ta BUBiI IIOMHUJIOK.

Anroputm 00po0IeHHs CHUTHAIIIB, AKi
(hopmyroThest iH(pOpPMAIIIHHUM TTOTOKOM Yy BHTIISIL
HPCK mnpeacrasneno Ha puc.11.

Ir:—m =L Gy=111 1 =0, =1 S |
I

3 _
1 p=itl: Gy o= 261 G Gi-n |

Bury Eusig
e [ mosinak %

Puc.11 — Anroput™ poGoTH MPOrpaMHUX MOAYJIiB
HPCK
PoGora HacTymHHWX  MpPOrpaMHUX  MOJYJIB

OTHCYETHCS HACTYITHUM YHHOM:

1-4. Anaroriuni anroputmy Ha puc.10.

5-6. IlepeBipka HasBHOCTI CHTHaldy (pOHTY
HapocTaHHsi SX = “A”, 1 ¢opMmyBaHHA OiTy JaHWX
OJMHMIII.

7-13. Ananoriusi anroputmy Ha puc.10.

14-16. I[TepeBipka  TpuiiMaHHs  MPaBHIBHUX
CHUTHAJIIB, SIKi KOAYIOTb HYJIb IOTOKY AaHUX.

17. PeecTp MOMUIIOK.

18. ®opmyBaHHs OITY TaHUX HYJIb.

AAroput™M 00pobieHHs CHUTHAIIIB, K1
¢bopMyI0TbCs 1HPOPMALIIHUM TOTOKOM Yy BHUIJISIII
PCCK, omnmcyeTrbcs HACTYTHAMH IPOTPaAMHUMH
MOIYJISIMH, 3TiIHO OJI0K-cxemu (puc.12):

1. IlepeBipka MOCIHIiOBHOCTI CUTHAMIB “start”.

2. B pganomy mporpamMHOMY MOJIYJi BBOISTHCS
CTapTOBI XapaKTepUCTHKH JaHWX D; pericTtpa
cTapToBoi mo3umii reHeparopa lamya Gy Ta
JIYUIIbHUKA IOMIWIOK *; = 0.

3. BBig curnamy Sx.

4. lepeBipka TPaBUIBHOCTI TpPUAMaHHSI Ta
(dbopMyBaHHS OITIB NaHUX OJIWHUII MO (PPOHTAX
criaay abo HapOCTAHHS.

5.T'enepyBanHs komy mons [lamya, sxuit
BUKOPUCTOBYETBCS ISl TEPEBIPKA TMPaBHIBHOCTI
iH(opMariitHOTO MOTOKY JIaHHUX, 110
MIPEJICTABIIIETHCS CUTHAJIAMH SX.

6-8. dopmyBaHHs 0iTa OJTUHMIII.

9. [TizpaxyHOK BiAIIOBITHOTO YKCIIa OMUHUID Nj.

10. IlepeBipka TIPaBMIIBHOCTI TPUHAMAHHSI Ta
¢dbopMyBaHHS OITIB JaHMX HYJsA IO BEPXHIX Ta
HWXHIX ITOTEHIIaIax.

11. T'enepyBanns komy mons [amya, skuit
BUKOPUCTOBYETBCS ISl TIEPEBIPKU TPABHIBHOCTI
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iHdopmarriitnoro MTOTOKY
MPEICTABISAETHCS CUTHAIAMH SX.
12-14. ®opmyBaHHs OiTa HYIIA.
15. IlinpaxyHOK BigIIOBiTHOTO YHca HyTIiB N,
16. ®opmMyBaHHS Ta PEECTpAIlis IOTOKY JaHHX.
17-18. Llukn mepeBipku 00’ €My TaHHX.
19. IlepeBipka MOCIHiTOBHOCTI CUTHAIIB “stop”.
20. [lepeBipka  KOMIDICKTHOCTI  HPHHHATOTO
MaKeTy JaHUX.
21. IlepeBipka Ha
CUTHaJax “‘stop”.
22-23. BuBiJ JaHUX Ta BUBIJX IIOMHUIOK.

JIaHHUX, 110

HasIBHICTh IIOMMIIKHA B

[ movsaror )

—

|13 0,1=0, Gy=111._.1; i=0,1=1 5N, =0, N, ..l
-
%

20 G Gien | ]

|. 1=kl Gy

Ta

| V=il Gy = 2Gi +GiF Gien |

Puc.12 — AaroputM po60TH NPOrpaMHUX MOAYJIiB
PCCK

ANroput™M poOOTH NPOTPaMHHUX MOJIYJIB METOLY
KCCK (puc.13) Takwuii, six 1 B PCCK, 3 BiAMiHHICTIO
B TiM, IO BiIOyBaeThCs ITONATKOBAa IEepeBipka Ha
HasBHICTH IIOBTOPEHHS CUMBOJIB.

moatok

11. 0,4=0, G=111 1. =0, 5=l 5.8, =0, N =0

Puc.13 — Auroput™ poGoTH NMPOrpaMHUX MOAYJIiB
KCCK

VY Onoui 4 BimOyBaeThCs TepeBipka HasBHOCTI
BXimHOTO curHamy “S’ ( CHHXpO), NMPH LHEOMY B
oreparopi 5 HPHCBOIOETHCS 3HAYCHHS
nonepenHboro Oity ganmx. CurHanm “S” koaye
MOBTOP TIONIEPEHBOTO OITYy MaHMX HE3aJeKHO Bill
oity l'anya.

Omneparopu 6,7,12,18 — BUKOHYIOTH ()OPMYBaHHS
BIJIMOBIAHMX MPUHHATHX OITIB AaHUX Ta MigPaxyHOK
BiJINIOBITHOTO YKCIIa OJUHHIB N Ta 9rcia HyiB Ny,

4. BUCHOBKM

Ha ocHOBI aHamizy MeETOAIB MaHIITyJIAIi
CUTHAJIBHUX TPOCTOPIB Ta TEOPETHKO-YUCIOBUX
Oasucis 3arporoHOBaHi HOBI METOIU
0€3HaITUIIKOBOTO CHUTHAIBHOTO KOJYBaHHS OiT-
OpiIEHTOBAaHUX iHMOopMaIiitHIX MTOTOKIB 3
BUKOPDHCTaHHSIM  KoaiB  monst  [amya,  ski
3a0e3MevyoTh ~ MOXIWBICT,  0€3  BBEACHHS
HAJUIMIIKOBOI  iH(opMarlii TOTOKIB JaHWX, IO
MEPeatoThCsl B ONTUYHOMY KaHali, BUSBUTH Ta
KOPEKTYBaTH OJHOKPATHI IOMILIKH.

Buxonana  Qopwmamizamis  (yHKI[IOHATBHAX
CTPYKTYp  MOJIYJiB  mporecopiB  (HopMyBaHHS
0C3HAUIMIIKOBUX KOIiB, a TaKoX pO3poOieHi
CTPYKTYpH CHEUIPOLECOPiB Ta IX KOMIOHEHTIB, SKi
BUKOHYIOTh ()OPMYBaHHS CUTHAJIBHUX KOPEKTYIOUHX
koxie ['amya Ta peanmizoBaHO iX aJrOpUTMIYHE
MO/JICITFOBAHHS.
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Tapac NpuHYuwuH, 3aKiH4YU8
IsaHo-®paHKiecbkuli  Hauio-
HanbHUlU yHigepcumem Hagh-
mu i ea3y 3a crieyianbHicmio
‘cucmemu  ynipaeniHHa ~ma
asmomamuku” y 2002 poui.
K.m.H 3a cneuianbHicmio
“komm’ romepmHi cucmemu ma
komnoHeHmu” 2010 p. [o-
ueHm kagedpu iHghopmauili-
HUX mexHonoeili ma npoe-
pamyesaHHs1 “BiOkpumozo MixXHapoOHO20 yHigepcu-
memy po3eumky sto0uHU  “YKpaiHa”,  IeaHo-
®paHkiecbKa inis, mM.leaHo-OpaHKieChK, YKpaiHa.
Haykosi iHmepecu: memooOu KodysaHHsi OaHuXx,
crieyianizogaHi KOMI'IOMepHi cucmemu.

Slpocnae Hukonadiiuyk,
0.m.H, npoghecop, 3akiH4yug
leaHo-®paHkKiecbKkuli  Haujo-
HanbHUU yHigepcumem Ha-
mu i ea3y. Cneujanicm (1967)
— eniekmpucbikauis ma asmo-
mamu3auiss sudobymky, mpa-
HcriopmyeaHHsi ma 3bepieaH-
HA Hagpmu i 2a3y, JIbeiecbkuli
nonimexHiyHut  iHCmumym,
K.m.H. (1980) — enemeHmu ma
npucmpoi  obyucnoearnsHoi
mexHiku ma cucmem KepysaHHs, 0.m.H. (1989) —
efleMeHmu ma npucmpoi 064uco8aibHOI MEeXHIKU
ma cucmemM KepysaHHsl, dupekmop Kaprnamcbkoeo
OepxxagHo20 UeHmpy iHhopmayiliHux 3acobie i
mexHornoeili HauioHanbHoi akademii Hayk YkpaiHu
(1994), didcHuli 4neH YKpaiHCbKOI akademii Hauio-
HanbHoz20 rnpoepecy (1995), 3asidysay kaghedpu
crieyianisogaHux Kom'tomepHux cucmem (1999)
TepHoninbcbk020 HaujoHanbHO20 yHigepcumemy,
rnpogecop kaghedpu iHpopmauitiHuX mexHosoail
ma npoepamyeaHHsi “BiOKpumoz2o MiXHapoOHO20
yHigepcumemy po3sumky ntoduHu “Ykpaina”, leaHo-
®paHkKiecbKka qhinisi, M.leaHO-DOpaHKI8ChK.

Haykoei iHmepecu: crieuianizogaHi KOMIM'HOMeEPHi
cucmemu, cucmemu repedasaHHA OaHuUX, HU308i
obyucrirosarbHi Mepexi.
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Abstract: In this article new methodology of unsurplus signals code of bit-oriented informative streams is offered with
the use of codes of the field of Galois, that considerably optimizes and improves the known methods of the digital
working of data with an exposure and correction of errors, and effectively realized on the basis of the offered structures

of the special processors of digital treatment of signals.

Keywords: unsurplus code, special processor, correcting code, programmatic module, algorithm.

1. INTRODUCTION

In the modern informative systems for
transferrableness of data of the widest application
got the methods of impulsive, and on occasion
potential manipulation [1].

The impulsive methods of manipulation of
signals mostly use on the basilar levels of computer
networks, in digital telephony, and also computer
systems with optical channels. As these methods use
the limited part of energy on the interval of duration
of signal, and also need the wide stripe of
frequencies communication channel, efficiency them
high not enough [2].

Surplus of existent protocols sharply grows at the
small volumes of data, that is passed, that
characteristically only for the basilar levels of
computer networks. Therefore their application in
the computer systems is effective not enough and
needs perfection both theoretical and in practical

plans [4].

2. METHODS OF UNSURPLUS SIGNALS
CODE ARE ON BASIS OF CODES OF
GALOIS

The concept of unsurplus signals code is based
on principle of creation of codes with possibility of
exposure and corrections of errors, that does not
result in the increase of number of signals at
transferrableness of bit-oriented flows of data [5-7].

Essence of methods of unsurplus signals code
with possibility of exposure and correction of errors

consists in that for forming of such class of codes to
five signals signs are used.

Four possible methods of forming of such class
of codes are offered [2,3]: position signals code
(PSC); asymmetrical recurrent signals code (ARSC);
recurrent symmetric signals code (RSSC); multi
symbols signals code (MSSC) [8].

Table 1. Correcting properties of PSC

Ko start | stop Kogose NpecTapicHHs |
Ng JAHHX | Gi | Gy | Go | Ga JAHHX
[ o LN el Fl vl el P Y IV N O ——— ¥ ——
1 1001 1 |
z | ow [ | (1 | [|¥ |
3 | ool | 1 . |¥ [+ —
4 | om0 | g il T [ A P
51 om (1 T 1 141 F__ |
6 | 010 | =1 T ¥ |
T e | [T 1+ 4]
§ | 1000 | T N P
9 1001 | T _ 1411 1
1 T el e el 5 5 el P |
1 1011 | T T 4]
1z | 10 || I ) [
20 Ll ol I 2 P ey
14 | T 0T 14 |11 |
15 | 1| I I )

Functional limitation is absence of possibility of
determination of number of zeros and units in the
block of data.

Principle of forming of ARSC consists in that the
sequence of zeros that is passed in the package of
data is numbered by the recurrent code of Galois
G~

Functional limitation of such code is absence of
possibility of determination of incurrence of zeros in
the block of data.
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Table 2. Realization of method alarm
a code of data, is with the use of code sequence of
Galois G,° of ARSC methods

10 |16 |16 o |10 | 6r |61 |0 | of | o | of | @ [of @ |16 |of|or]

3. STRUCTURE OF THE SPECIAL
PROCESSORS OF FORMING OF

SIGNALS, CORRECTING CODES

A functional that characterizes forming of signals
code (PSC) is described by expression:

Sx =F(0Ol, G, M, MP),
G - generator of code of the field of Galois that

forms the sequence of 2n-bits for manipulation of

databits and forming of PSC; M — is a keyer, that

will realize forming of manipulated signals, signs of

PSC; MP — is a multiplexer (see fig.4).

1 MIT

Fig. 4 — Functional structure of keyer PSC: ® —
reshaper of corresponding manipulation of signal

Functional in obedience to that ARSC is formed
looks like: Sx = F(OI, LM, Gy, MP),

LM - logical module; G, — generator of Galois of
manipulation signals of offbits of data.

The functional structure of the special processor
of forming of ARSC is on fig.5.

start |

I o1

Bt

< (HPCE)

Fig. 5 — Functional structure of the special processor
forming of ARSC

In this special processor the logical module
executes the functions of synchronization of starting
start of generator of Galois, in obedience to the bits
of zeros in the flow of data of "D". Thus the single
bits of flow of data without the additional working
through a multiplexer act on the exit of the special
processor, and bits of zeros additionally by the
manipulations bits of generator of Galois.

4. DESIGN OF WORK OF DIGITAL
TRANSCEIVERS OF THE OFFERED
SIGNALS CORRECTING CODES

An algorithm is treatments of signals, that is
formed by an informative stream as PSC, described
by work of the next programmatic modules, in
obedience to a flow-chart (fig.10).

Fig. 10 — Algorithm of work of the programmatic
modules of PSC

1. Verification of sequence of signals of "start".

2. Starting descriptions of data of D are entered
in this programmatic module; register of starting
position of generator of Galois Gy and meter of
errors *and = 0.

3. Describes the algorithm of generuting of code
of the field of Galois, that is used for verification of
rightness of informative flow of data, that appears
the signals of S,.

4. Input of current signal of S,.

5-6, 10. Verification of rightness of acceptance
and forming of bits given of unit.

7-8, 11. Verification of rightness of acceptance of
bits of these zeros.

9. Registration of number of errors *and .

12. Registration and packet of data assembly.
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13-14. Cycle of verification of volume of data.

15. Verification of sequence of signals of "stop".

16. Verification is in the presence of error

17-18. Conclusion of data and conclusion of
errors.

An algorithm is treatments of signals, that is
formed by an informative stream as ARSC it is
presented on fig.11.

wez [
-
[STET

Fig.11 — Algorithm of work of the programmatic
modules of ARSC

Work of the next programmatic modules is
described as follows:

1-4. Analogical to the algorithm on fig.10.

5-6. Verification of presence of signal of front of
growth of Sx = "A", and forming to the databit of
unit.

7-13. Analogical to the algorithm on fig.10.

14-16. Verification is acceptances of correct
signals, that encodes the zero of flow of data.

17. Register of errors.

18. Forming to the databit is a zero.

5. CONCLUSIONS

On the basis of analysis of methods of
manipulation of signals spaces and theorist —
numerical bases the new methods of unsurplus code
of bit-oriented informative streams are offered with
the use of codes the fields of Galois, that provide
possibility, without introduction of redundant
information of streams given, that is passed in an
optical channel, to educe and correct single errors.

Executed formalization of functional structures of
the modules of processors of forming of unsurplus
codes, and also worked out structures of the special
processors and their components that execute
forming of signals of correcting codes of Galois and
they are realized algorithmic design.
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Pestome: V' cmammi posenamymo memoo OYiHKU ACUMUMOMUYHOL CMIUKOCMI JIHIHUX NAPAMEMPUYHUX Kil
YACMOMHUM CUMBOTIbHUM MemoooM. Memoo nonsecae y 3amini y xpumepii cmitikocmi HeobXiOHo20 GopmysanHs
oivacmomHoi nepedaganvbHoi GyHKYii Koia HA OpMYBaAHHA HOPMATLHOI napamempuyHoi nepedasanvHoi QyHKyii tioeo
iHepyitinoi wacmunu. Lle npusooums 0o cymmesoco cnpoujeHHs: Memody OYiHKU CMiluKoCmi.

Kuio4oBi cinoBa: ninitini napamempuyni Kona, oyiHka ACUMRMOMU4HOT CMItiIkocmi, CUMBONbHUL AHATI3.

FREQUENCY SYMBOLIC METHOD OF ASSESSMENT OF ASYMPTOTIC
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Yuriy Shapovalov, Bohdan Mandziy, Dariya Smal

Institute of Telecommunications, Radioelectronics and Electronic Engineering
Lviv Polytechnic National University
12, Stepana Bandery Street, Lviv, 79013, Ukraine
shapov@polynet.lviv.ua, bmandziy@mail.ru, dariya.smal@gmail.com

Abstract: The method of assessment of asymptotic stability of linear time-variable circuits by frequency symbolic
approach is considered in this paper. The method consists of the replacing in criteria of stability the necessity of
formation of bifrequency transfer function of circuit on the formation of a normal parametric transfer function in its
inertial part. This leads to significant simplification of the method of assessment of a stability.

Keywords: linear time-variable circuits, assessment of asymptotic stability, symbolic analysis.

BCTYN napamMeTpu4He  KOJO  BiAHOCHO  CHPSDKEHOI
nepenaBanbHoi  Qyukuii  W(s,t) y wacrorHiii

V¥ [1] po3riIgHYTO YaCTOTHHH CHMBOJEHUNA METO. ]
obumacri [3]:

(UC-meTon) aHamizy JNiHIHUX TapaMeTPUIHUX KiJ 3
NepioANYHO  3MIHHMMH  IIapaMeTpaMu,  SIKHA
OCHOBaHMH Ha Mu(epeHIliaTbHOMy PpiBHAHHI, IO 1 d"A(s,t) d "W(S,t)+ +dA(s,t) dW(s,t) N

OB’ SI3y€ BXITHUH X Ta BUXITHUH ) CHUTHAIIH: nl ds" dr" ds dt )

+A(s, 0 )W (s,t)=B(s,1)

4,0 + s a @y say=
=b (t)x(m) +..+b, (t)x(l) +by(1)x ’ e sS=jw- KOMILIEKCHA 3MIHHA,
A(s,t) =a,(t)s" +...+ a,(t)s +a, (1),
ne a;,(t), b;(t) —sinomi pificui dymkuii vacy, mo B(s,t) = b, (1)s™ + .t by (t)s + by (). Y mupasi

BU3HAUeHI 3a 3agaHuM KonoM. PiBasaaHa (1)

BH3HauYae MUdepeHIlialbHe DPIBHSIHHSA, IO OIUCYE (3)  ampokcumanis W (s,t)  mapamerpudHoi
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bykumii - W(s,t) 'y Burmsm
TPUTOHOMETPUYHOTO  KOMIUIEKCHOTO

BH3HavaeThes 3rigHo YC-merony:

nepeaaBalibHOL

[oJIiIHOMA

A ~ k| W_(s)exp(—jiQt)+
VDO Ly (s)exptejican) |

sKa MICTUTh K TapMOHIYHMX CKJIAQJOBHX 1 3B’s3y€

Bximamit X (s) Ta Buximamit Y (s,f) curHamm
3aJIaHOTO KOJIa y YaCTOTHi# 00J1acTi:
A
Y(s,0) =W(s,0)- X(s), (4)

ne £2- OCHOBHAa 4YacTOTa 3MiHM Iapamerpa
MapaMeTPUYHOTO eIeMEHTa (BBaXa€ThCs, IO Y KO
onmuH mapameTpu4yHuid enemeHT). UYC-meronm €
CHMBOJIBHUH, OCKIIBKHM 3MIHHI §, [ Ta JesKi
rapaMeTpH Kojia MOXKYTh OyTH 3ajlaHi CHMBOJIAMHU.

Sk BuTiKae 3 [2], YaCTOTHUHA CUMBOJBHHUH METOX
aHaji3y JiHIMHUX MapaMeTpUYHUX Kil MOxe OyTH
JOCTAaTHHO TIPOCTO 3aCTOCOBAHMUW [UIS  OI[IHKA
ACUMIITOTHYHOI CTIHKOCTI TakuX KiJl. [lpm 1mpomy
3pYyYHO KOPHCTYBATHUCHh KPUTEPIEM CTIMKOCTI, SIKUI
3a HACTYITHUX MO3HAYEHb

a) wt,£)- BIATYK y dYaci [ JHIAHOTO
napaMeTpUYHOr0 Kojla MpH MAil Ha HOro BXOMIl
JeNbTa-IMIyJIbCy, MOJAHOTO Yy MOMEHT uyacy &
(iMmysTbCcHA TIepenaBasibHa (DYHKITIS KOJIa);

0) W(s,r) —  OigacToTHa  MapaMeTpUYHa
nepenaBanbHa  QyHKOis  [3] xoma 3 aBOMa
KOMIUIEKCHAMH 3MIHHUMHU s=o0+ jo Ta r=p+jp,
10 BM3HAYEHA ITOJIBIHUM IMepeTBOpeHHsM Jlarmaca
GyHKRUT w(t,&),

(hopMyItOETBCS HACTYMHUM 4YHHOM[3]: miHiliHE

[apaMeTpUYHE KOJO € CTifiKe ACHMITOTHYHO
(0 < & < o), stkmio inTerpan
[ [[w(e.&)\ded& 5)
00

abconmoTHO 30iraeTbes. lle BuMarae BH3HAYCHHS
BCIX  MOpYyIIEHb  aQHAIITHYHOCTI  OI4acTOTHOI
nepenasanbhoi Qynkuii W(s,r) na mwiommHi po
Ta TOOyIOBM Ha I OCHOBI Tak 3BaHOI
XapakTepucTHKU 30DkHOCTI P = y(0) Ta obmacti

D, [3,4]. Sxmo oGmacte D, MicTUTH BCepeauHi

cebe Toukn o0 <0, TO KOO 3 TaKkomw

XapaKTepUCTHKOID P = ¥(0) € acHuMOTOTHYHO

CTIHKUM.

1. 3SAMIHA Y KPUTEPII CTIMKOCTI
BIYACTOTHOI NEPEOABAJIBHOI
®YHKUII HOPMAJIbHOIO
NMAPAMETPUYHOIO NEPEOABAJIBHOIO
®YHKUIEIO

Y [2] 3sramaHo, mo Yy KpuTepii CTIHKOCTi
BU3HAUYCHHs XapaKTEPUCTUKH 30DKHOCTI P = y(0)
Gynkuii  W(s,r)
BU3HAYCHHSIM KOPCHIB Tak 3BaHOI HOPMAJbHOT
nmapaMeTpu4yHoi mepefaBanbHOI  (QYHKINT  Kona
W(s,&). Bakaemo 1eii (akT  JI0CTATHBO
BOKJIMBUM 1 KOPHCHHM, OCKUIBKM BH3HAYCHHS
Gynkuii - W(s,&) Ta 1i KOpeHiB € CyTTEBO
MPOCTIMAMHU, HIK TOMIYK OidacToTHOI (QyHKIIT
W(s,r) xoma Ta ¢opMmyBaHHsS Ui  Hel

XapakTepUCTHKH 301kHOCTI P = y(0). dakr Takoi

MOXe  OyTH  3aMiHEHe

3aMiHM 11 IOOYIOBH METOAY OITIHKH CTIMKOCTI €
NPUHLUIIOBO CYTTEBUM, TOMY, Ha Hally IyMKY,
BUMArae JOBECHHS, sSKE 1 MOaeMO Jalli.

3a ananoriero 3 (3) dyukuis W (s,&) gacrorHum
CUMBOJIbBHUM ME€TOJOM BHU3HAYAETBCA Yy BI/II‘HSII[i
anpoKCcUMaIlii TPUrOHOMETPUYHHM ITOJIIHOMOM:

W(Sa ‘):) = WO (S) + i WCi (S) COS(Z.Qé:) +

. , (6)
1| + W (s)sin(iQE)

ne Wy(s),W,(s),W,(s) — npoboBo-parioHanbHi
GyHKIIT KOMIUIEKCHOI 3MIHHOI § 3 OJHOKOBHM
3HaMeHHHKOM A(S) 3riHO YC-merony.
Armpokcumartiss (6) Moxke OyTH BUKOpHCTaHA IS
Bu3HaveHHss QyHkuii W (s,r)mo sxoi moxe OyTH
3aCTOCOBaHUHN KpuUTepid. s IbOTO BHKOPHUCTAEMO
nofany y [3] 3ayiexHiCTb:

W(s,r)= TW(S,g)e*rf dé. (7)
0

Takuii migxix [0 BU3HAYEHHS CTAOLIBHOCTI
BIIMIOBIIHO 70 KpHUTEPil0 € OOTPYHTOBAHHM,
OCKITBKM  BiH  OCHOBaHMH Ha  TOMY, IO
armpokcumaiss (6) ¢yukuii W (s,&) nmae mocutsb
MPOCTHI po3paxyHOK (7), HE Mar4u 3HAMEHHHKIB
3aJIeKHUX Bil & HA BiAMIHY BiI IHIIUX BiIOMHX
MmetoniB BusHauenHs W(s,r). Tak, y BuUIaaky

dynxuii W (s,$)
BU3HaueHHS  iHTerpaa  (7)
HACTYITHOTO BUPAa3y :

arpoKcuMartii BupazoM (6)

3BOAUTHECA IO
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W(s,r) =W, (S)Te—rf dé +
0

ST (5)] costQe e+ ()| sin@)e " dE)®)
=1 0 0

BpaxoByrouw, 1110 iHTErpanu 3 Bupasy (8):

& g _ - & g _
e ""dé=—,[cos(iQ&)e " dE = ,
{ 4 . { (iQ¢) g Q)
o0 'Q
sin(iQ&)e " déE = l—,
{ (#2e) ¢ r? +(iQ)?

OTPUMYEMO BHUpa3 I 0I9acTOTHOI TepenaBaIbHOL
($yHKLIT KoNa y BHTIISAL:

Wi(s,r)=W, (S)% +

: €)]
k Weils ;Z—FVVSI'(S)%]
i=1 ro + Q) r°+ Q)

VY Bupasi (9), 3riIHO KPUTEPIO ACUMIITOTUIHOI
CTIMKOCTi, HEOOXiIHO BH3HAYUTH BCi TOPYIIECHHS
AHANIITHYHOCTI, SKi  BU3HAYAIOTBCA  KOPEHSIMHU
3HAMEHHHUKA IHOTO BHpa3zy. 3 IOTO X BUpasy (9)
BHTIKa€, IO HOTO 3HAMEHHUK, SKHW ITO3HAYHMO
yepes A(s,7) MOKEMO 3alrcaTH Y BUTIISII:

A(s,7)=A(s)-r- lﬁl(r2 + (iQ)Z)

i=1

(10)

Burmsn Bupazy (10) mepekoHye, 110 MHOXXHHA
kopeHiB Bupaszy A(S,7) CKIamaeTbCsi 3 MHOXKHHH

W(s,&) ta

kopeHiB mosiHoma A(s) yHKIi
KOPEHIB:

1o =01, =HQrs s =H2Q,..., 1y o =HKQ.(11)

Ockinbku AilicHi yacThHU BCix KopeHiB y (11) €
HYJbOBI, TO Ha IUIONIMHI OO BOHH OYIyTh

MpeCcTaBIeH] HaKIIaJICHUMHU OJJHA Ha OJIHY MPSIMUMH
JMHIIMH, I0O0 3IHBAIOTBCA 3 Biccro o . JlikicHi
4acTHHH KOpeHiB mojiiHomy A(s)3 (6) y miomusi
PO OynyTh TpeACTaBICHI TNPSIMHUMH JTiHISIMH,
nmapanelbHUMH OCi O SKi NEepeTHHAIOTh BiCh O
yepe3  3HAYCHHS  JIHCHOI YacTHHH  KOpEHS.

Xapaktepuctuka 30ikHOCTI P = Y(0) y ubOMY

BUTNIAJKy OyJie MaTH BHTIISI MPSIMOTO KyTa, OJHA
CTOpPOHA SKOTO JIXKHTh HAa OCi ¢ IHIIA — Ha
BEpTUKAJbBHI JIiHii, 1110 BigmoBigae kopeHo A(s) 3
HAWOUIBIIO JIMCHOK 4YacTHHOK, Ta BepIlWHA
pO3TalIoBaHa y TOYIN, A€ IS JIiHIS MEPETUHAE BiCh
o . IloOynoBaHuii TakuM YWHOM TPSIMUN KYT
MaKCHMAJIbHO BKJIIOUAE€ BEPXHIW NMpaBUil KBaJpaHT
IIONIMHN PO 4UM 1 yTBOproe obmacts D, .
OueBUaHO, MO Y TAaKOMY BHIIAJKy O0IacTh D1 HE
BKJIFOUae Toukd 3 O < (0 Ta: a) BKIIOYAE TOYKU 3
0 <0, skmo HaibinbIa gificHa 9YacTHHA Ccepen
IiHCHUX 9acTUH ycix kopeHiB A(S) Bix’emna, aGo
6) He Bkiroyae ToYkM 3 O < (0, sKkmo HaibinbIa
JIiiCHA YaCTHHA cepell NiCHUX YaCTHUH yCiX KOPEHIiB
A(s) piBHa Hymo uu jgomarHa. O4eBHAHO, WO Y
BUTIAJIKY (@) KOJIO CTilike, y BUMAAKy (0) — HecTiiike.
Buxomsun 3 cmocoOy mnoOymosu obmacti D, i
MOTIepeIHIX MipKyBaHb MOXHA 3pOOUTH BHCHOBOK:

anpoxcumayisi Vf/(s,t) y eu2na0i (6) 3600umo

npobiemMy OYIHKU ACUMNMOMUYHOL CMIUKOCMI Koud
3 ananizy xapaxmepucmuku 36ixcnocmi p = y(0)

Gyuxyii. W(s,r) 0o 36uuaiinozo 3naxo0xncenus

HatOinbutol OiticHoi yacmunu ceped OTUCHUX YACMUH
ycix xopenie snamennuxa A(S) Hopmaneroi gynryii
nepedaui xona W(s,&)[5].

HaBeneHuil BUCHOBOK OTpUMaHUH AJi1 BUIAAKY
arpoKcUMarlii HopMalabHOI TepenaBaabHOl (PYyHKIIIT
W(s,&) TtpuronomerpuunuMm mojinomom (6). 3
IHIIOTO OOKY SIK MOKa3aHOo y [6], MO0 3 TOYKH 30py
e(DeKTUBHOCTI YaCTOTHOTO CHMBOJBHOTO METOIY
anpoKcuMallis GyHKIT W(s,&)
TPUTOHOMETPUIHUM €KCITOHEHI[IATbHUM TTOJIIHOMOM

. ~ k [W_.(s)-exp(—jiQ&) +
W(s,8)=Wy(s)+ §+ W.(5)-exp(h i) (12)

y TOpPIiBHSHHI 3 TPUTOHOMETPHUYHHM psiioM (6) €
HabaraTo MpUBaOIMBIMIA i JO3BOJSE PO3B’SI3yBAaTH
3aa4i CYTTEBO BHIIUX MOPSIKIB CKIagHOCTI. Y
Bupasi (12) W, (s),W_;(s),W,;(s)He3anexui Bix
yacy ¢ npoOoBo-pamioHanbHi (QyHKIIi KOMIUIEKCHOT
3MIHHOI § IIO 3TiJHO YacTOTHOTO CHMBOJIBHOTO
METOJy MaroTh OJHAKOBHUU 3HAMEHHHWK, SKHH Iai
nosxauatumemo depe3 A(s). Takuii daxr, miiicHo,
Mae Micie, xoya, 34aBaliock Ou, 1o ¢dopma
MOJIIHOMa HE Ma€ CYTTEBO BIUIMBATH Ha Xim i
0cO0IMBOCTI  OOYHCITIOBATIBHOTO IpoIecy. Takum
ypHOM, sKIo oOumcnenHs W (s, <) nouinbHime
MPOBOJIUTH 3a anpokcumarieio (12) To W BHHHKae
HEOOXIJHICTh  MEPEeBIpUTH  MOXJIMBOCTI  IIi€i
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ampoKcUMarlii 'y 3amadax OIIHKA aCHMOTOTHIHOL
CTIMKOCTI JIHIHHMX TapaMeTPUYHUX KT MpH iX
aHaJi31 YaCTOTHUM CHUMBOJIBHUM METOJIOM.

IlepeBipumMo 1le Ha TijAcCTaBi  HaBEIEHHX
MipKyBaHb. TakoXk MOXEMO CIIOCTepiraTtd, IO
3B'SI30K Ap0OOBO-panioHanbHUX QyHKLiH (6) Ta (12)
MAa€ BUTTISN

Wo(s) = 2Woq (), W_(s)=W_ (s)+ W
= jW(s)-w, ()}

TO, OYEBUIHO, IO TMPU OJHAKOBHX Kk iX BiIMOBIIHI
sHameHHHKH A, (s) Ta A,(s) piBHi. [To3HaunMoO ix
gepe3 A(s).

@ynkigis W (s,r) moxe OyTH 3HalijieHa 3 BUpa3y
(7) npu anpoxcumarii Gpyuxuii W (s, &) psgom (12).

W(sr)=W,, (s)of e S +

(13)
S, (s)J Y S A (s)j eI ]
=1
BpaxoBytoun, 110:
SAT S ey 01 L +JZQ§ e _
(j)e % r’('[e e = Z’Q'[ &= —]zQ

OTPUMYEMO BHpa3 st 0I4aCTOTHOI MepenaBaibHOT
(hyHKIIT KoNa y BUTIISAI:

W s5.1) = Wey(5) -+

| L (14)

W () ——=]

k 1
+ w_.
,;[ _I(S)r-ir r— jiQ

VY Bupasi (14), 3rifHO KPUTEPiII0 aCHMITOTHYHOT
cTilikocTi [4], HEOOXiHO BU3HAYUTH BCi ITOPYIIEHHS
AHAJITUYHOCTI, SKI BU3HAYAIOTHCS KOPEHSIMHU HOTO
3HaMEeHHUKa. 3 1bOro X BUpasy (14) Burikae, 10
HOro 3HAMEHHHK, MOJKEMO 3aITHCaTH Y BUIJISIL:

A(s,r) = A(s)-r-ﬁ[(r—ji!))-(r+ji[2)] (15)

i=1

1o piBae Bupasy mwist A(s,r)y (8). PiBHicTs Bupasis
(10) ta (15) mokasye piBHICTh IXHIX KOpEHIB.
PiBHICTH KOpEHIB OILIHIOETbCA I 3HAMEHHHKIB

MON SO

A(s,r)

W(s,r) ski Bu3HaueHi mpu ampokcumaii (6) Ta

0iyacTOTHUX TmapelaBadbHUX (QYHKIIH

(12) o3Hauae, MmO BCi BHCHOBKH, 3pOOJieHI B
MEepPIIOMY BHIQJKY TaKOX MiAXOJHUTh IS JPYTOTO.
Hapemri, MU MOXXeMO 3pOOHTH [Iy’Ke Ba)KITUBHIMA
BHCHOBOK, SIKHI TiIXOIUTH JJIsi 000X arpoKCUMAIlii

bynkuii W (s,&): anpokcumayis gynxyii Vf/(s,f)
suensidi  mpueoHomempuurnozo  (6) Yy
MPULOHOMEMPUYHO20 KOMNAeKCHO20 (12) noninoma
3600ums  npobnemy  OYIHKU — ACUMAIMOMUYHOT
cmilikocmi  Kola 8i0 aManizy Xapakxmepucmuxy
s6incnocmi  p = y(o) Gyuxkyii  W(s,r) oo
36UHALIHO20  3HAXOOXMCEeHHA  Haubinbwioi  OiticHoi
ygcmunu  ceped  ycix  OMUCHUX  8CIX KOpeHig
snamennuxka  A(S) Hopmanvnoi  gynkyii  nepedaui

kona W(s,&). Ha dooamok 00 ybo2o Onsi OyinKu
ACUMRIMOMUYHOT cmitxocmi JUHITIHO20
naApamempuiHo2o Koia, 32i0H0 Kpumepiio 2 6yoe
00CMAmMHbO: @) 3HAUMU HOPMAIbHY NepeddsaibHy
pyuxyio W(s,&) yvoeo kona YC-memooom y

8U2NA0I MpUcOHOMempuuHo20 noainoma (6) wu (12);
b) smaumu xopeni smamennuxa A(S) Gyuryii

W(s5.8):
A(S)  Hassnicmo

0o0amuolo  OiicHumMu yacmunamu. AHxwo maxi
KOpeHI ICHYIoOmb, MO KOA0 HeCmilike, SIKWO Hi — mo
KOJIO CMilKe aCUMRMOMUYHO.

¢) eusHauumMu ceped KOpeHi@ MNOATHOMY

KOpeHi@ 3 HY1b08010 a0

2. 3AMIHA Y KPUTEPIi CTINKOCTI
HOPMAIIbHOI NEPEOABAIBHOI
®YHKUIT KONTA HOPMATBbHOIO
NEPEOABAJIbHOIO ®YHKLIEIO NOIO
IHEPLUINHOI YACTUHMU

HopmaneHa  mapameTpu4Ha  IepefaBalibHA
¢yHKis diHiliHOrO Mapamerpuunoro kona W(s,&)
3a3BMYail  BU3HAYAETHCS 3 JTU(EPEHIIATBHOTO
piBHsiHHS (1), IO OMUCYe KOJIO, 3a HACTYMHOIO
3anmexHicTIo [3]:

W(s,&) = Z( N ld”f :¢) djij $),

(16)

y skt G(s,&) -
mepenaBaibHa  (hyHKINS iHEpIiiHOT [3] wacTHHH
xona; B(s,&) e noninom

HOpMaJbHa TapamMeTpUYHa

B(s,&) =B, (&) +B,(E)s+B,()s* +.. +B, (E)s™ (17)

3 koediuienramu B (&) = By (&, q),
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B.(&)=B/(¢,q), wo BusHauewi 3a popmynamu

m d*b
By(£,9) = By($) = 2(—1)" —dg,fé) L
1d'[By(&.9)] _ d
B, ) [ AL B2 By
9 =CD'S pra b

Ipu gomy mpucyths y (16) dynkuis G(s,&)
BH3HAYAETHCSA 3 PiBHAHHS [3]:

X 1d°A(s,&) d*G(s,&)
K dsk der

f -1, o)

y sxkomy A(s,&) CBOEKO 4EProro, € MOJiHOM

A5, )= Ay (E)+ A4 (O)s+ Ay (E)s” +.. + 4, (Hs" (21)

3 xoedinienramu  4(8)=4,(&,q), A4(E)=4(q),

10 BU3HAYAIOTHCS 32 hopMyTaaMu

4,(&,q) = 4,(S) :i(_l)k%

ld [4,(S.)] _ d (23)
dq' 4 dé

, (22)

4(s,q) = (= 1)

3 dopmyn (20) — (23) BuTikae, MO QYHKIIA
G(s,&) BusHauaethess  KoedimieHTamMu  JHBOT
yactiHM piBHsAHHS (1), 1m0 omucye JtiHiliHE
napaMmerpuyHe komo, a 3 dopmyn (16) — (19)
BuTikae, mo Qyukuis W(s,&) nepepaxoByeThes 3
oyukuii  G(s,&)3a

npaBoi yactuuu pisasaus (1). Ak dyskuis G(s,E),

JOMOMOT010  Koe(ilieHTiB

tak i Gynkiis W (s,&), 3a 4aCTOTHAM CHMBOJIBHIM

METOJIOM iX BHU3HAYEHHS € JIPOOOBO-paIliOHATLHIMHU
(hyHKITISIMA KOMIUTEKCHOT 3MIHHOT § .

[poimoctpyemo Bukopucranus Qopmyn (16) —
(19) na mpukmani AESKOT0 MapaMeTpPUYHOrO KoJja,
sike 3a aHanoriero 3 (1) omucane mudepeHIiaTbHIM
PIBHSHHSIM, HEXal, TPETHOTO TIOPSIIKY:

a;(O)y" +a,(@)y"+a,(t)y" +ay(t)y :‘ (24)

= b, (1)x" + by ()x' + by (£)x.

Bamintoroun y piBasHai (24) ¢t wa & Ta

3aCTOCOBYIOUH 10 Bupazu (18), (19)

OTPHUMAEMO:

HBOTO

d*p
By(érq) = Bo@—Z( e L0e)

by (5) d’by($) _
dg dé?

=b0(r§)—b1(§)q+b2(§)q2

=by (&)~ . (29)

e
B0 =(D'T Ocjj D _p (&)~ 26y (9)q.
By(Erq) = (1)21“—(5‘”—15(5)

dq’

3 Bupasis (17), (25) maemo:

by (S) d’b, (&)
dg dg?

=275 + by (&)s”

B(s,5) =[by(s) - 1+

222327 2(6)
dg

(26)
+[b, (&) -

3 Bupazis (16) Ta (26) ocTaTOYHO OTPUMAEMO:

dlB(s,0)] dG(s.6)
ds

W(s,&)=B(s,5)-Gls, )~

dé
) @7
L d[B6,8)) d°GGs. ) _
2 ds? dé?
dh@) a1y B
O+ o IO
d({sé‘)

WAL G OO~ 2”2(? 2100

d'Gls, &)
a2

3BepHYBIIM yBary Ha Bupa3 (27) 3 TOYKH 30py
HONIOCiB ApoGoBo-pamioHansaux (ynkuiit W (s, &)

+by($):

ta G(5,&) pobUMO HACTYIIHI 3ayBaKCHHS:

e K BIJIOMO, TIONIOCH APOOOBO-paIioHATHHOL
(GYHKIIT BH3HAYAIOTHCS TINBKH KOPEHSAMH  ii
3HAMEHHUKA;

e y piBHAHHI (27) 3HAMEHHHMKH MPUCYTHI TUIBKH Y

d'G(s,
G(s.) a LOE:0)
d¢'
BIJICYTHI y IHIINX WIEHAX LOTO PiBHSHHS;

e udepeHIliroBaHH JpoOOBO-paIlioHATBHOT

G(s.) y %;5)

supazax W (s,&),

¢byHKIit qJIeHaxX
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BiOyBa€eThCs TiIBKHM 1O 3MiHHIE &, ToMy 3a
anpOKCUMAIIIE0 ii,

TPUTOHOMETPUIHHUM ITOIIHOMOM

HaTpUKIaI,

G(s5,8) = Gy(s)+ 2

i=1

{ i (5)cos(iQE) 1 28
+ G, (5)sin(iQ¢)

e 0=
T

, T - mepion 3MiHM TapaMeTPUYHOTO

. d'G(s,)
CJIICMCHTA KOJIa, ITIOX1/IH1 - MAarOThb BUTJIAL
dg

M_ k ch(S)[cos(iQ@](U n
d&! =+ Gy (s)[sin(iQ&) P

1 TOMy MalOTh TaKW{d K€ 3HAMECHHHK, IO I
¢oyukuis G(s,&) (MoKHA MOKa3aTH, IO JaHe
TBEPKEHHsI CIPABEUIMBE 1 [UIsl 3arajibHOro
BUTTLINY JudepeHmiansaoro pisusaaa (1), a
TakoXK 3a anpokcumanicro ¢yskuii G(s,$)
TPUTOHOMETPUYHUM KOMIUICKCHUM TIOJIHOMOM);
® TAaKUM YMHOM 3HaMeHHWK y (ynkiisx G(s,$),

aﬂLS;QZ) ta W(s,&) y Bupasax (27) ta (16)

OTHAKOBHUH.
3riIHO HaBENECHUX 3ayBaKCHb MOXKEMO 3pOOHUTH

HACTYITHI TPY Ba)KJIMBI BUCHOBKH.

e Ockinbkn 3Hamenuukd ¢yukuii  G(s,&) Ta
W(s,&) y Bupasi (16) omanakoBi, To ¥ KopeHi
IIAX 3HAMEHHUKIB OJTHAKOBI.

e OImiHKY CTIHKOCTI  IapaMeTPUYHOTO  KOJIa
IPaBOMIipHO MIPOBOUTH 3a KOPEHSIMH
snamennuka Qyskiii G(s,&), 6e3 oO0uncieHHs

obyukuii W(s,<).

e Ockinbku  ¢yukuis  G(s,E)
Koe(ilieHTaMH TiIIBKU JIiBOI YaCTUHH PiBHSHHA
(1), To # Ha OLIHKY CTIHKOCTI KOJa BIUIMBAIOThH
Koe(DIIMEHTH TITEKH JIiBOi YacTUHH piBHSAHHSA (1)
(iHepuiiHOi YacTHHU MapaMeTPUYHOTO KOja), 1
HE BIUIMBAIOTh KOE(iLli€HTH MpaBoi YacTHHU
PiBHSHHS (D (popcoBanoi YaCTUHU
napaMeTpu4yHoro kona) [3].

BHU3HAYA€ETHCA

3. NIPUKINAA

[IpoBecTn OMLIHKY CTIMKOCTI OJHOKOHTYPHOTO
napaMeTpUYHOro MiACHIIOBaYa 3 MapaMeTPUYHOIO
IHIYKTUBHICTIO, SIKMH{ TTOKa3aHO Ha puc. 1.

Hopmansna ~ mapameTpuuHa  mepenaBalibHa

byrkuis W (s,&)Bin
Harpyry u,(f) nama xoma 3 puc.l,

crpyMy curHany 1,(f)y
BHU3HAUYCHA
YaCTOTHUM CHMBOJIbHUM METOJIOM [2] y BHIUIAII
TPUTOHOMETPUYHOTO

0 ]

(N) v LIJ L(‘)/%’_ lu ®
|

Puc. 1 - OnHokoHTYpHMIT NapaMeTpUYHUI
MiacHII0Bay

i)(1)=1,, cos(@t +¢);1,, =0.00014;0=2-7-10° pac/c;
L(t) =L, -(1+mcos(Q)); Ly =0.2533-10° [1;Q =2 o,
=7/4;y =0.0004Cr;C =10-10"* @,

MOJIiIHOMA, HAMPUKJIaI Ipu k=1, Mae BUTIISI

W ’ :W—I(S) WO(S)
(5.6)= "5 exp(jeg) + B+ .
j(;) exp(JQE),

e
w_, () =w_(s,m)=0.40-10s* . m+(0.32-10°* —

—0.50-107")-m-5> +(0.79-10* —0.40-10"*})-
-m-s? +(0.63-10°° =0.60-10°%1) - m-s;

wy(s) = wy(s,m) =—0.11-10 -0.80-10"s* —
—0.64-10725° +(=0.32-10*' +0.16-10%) - s* +
+(=0.13-10°+0.32-10 *5) - s;

w,,(8)=w,,(s,m) =040-10s* . m+((0.16-10°* +
+0.50-10° /). m+0.16-10%m)- ° +((-047-10 +
+020-10%)-m+(0.51-10"* +0.32:10"¢)-
-(0.13-10%°m—0.40-10%j - m))-s* +(-0.15-107 +
+0.64-107 /)(0.13-102°m—0.40-107% j - m)-s;
A(s)=A(s,m)=(-0.16-10%+0.81-10 % m?) - s* +
+(-020-10*+0.98-10 ¥ m?)-s° +(-0.71-10>* +
+0.29-10*m?)-s* +(-0.56-102°+0.23-10%.
m?)-s” +(-048-10°+0.15-10"%m?) - s* +
+(-0.19-10° +0.61-10° m?)- s 9.

m - TIMOMHA MOAYJIALIT IHOYKTUBHOCTI L(?).
Bupaz (30) € pO3B’SI3KOM  HACTYIHOTO
nudepeHItianbHOro piBHIHHAS [1]:
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[+ (= CL(@E) + L&Y )s + CLE)S | W (s.8) +
+(CL'(&) - L)Y —2CL(&)s)-W'(5,€) +
+CL(E)-W'(s,6) =1,

€2))

sKe, CBOEIO Yeproro [3], BHTIKA€E 3
IuQepeHLiaIbHOTO PIBHSHHS, IIO ONKHCYE KOJIO
puc. 1:

CL(®)-w" () +[CL'(0) + yL(D)]-u,' (1) +

. : (32)
+(1+ yL'(0)-uy (1) = L' (1), (1) + L)', (1).

Ha puc. 2 HaBemeHo TpaekTopii KOpeHIB y
IUIOIIMHI O] @, AKi OTpuMaHi npu 3miHi m Bix 0,05
no 0,14 1 mpu mectd rapMoHiKax y ampokcumaii
W(s,&) . Tloyatok KOXKHOI TPAEKTOPIii MO3HAYUCHHI

(13 2

CHUMBOJIOM X Ta |y KIHIOI  TpaekTopii
PO3TaIlIOBAaHUI HOMEDP KOPEHS, IKUH 11 yTBOPIOE.

1 x"‘]'o' """ :’ """""" :’ """""" :’ """""" . CoTTTTTTTT
L
11 eeeeeeeeeiﬁ ;afeéeeeeee?eu
GEHOOO00DE H HEHGGOO0600

Z 050 % ----- ettt e bemeeee b : -----18-0- ------
5 GE6eO00oPE HEGEO00050 §
3 eHe0000088 : HEGE0606650 4

0 1 ogecocoops i sgeeoe00po 2 i

-5 -4 -3 -2 -1 0 1

S x 10’

Puc. 2 — Tpaexropii kopenis 3namennunxa A(s,m)

dyuxuii W (s,&) wona 3 puc. 1 npu 3mini m i 0.05
10 0.14 i 1 mecTu rapMoHIK y anipoKcuMAamii

Koxnomy kopeHro 3 puc. 2 Biamosizae
KOMIIJIEKCHO CIIPsDKeHUH KopiHb. Tpaekropil mumx
CHPSDKEHUX KOPEHIB € CUMETPHYHI BIJTHOCHO OCi 0 1
Ha pHC. 2 HE HaBeJIeHi.

OparMeHT TpaekTopii KopeHs 2 Ui 3HaYeHb
Bix 0,124 mo 0,130 3 kpokom 0,002 mpencraBieHuit
Ha puc. 3 y 30inpmeHoMy Macmradi i, SK BHIHO 3
PHUCYHKY, NepeTuHae BiCh jo KOJIH

m=0.127+£0.0005. Ile o3Hauae, 10 IIpH
m < 0.127 xono 3 puc.1 acHMOTOTHYHO CTiliKe, a
npu m=>0.127 — wecriiike. Ile#t pesynbrar
TTOBHICTIO 30ira€ThCs 3 pe3yJbTaTOM, HaBEIEHUM Ha
puc. 4, sIKuii OTpUMAaHO JUTSI Kojia 3 puc.l 4ucCIoBUM

METOJIOM 3a MPOTrpaMol0 aHANI3y ENEKTPUYHUX Kil
Micro-Cap 7.

Puc. 3 — TpaexTopist kopens 2 nipu 3mini 7 Bix 0.124
10 0.130 3 kpoxom 0.002. ITouaTok TpaexkTOpii
NMO3HAYEHO CUMBOJIOM “ X ”

40.000,

w0,V

20.000

0.000,

-20.000

~40.0004 ggp, 4.000u 3.000u

12.000u

16.000u 20.000u

1,8

a)

1.200K,
w(), V
0.600K

0.000K;

—0.600K

-1.200K,

0.000u 4.000u 8.000u
1,s

b)

12.000u 16.000u 20.000u

Puc. 4 — Yacosi 3anexnocti nanpyrn v, (¢) nas koaa 3
puc. 1, orpumani 3a nporpamoro Micro-Cap: a) —
m=0.126, koo criiixe; b) — m = 0.128 , kom0

HecTilike

BUCHOBKU

SIk BHTIKA€ 3 HAaBEIEHOTO BHINE, MPOIIOHOBAHUI
y CcTaTTi METOJa OIlIHKM aCHMITOTHYHOI CTIHKOCTI
TMHIMHUX TapaMeTpUYHUX K, Ha BIAMIHY Bix
OMHMcaHuX y JiTeparypi [3], momsarae y nepeHeceHHi
miel OIHKKM 3 aHalizy KOpeHIB 3HaMEHHHKa
6ivacrorrol ¢yskiii W (s,r) obpaHoro Kputepito,
omuHaro4n obuncinenns Gpyukuii W(s,&), y ananis
KopeHiB 3HamenHuka ¢yHknii G(s,&) 3amaHoro
napamerpuynoro Kona. Ockineku dyukuis G(s,E)

BU3HAYAETHCSA TIABKU JIBOK YAaCTHHOK PIBHSHHS
(1), To Ha BiIMIiHY BiJ OMHCAHOTO, HATIPUKIAL, Y [3],
MOXEMO TOBOPHUTH TMPO AHAIOTII0 3 KOJaMH 3
MOCTIHUMH TapaMeTpaMu, Ui SKAX BiJJOMO, IO
CTIMKICTh KOJIAa BH3HAYAEThCSA TUIBKH  JIIBOIO
YaCTUHOIO TU(EPEeHITIABPHOTO PIBHSIHHSA (IHITUMHA
CIIOBaMH, XapaKTEPUCTUYHUM TOJIIHOMOM), IO
OIKCYE KOJIO 3 IOCTIHHUMHU MTapaMeTPaMH.
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3ayBaXUMO, IO TIEPECHECEHHS
OLIHKA  AaCHMIITOTMYHOI  CTIMKOCTI  JIiHIHHOIrO
MapaMeTpUYyHOrO0  KOJa 3  aHali3y  KOPCHIB
3HaMeHHHKa OivactotHol QyHkiii W (s,r)y anami3

¢yuxuii  G(s,&)  3a
OOYHCIIIOBAIBHUM CEHCOM CYTTEBO CIPOILY€E Ta
MIPUCKOPIOE PO3B’sI3yBaHHS 3aj]adi OLIHKH CTIHKOCTI
KOJIa, OCKUTHKHA POOWTH HEMOTPiOHUM (opMyBaHHS
oyukuit W(s,r) ta W(s,&), a mnepenbauac

BHU3HAYCHHA

KOpeHiB 3HaMCHHHKaA

BU3HAYCHHS TiIbKK 3HaMeHHuKa QyHKuii G(s,S) .

Y [1] HaBemeHi pe3yNbTaTH OINIHKH CTIMKOCTI
OOHOKOHTYPHOT'O Ta ABOKOHTYPHOT'O
mapaMeTpyuyHUX  MiJACHIIOBAYiB 32  OMHCAHUM
METOAOM. Pe3ynbTaTy OMiHKY TOBHICTIO 30iraf0ThCS
3 pe3yJbTaTaMH, OTPUMaHUMH 3a IIMPOKOBIIOMOIO
mporpaMoro aHainizy kin Micro-Cap 7.
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lanoeanoe KOpiti lea-
Hoeu4, OoueHm, KaHOu-
dam MmexHIYHUX HaykK,
doueHm kaghedpu “Pa-
OioenleKmpPOoOHHUX  Mpu-
cmpoie | cucmem” Ha-
UioHanbHoO20 yHigepcu-
memy “Jlbgigcbka norsii-
mexHika”. Aemop rnoHad
30 Haykosux npaub.
Haykosi iHmepecu — yacmomHul cumM80sbHUU
mMemo0 aHari3y niHiGHUX napamempuyHUX Kisl.

MaHa3iii bozdaH AHApiltio-
euy, npoghecop, OOKMOP
MEeXHIYHUX HayK, rpogecop
Kaghedpu “TeopemuyHa
padiomexHika | padiosumi-
prosaHHs”  HauyioHanbHO20
yHigepcumemy  “Jlbsigcbka
nonimexxika”. Cmax neda-
20ei4yHoi disinbHoCcmi y suwiti
wkori 6n1usbko 40 pokis.

Aemop rnoHad 250 Haykosux ma HayKoeo-
rnedazoeiyHuUX npaub, 8 MoMy 4ucri 2 MoHozpaili
ma 6 HasyanbHUX [IOCIBHUKI8 3  2pugom
Minicmepcmea ocsimu YkpaiHu.

Haykosi iHmepecu — memodu asmomamu308aHo-
20 aHanisy HesmiHilHUX eneKmMpPOHHUX  Kin i
3abesrnedyeHHs1  HadiliHocmi  padioenekmpoHHUX
npucmpois i 3acobie menekomyHikayid.

Cmanb [apis PomaHieHa,
acnipaHm kagedpu “Padio-
e/1eKMPOHHUX fpucmpoig |

cucmem” HauioHarnbHo20
yHieepcumemy  “Jlbgigecbka
rnioslimexHika”.

Haykosi iHmepecu — doc-
TNiOXKEeHHs1 cmitikocmi  niHit-
HUX  rapamempuyHux  Kin
4acmomHUM CUMBOJTbHUM
MemoOoM ma 4acmomHi cuM80sibHI MOJerTi.
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Abstract: The method of assessment of asymptotic stability of linear time-variable circuits by frequency symbolic
approach is considered in this paper. The method consists of the replacing in criteria of stability the necessity of
formation of bifrequency transfer function of circuit on the formation of a normal parametric transfer function in its
inertial part. This leads to significant simplification of the method of assessment of a stability.

Keywords: linear time-variable circuits, assessment of asymptotic stability, symbolic analysis.

1. INTRODUCTION

Frequency symbolic method of analysis of linear
parametric circuits with periodically variable
parameters which allows for a known input signal
X(s) wusing the parametric transfer function

W(s,t) to determine the output signal Y(s,z) in
frequency domain is considered in [1]:

(5,8 = W (s,0) - x(s). (1)

where s, ¢ — complex variable and time variable,
respectively. The W(s,t) of
parametric transfer function W(s,?) is determined
in the form of trigonometric polynomial which
contains &k harmonic components. Frequency
symbolic method is symbolic as variables s, ¢ and
some parameters of the circuit can be in the form of
symbols.

As follows from [2], frequency symbolic method
of analysis of LPTV circuits can be simply applied
to evaluate the asymptotic stability of such circuits.It
is convenient to use the criterion of stability, which
is given in [3].

approximation

2. CHANGING BIFREQUENCY
TRANSFER FUNCTION BY NORMAL
TRANSFER FUNCTION IN THE CRITERIA
OF STABILITY

In [2] mentioned that in criteria of stability [3]
determining  of  coincidence  characteristics

p = y(o) of function W(s,r) may be replaced by
determining the roots of normal parametric transfer
function of circuit W(s,&).We consider this fact
quite important and useful because determining the
function W (s,&) and its roots are much easier than
W(s,r)
forming coincidence characteristics o = y(o) for
it.

searching bifrequency function and

By analogy with parametric transfer function

W(s,t) [1], function W(s,&) by frequency
symbolic method is defined as an approximation by
trigonometric polynomial:

. B k| W, (s)cos(iQ&) +
W(s,5)=Wy(s)+ ZL W (5)siniQE) } )

i=1

or by complex trigonometric polynomial:

o LI J(5) exp(ejiQE) +
o=+ ZIL W.,(5) eXp(+in§)} )

where Wy (), W,;(s),W;(s) and Wy(s), W, (s),-
W_,(s) — fractionally rational functions of s with the
same denominator A(s) according to frequency
symbolic method. The approximation (2) or (3) can
be used to determine the function W (s,r) to which
the criterion can be applied [2].
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As follows the approximation of the function
Vf/(s,f) in the form of trigonometric (2) or complex
trigonometric (3) polynomial changes the task of
assessment of asymptotic stability of the circuit from
the analysis of convergence characteristic
p=y(o) of function W(s,r) to the ordinary
finding of the most real part among real parts of all
roots of denominator A(s)of the normal transfer

function of the circuit W(s,&) [4]. In addition to
this for the assessment of asymptotic stability of
linear time-variable circuit according to criterion it
will be enough: a) to find normal transfer function
Vf/(s,f) of this circuit by frequency symbolic
method in the form of trigonometric polynomial (2)
or (3); b) to find the roots of denominator A(s) of

the function Vf/(s,gf) ; ¢) to determine the roots with
null or positive real parts among roots of polynomial
A(s) . If such roots exist the circuit is unstable but if
they do not exist the circuit is stable asymptotically.

3. CHANGING NORMAL TRANSFER
FUNCTION OF CIRCUIT BY TRANSFER
FUNCTION OF TS INERTIAL PART IN
THE CRITERIA OF STABILITY

Normal parametric transfer function of linear
time-variable circuit W (s,&) is usually determined

by the differential equation, which describes a circle
[1], using the following dependence [3]:

W(s,&) = é(—l)’ld B(s,8) d'G(s,6)

. 4
i ds ®

7 b

dé

Where G(s,&) — the normal parametric transfer
function of inertial part [3] of the circuit; B(s, &) is
a polynomial B(s,&)=By(&)+B(E)s+...+B,(&)s™.

1) The denominators of the functions G(s,&)

and W(s,&) in expression (4) are identical, and

then the roots of the denominators are equal.

2) Assessment of stability of the linear time-
variable circuit is legitimate to carry out by the roots
of the denominator of function G(s,&), without
computing function W (s,¢) .

3) Since the function G(s,&) is determined by
coefficients only of the left part of equation, which
connects input x(¢) and output y(f) signals and
there is affect to assessment of the stability of circuit
by coefficients only of the left part of this equation
(the inertial part of linear time-variable circuit) and

no affect by the coefficients of the right side of this
equation (forced part of the time-variable range) [3].

4. EXAMPLE

To carry out the assessment of stability of single-
circuit parametric amplifier, with periodically time-
variable inductivity, shown in fig.1.

5. CONCLUSIONS

1. Transfer definition of assessment of
asymptotic stability of LPTV circuit from the
analysis of roots of the denominator of bifrequency
function W (s,r)in analysis of roots of the

denominator of function G(s,&) for computing the

meaning simplifies and speeds up the solving task of
assessment of stability circuit, because it makes
unnecessary the formation function W(s,r) and

W(s,&), but the
denominator of function G(s,¢).
2. Function G(s,&) is determined only by the

left part of equation, which connects input and
output signals in contrast to the described, for
example, [3] can talk about the analogy with the
circles of constant parameters for which it is known
that the stability of circuit is determined only by the
left part of the differential equation (in other words,
characteristic polynomial), which describes a circle
with constant parameters.

In [1] presented results of the assessment of
stability single-circuit and double-circuit parametric
amplifiers, in which periodically time-variable is
capacity, by the described method. They also
coincide completely with the results obtained by
well known programme MicroCap 7 which analyses
electric circuits.

provides identifying only
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Miki Sirola, Jaakko Talonen
SELF-ORGANIZING MAP BASED VISUALIZATION TECHNIQUES AND THEIR ASSESSMENT

Our research group has been studying data-analysis based techniques in decision support and
visualization. We had a long industrial research project in co-operation with a Finnish nuclear power plant
Olkiluoto. We developed many decision support schemes based on Self-Organizing Map (SOM) method
combined with other methodologies. Also several visualizations based on various data-analysis methods
were developed. Data from the Olkiluoto plant and training simulator was used in the analysis. In this paper
some of these visualizations are presented, analyzed, and assessed with a psychological framework.
Measuring the information value of the visualizations is a real challenge. The developed visualizations and
visualization techniques are also compared with some existing visualizations and techniques in current plants
and research laboratories. The visualizations and the visualization techniques are developed further, and
completely new visualizations and techniques are developed. We point out what additional value the new
visualization techniques can produce. A detailed test case of using Self-Organizing Map (SOM) method with
Olkiluoto plant data is presented. With this practical example the information value of this method is shown,
and it is also pointed out how it can be assessed, and what are the most reliable criteria in this assessment.

Miki Sirola, Jaakko Talonen
METO/IU BI3YAJII3ALIIl HA OCHOBI CAMOOPI'AHI3OBYBAHUMX KAPT TA X OLIIHKA

Hama nmociimaunbka rpymna 3aiiMaeThcsi BUBYSHHSM TEXHOJIOTIM aHamizy JaHuX IS 3a1ad HiATPUMKH
MIPUHHATTS pillleHb 1 Bizyanizalii. Mu MaeMo OBrOTEpMiHOBHI MPOMHUCIIOBUI HAyKOBO-IOCHTITHUHI MTPOSKT
CITBHO 3 (DIHCHKOIO aTOMHOIO eJlleKTpocTaHiiero OnkiayoTo. Mu po3poOmim O6arato cxem MiATPUMKH
NPUAHATTS pillleHh Ha OCHOBI METOAY camoopraHi3oByBaHux kapT (SOM) y moeaHaHHI 3 IHIIUMU
TexHoJorisiMu. Kpim Toro, po3pobiieHo KijibKa Bisyaizaliii Ha OCHOBI Pi3HHX METOAIB aHadi3y AaHuX. s
MIPOBEICHHS aHATi3y BUKOPUCTAHO daHi 3 craHmii ONKiIyoTo Ta HaBYAIBHHX TpeHakepiB. Y HaHiil cTaTTi
MPEJCTABICHO JesAKI 3 IUX Bi3yaji3alliii, MpoaHadi30BaHO Ta OIIHEHO 3 TOYKH 30py ICHUXOJIOTIYHOI
cTpykTypHu. [Iporiec BUMiprOBaHHS JaHUX JJIs Bi3yami3allii € CripaBkHbBOIO IpodiieMoro. Po3pobieHi meToau
Bizyamizamii TakoX OyJO0 TOpPIBHSHO 3 ICHYIOUMMH METOJIaMH, [0 BHKOPHCTOBYIOThCS Ha 3aBOAaX 1 B
HayKOBO-JIOCTITHUX JabopaTopisx. B maHiif cTarTi po3poOiieHO aOCOMIOTHO HOBI METOIW Bi3yaurizarlii.
3a3HaunMo, IO MOKHA BH3HAYMTH NOJATKOBI 3HAYCHHS AJS HOBHX METOJIB Bi3yamizauii. [IpencraBneno
JIeTalIbHUI TECT BUKOPHCTAHHS CaMOOPTaHi30BYBAaHHMX KapT 3 JaHMMH cTaHlil OJKiryoTo. 3a JOMOMOTO0
IIBOTO MPAKTHYHOTO MPHKIATy MOKa3aHo iH(popMaIiiiHy IiHHICTh IIOTO METOMY, BU3HAYCHO, STKUM YHHOM
BiH MOJke OyTH OL[IHEHUH, 1 sIKi € HAWOUTBII HaiHI KpUTEPiT i€l OIIHKH.

Miki Sirola, Jaakko Talonen
METO/IbI BU3YAJIM3AILIMN HA OCHOBE CAMOOPI'AHU3YIOHINXCA KAPT U UX OLIEHKA
Hama wccnemoBarenbckasi Tpymia 3aHUMaeTCs W3YYCHHEM TEXHOJOTHH aHain3a JaHHBIX IS 3a7ad
TTOAMICPYKKH TIPHHATHS PEIICHUH W BH3yalu3alud. MBI UMeeM JOITOCPOYHBIA MPOMBINUICHHBIH Hay9YHO-
HCCIICJIOBATENbCKUI MPOEKT COBMECTHO C (UHCKON aromMHON 3iekTpocraniuert Onkwiyoro. Mbl
pa3paboTany MHOTO CXeM TMOJIACPKKH MPUHATHS PEIICHHH Ha OCHOBE METOJIa CAaMOOPTaHM3YIOUIUXCS KapT
(SOM) B coueTanwm ¢ APYrUMH TexHOJIOTHSIMH. Kpome Toro, pa3paboTaHO HECKOJIHKO BHU3yaIH3alldii Ha
OCHOBE pa3IMYHBIX METOJOB aHaW3a NaHHBIX. /IS IpoBeeHUST aHATN3a KCIIOH30BAHBI TAHHBIC CTAHITIH
OJKUIyoTO U YyueOHBIX TpeHaxkepoB. B maHHON cTaThe HEKOTOpHIC U3 ITUX BU3YalU3alUN MPEACTABICHEI,
MIPOAHATN3UPOBAHEl W OICHCHBI C TOYKH 3PECHHS TICHXOJOTHYECKOW CTPYKTyphl. IIporecc m3aMepeHus
JAHHBIX JJIS1 BU3YAIM3AIIUH SBISICTCS HACTOSIIEH Tipobiemoit. PazpaboTanbie METOIBI BU3yalIU3aIllH TAKKe
OBUTH CPaBHEHBI C CYIICCTBYIOIIMMH METOJIaMU, HCIIOJIb3YEMbIMU Ha 3aBOJaX U HAYYHO-UCCIIEIOBATEILCKUX
nabopartopusix. B manHoi craree ObUIH pa3pabOTaHbl COBEPIIIEHHO HOBBIE METOIbI BU3yaiu3auu. OTMETHM,
YTO MOXXHO OIIPEICIIUTH JOTOIHUTEIbHBIC 3HAYCHHs U1l HOBBIX METOJOB BH3yanmusamuu. IIpemcraBieH
MOAPOOHEIN TECT METOAA MCIIOIB30BAHUS CAMOOPTAHU3YIONINXCA KapT ¢ JaHHBIMU cTaHIuu Onkuiayoto. C
IIOMOIIBIO 3TOTO MPAKTHYECKOTO TpUMEpa TIOKa3aHO WH(POPMAIMOHHYI0 IIEHHOCTh 3TOTO0 METO/a,
OTIPEIICIICHO, KaKUM 00pa3oM OH TaKKe MOXET OBITh OIlCHEH, W KakKue HanOoJiee HaIeKHBIC KPUTESPHH
OIICHKH.
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Marina Polyakova
EXTRACTION OF LEFT VENTRICULAR CONTOURS FROM VENTRICULOGRAMS WITH
LABELING OF IMAGE PIXELS BY ACTIVE CONTOURS

The method of the extraction of left ventricular contours is developed for ventriculograms which obtained
by radiological research of heart with the angiographic system. The proposed method includes the
underlining of left ventricular contours through the repagular wavelet transform and labeling the pixels of
image by active contours that reduced the error of detection of the edge and the area of left ventricle.

Mapuna lonakoea
BUAUIEHHA KOHTVYPIB JIIBOI'O IIJTYHOYKA HA BEHTPUKYJIOTPAMI 3 PO3MITKOIO TOUYOK
30BPAXEHHA METOAOM AKTUBHHNX KOHTYPIB

Po3pobieno MeTon BHINEHHS KOHTYpIB JIiBOIO HIIYHOUYKA CEPLs HA BEHTPHUKYJIOTPaMax, OTPUMAaHHX
IIJISIXOM PEHTTEHOKOHTPACTHOTO JOCHIDKEHHSI Ceplisl aHTiorpadivyHO0 CHCTEMOIO. 3anponoHOBaHUH METOJ
BKJTIOYAE MMiJKPECICHH KOHTYPIB JBOTO IITYHOYKA 33 JONOMOTOIO PENaryJisipHOro BEHBIET-IEPETBOPEHHS 1
PO3MITKY TOYOK 300pa’KCHHS 3 BHKOPHCTaHHAM AaKTHBHUX KOHTYpiB. Lle mae 3Mory 3HU3UTH HOMHIIKY
BHIUJICHHS KOHTYpa 1 0071aCTi JIIBOTO MUTYHOYKA.

Mapuna Ionakoea
BBIJIEJIEHUME KOHTYPOB JIEBOI'O JKEJIYJOYKA HA BEHTPUKYJIOTPAMME C PASMETKOM
TOYEK M30BPAXKEHU A METOAOM AKTHBHBIX KOHTYPOB

Pazpaboran Mmeron BhIgENEHHS KOHTYPOB JIEBOTO JKENyIOYKa CEpALla Ha BEHTPHKYJIOrpaMMax,
MOJYYECHHBIX IIyTeM PpEHTICHOKOHTPAaCTHOIO MCCIEAOBAaHUA CepAlla aHruorpaguueckoil CHUCTEMOH.
IIpemyioxkeHHBIE METOA BKJIIOYACT IOJYEPKUBAHUE KOHTYPOB JIEBOTO IKEJIYJOUYKA MpPU [OMOIIU
penaryiIsipHOTO BEHBIET-peoOpa3oBaHusl U pa3METKy TOUEK M300pakeHHs C MCHOJIb30BAHHEM aKTHBHBIX
KOHTYPOB. JTO HO3BOJISIET CHU3UTDH OLIMOKY BBIIEICHHUSI KOHTYpa M 00JIaCTH JIEBOTO KeyJOUKa.

Mohammed Amoon
FAULT TOLERANCE IN GRIDS USING JOB REPLICATION

As grids consist of a large number of resources, fault tolerance forms an important aspect of the
scheduling process. In this paper, we address the problem of scheduling user jobs in grids so that failures can
be avoided in the presence of resources faults. We employ job replication as an effective mechanism to
achieve efficient and fault-tolerant scheduling system. Most of the existing replication-based algorithms use
a fixed number of replications for each job which consumes more grid resources. We first propose an
algorithm to determine adaptively the number of job replicas according to the grid failure history. Then we
propose an algorithm to schedule these replicas. The proposed algorithms have been evaluated through
simulation and have shown better performance in terms of grid load, throughput and failure tendency.

Mohammed Amoon
BIZIMOBOCTIHMKICTb B I'P1]] 3 BAKOPUCTAHHSIM PEIUIIKALIIT POBIT

Ockinbku I'pia-cucTeMu CKIQAalOTHCS 3 BEIHMKOI KIIBKOCTI pecypciB, BiAMOBOCTIMKICTH € BaKIIMBUM
ACTMEKTOM TMpOIlecy IUTAaHYBaHHA. Y JaHIi CTaTTi MH 3BEpTaEMOCS M0 TMPOOIeMH IIaHyBaHHS pPOOOTH
KopuctyBauiB y ['pig KonuMokHa YHUKHYTH 300iB TIpHM HasBHOCTI TMOMHJIOK Y pecypcax. Mu
BUKOPUCTOBYEMO peIUTiKaliio pobiT, Sk e(QeKTUBHHH MeXaHi3M JUIS JOCATHEHHS e(QeKTHBHOI Ta
BiIMOBOCTIKOT CHCTEMH IUIaHYBaHHS. bUIBIIICTh ICHYIOUMX aJrOPUTMIB peIutikamii, Ha OCHOBI
BUKOPUCTaHHS (DIKCOBAHOI KiTBKOCTI MOBTOPEHB I KOKHOI pOOOTH, CIIOKHMBArOTh Ounbie ['pim-pecypcis.
CrioyaTky MM MPOMOHY€EMO aNTOPUTM aalTHBHOTO BU3HAUYEHHSI KIIBKOCTI peIuTiKauiid A KOKHOT poOoTH 3
ictopii 300iB ['pin. Tomi M MPOMOHYEMO aIrOPUTM IUTAHYBaHHS [WX peIUTiKamid. 3arpornoHOBaHi
ANTOPUTMH OYJTH OITiHEHI 3a TOTIOMOTOI0 MOJEITIOBAHHS 1 TTOKA3aJi ORI BUCOKY MPOAYKTHBHICTD 3 TOUKH
30py HaBaHTaxeHHs ['pif, MPOMyCKHOT 3aTHOCTI Ta TCHICHIIIT TOMUJIOK.

Mohammed Amoon
OTKA30YCTOMYMBOCTbD B I'PUJI C UCTIOJIb30BAHUEM PEIUIMKALIMM PABOT

[Mockonbky ['pua-cUCTEMBI COCTOSAT M3 OOJBIIOTO KOJHYECTBA PECYPCOB, OTKA30YCTOMYHUBOCTD SIBJISCTCS
Ba)KHBIM aCIEKTOM Ipollecca IIaHupOBaHus. B TaHHOW cTaThe MBI oOparaeMcs K mpodieMe IaHuPOBaHUS
paboTel moJk3oBareneit B ['pum, xorma MoKHO n30exaTh cOOEB NMPH HAIWMYWK OMMOOK B pecypcax. Mbl
WCIIONB3yeM peIUTuKanuo pabor, Kak J(PQGEKTUBHBIA MeEXaHU3M s JocTkeHus S((EKTUBHON U
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OTKa30yCTOMYUBOM CUCTEMBI IIIAHUPOBAHUS. BOJBIIMHCTBO CYIIECTBYIOIIUX aITOPUTMOB PEILIMKALMY, Ha
OCHOBE HCIIOJIb30BaHUSl (UKCHUPOBAHHOIO KOJIMYECTBA IOBTOPEHUI [UId KaxIoW paboOThl, KOTOpas
norpebssier Gonpuie ['pun-pecypcoB. CHavanma Mbl IpeniaraeéM ajJropuTM aAalTHBHOTO OIPEAEIECHUs
KOJIMYECTBA PEIUIMKAIMK U KakJoul paboTsl mo ucrtopuu cb6oeB I'pua. Torma Mel mpearaeM ajaroputM
IUTAHUPOBAHUS 3TUX peruiukauuii. [IpeqioskeHHbIe alropuTMbl OBUTH OLIEHEHBI C MMOMOILBI0 MOJCTUPOBAHUS
U Tokazaau OoJiee BBICOKYIO IPOM3BOAMTENIBHOCTh C TOUYKM 3pPCHMS HArpy3ku I['pua, HpOIycKHOMH
CIIOCOOHOCTH U TEH/ICHIIUH OLINOOK.

Anatoliy Bilenko, Valeriy Sitnikov
RECONFIGURABLE CELL-ARRAY (RCA) BASED COMPUTER SYSTEM WITH CELL
SPECIALIZATION

Reconfigurable system based on cell specialization of reconfigurable cell-array computer system is
presented. Analysis of specialized reconfigurable cell-array hardware and methods of specialized cell
inclusion are given.

Anamoniii Binenko, Banepiit Cumnuxos
PEKOH®II'YPOBAHA CUCTEMA HA OCHOBI OJHOPIJHOI OBYMCJIIOBAJIbHOI CUCTEMM 13
CIHEUIAJIIBALIIEIO KOMIPOK

Posrnsmaerbest cTpykTypa peKoH(IrypoBaHOi CHCTEMBI Ha OCHOBE OJHOPIIHOT OOUUCITIOBAIBHOT CUCTEMHU
i3 cmeniamizamieto. [IpoBeneHo ornsin MoaepHi3alii amapaTHOi YaCTUHH OJHOPIJHOTO OOYHCIIIOBATBHOTO
CEepeIOBHUIIA, a TAKOK METOIH BKITFOUSHHSI CIIEIialli30BaHUX OJIOKIB.

Anamonuii bunenxo, Banepuii Cumnukoe
PEKOH®UT'YPUPYEMA S CUCTEMA HA OCHOBE OJITHOPO/{HOI BBIUNCJIUTEJILHOMN
CHUCTEMBI CO CIIELITUAJIM3ALIMEN STUEEK

PaccmaTpuBaeTcs cTpykTypa peKOH(pHUTypUpyeMON CHCTEMBI Ha OCHOBE OJHOPOJHON BBIYMCIUTEIHHON
cucteM co crenuanuzanueii. [IpoBemeH 0030p MOJACPHU3AIMK — aMapaTHON YacTH  OJHOPOIHOM
BBIYHCJIMTEIBHOMN CPEIbl, @ TAKXKE METO/IbI BKIIFOUCHHS CIICIIHAIN3UPOBAHHBIX OJIOKOB.

Srilatha Chepure, Guru Rao C.V., Prabhu G. Benakop
ON CHIP MEMORY REDUCTION TECHNIQUE FOR DATA DOMINATED EMBEDDED SYSTEMS
This paper proposes an approach for optimization of on-chip memory size in data dominated embedded
systems. Large amount of array processing is being involved in this category. In order to produce a cost
effective system, efficient designing of memory module is quite critical. The memory module configuration
being selected by the designer should be well suitable for the application. In this regard, this paper presents a
methodology for effective optimization of on-chip memory. For sensitive applications involving large array
processing, the entire processing has to be done using embedded modules. While using such modules, care
should be taken to meet optimized profile for the design metrics. With help of loop transformation technique,
relatively a good amount of memory size requirement is reduced for the arrays. This approach results in a
very close memory estimate and an effective optimization. This methodology can be further extended to
meet the high level memory optimization applications based on cache characteristics. Speech processing
front end mechanism is implemented and shows that this approach gives up to an achievement 61.3%
reduction of overall system memory requirement over the estimation approach. Results are provided in terms
of comparison of the two approaches of memory estimation and optimization with respect to both of the
program and data segments.

Srilatha Chepure, Guru Rao C.V., Prabhu G. Benakop
TEXHOJIOT'TA 3SMEHILIEHHA ITAM’ ATI UIIA 1JI19 BEBYJOBYBAHUX CUCTEM 3
JOMIHYBAHHAM JAHUX

Y po6oTi 3amponoHOBaHO HOBWH IMiIXid O ONTHUMI3AIii po3Mipy mmaM’sTi dirna il BOyTOBaHUX CHUCTEM 3
JIOMIHYyBaHHIM JaHuX. lle 03Hauae, 1110 Taki CUCTEMH 3IIHCHIOIOTH 00POOKY BETUKUX 0OCSTiB MacuBiB. Jljis
TOro, MO0 PO3POOHMTH E€KOHOMIUHO e(EeKTHBHY CHUCTeMY, €(EeKTHBHE NPOCKTYBaHHS MOAYJIB HaM’STi €
KpuTHYHUM TporiecoM. KoHdirypartis Momyis maM’siTi, 0 BUOMPAETBCS PO3POOHUKOM, MOBHHHA A00pe
MIXOMUTH I JOAATKiB. Y 3B’s3Ky 3 IMM, B HaHiii poOOTI mpemcTaBicHAa METOAWKA IS e()EeKTHBHOI
ontumizauii BOyZoBaHoi mam’sri. {ns monaTkiB, 4yTJIMBUX A0 OOpPOOKM BENMKHX MACHBIB JaHUX, BCS
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00poOKa MOBHHHA 31 CHIOBATHCE 3a JOIIOMOT0OI0 BOYJOBaHMX MOAYJIB. [Ipy BUKOpHCTaHHI TaKUX MOAYJIIB
Ci TmomdaTH TPO ONTHUMI3amif0 TPOQUIIB Ui CTBOPEHHS TIOKAa3HHWKIB. 3a JOMOMOTOI0 METOIy
TIEPETBOPCHHS MKy, 3MEHINTYEThCS BIAMOBIMHWA OOCAT mam’sTi mis oOpoOkm MacuBiB. Takuit miaxin
MPU3BOJUTL JO Jy)K€ TOYHOI OIIHKM THam’aTi Ta edekruBHOI onrtuMizamii. Ll MmeTomuka Moxxe OyTh
po3mpena, mo0 BiINOBIZaTH BHUCOKOMY pIBHIO ONTHMi3amii maMm’siTi mporpam, Mo Oa3yeTbcs Ha
XapaKTEPUCTUKAX KeII-TaMaTi. BripoBamkeHa KIIi€eHTChKa YacTHHA MEXaHI3My 00pOOKH MOBH, ITOKa3aja, 1o
TaKAd MiAXig gae 3HwkeHHS Ha 61,3% HeoOXimHOI cucTeMHOI maM’sATi BITHOCHO TMOMNEPEIHIX OI[IHOK.
PesynpTatn oTpuMaHi mpH MOpIBHSHHI IBOX MiAXOMAIB OLHKHM MaM’sSTi Ta ONTHMi3alii 3 TOYKU 30py fK
Mporpam, TaK i CETMEHTIB JTaHUX.

Srilatha Chepure, Guru Rao C.V., Prabhu G. Benakop
TEXHOJIOI'MS YMEHBIIEHUSA ITAMSATU YUTIA JIJIA BCTPAUBAEMbBIX CUCTEM C
JOMUHUPOBAHUEM JJAHHBIX

B pabote mpemsokeH HOBBIH MOAXOJ K ONITHUMHU3AIIMU pa3Mepa MaMsATH YUIa JJIs BCTPAUBACMBIX CHCTEM
C JIOMHHHPOBAaHHEM JaHHBIX. OJTO 3HAYHWT, YTO TAaKHUE CHCTEMBI OCYIIECTBISIOT 00pabOTKy OONBIINX
oobeMoB wuHGMopmammu. Jias TOro, uTOOBI pa3paboTaTh JKOHOMHYECKH J(PQPEKTUBHYIO CHCTEMY,
3¢ PEeKTUBHOE MPOSKTHPOBAHHE MOIYJEH NaMATH SBISETCS KpUTHYeCKUM TpoueccoM. Kondurypanus
MOJYJIS TIAMSITH BbIOMpaeMasi pa3pabOTUYMKOM JIOJKHA XOPOIIO MOIXOAWTH I MPUIOXKEeHHWd. B cBs3m ¢
9THM, B IJaHHOH paboTe mpencTaBieHa MeToaAnKa s 3QHEeKTUBHON ONTHMHU3AIMK BCTPOCHHON TaMsiTH. Jlist
MPWIOKEHUH, YyBCTBUTENBHBIX K 00pa0oTKe OONBIIMX MAacCHBOB JaHHBIX, BCAi 00paboTKa JOJKHA
MIPOU3BOANTECS C TIOMOIIBIO BCTPOSHHBIX Momyned. [Ipum HCmonb30BaHWMM TakKWX MOJIYJeEH, ciexyer
M03a00THThCST 00 omTHMH3anuu mpodwied Mg co3maHms Tokazarenei. C  OMOIIBI0  MeToaa
npeoOpa3oBaHus KA, YMCHBIIIAETCS COOTBETCTBYIONINN 00heM MaMATU A1 00paboTku MaccHBOB. Takoi
MOJXOJ MPUBOIUT K OYEHb TOYHOM OLIEHKU NaMATH M 3()(HEKTUBHOH ONTHMHU3AIMH. JTa METOJUKA MOXKET
OBITh pacIIupeHa, YTOOBl COOTBETCTBOBATh BHICOKOMY YPOBHIO ONTHMHU3AIUH MaMSITH MPOTPaMMBL,
Oasupyromencs Ha XapaKTepUCTHKaX KAII-MaMsITH. BHeqpeHHas KIMEeHTCKas 4acTh MeXxaHu3Ma o0paboTKu
peun, MoOKas3aja, 4TO TakoW NOAXON JaeT CHmWkKeHne Ha 61,3% HeEoOXOIMMOW CHCTEeMHOW NaMsATH
OTHOCHTEIHHO TMPEABIAYINNX OIEHOK. Pe3ynbTaThl MONy4YeHB NPU CpPaBHEHHWH JBYX MOJIXOJOB OIECHKH
MaMATH U ONITUMHU3AIMHU C TOYKH 3pEHHS KaK IpOTrpaMM, TaK M CETMEHTOB TaHHBIX.

Galina Shcherbacova, Victor Krylov, Oleg Logvinov
THE PROBABILISTIC NEURAL NET NEURON’S NUMBER CALCULATIONS
The sub-gradient method of estimation of the number of the hidden layer neurons of a probabilistic neural

network is suggested. This method allows evaluating the data compactness violation in ﬂ—space. This
evaluation based on the noise stability sub-gradient iterative optimization method. This method allows
reducing the number of the hidden layer neurons and classification time.

I'anuna Illepoaxosa, Bikmop Kpunoe, Onez Jlozeunos
BU3HAUYEHHS KIJIbKOCTI HEMPOHIB MMOBIPHICHOI HEMPOHHOI MEPEXI

Po3po6iieno MeTon BU3HAYCHHS KUTBKOCTI HEHPOHIB BHYTPIIIHBOTO IIAPY ISl HIMOBIPHICHOI HEMpPOHHOT
MepeKi Ha OCHOBI BH3HAYCHHS KiTBKOCTI TPYIl JAaHWX NIISXOM OIIIHKHA MOPYIICHHS JOKAIBHOI IIUTEHOCTI

pO3MOJTy TaHWX B ﬂ’—HpOCTOpi Ha OCHOBI 3aBaJIOCTIHKOTO CyOTrpafieHTHOTO iTEepaTUBHOIO METOMY
ontumizanii. Po3pobneHuit MeTon 1aB 3MOTry CIHPOCTUTH CTPYKTYpy WMOBIPHICHOT HEWPOHHOI MEpexi Ta
3HU3UTH Yac Kiacudikarii.

T'anuna lllepoaxosa, Buxmop Kpuvinoes, Onez Jlozéunos
OIIPEJIEJIEHUE UK CJIA HEUPOHOB BEPOSITHOCTHOM HEMPOHHOW CETU

PazpaboTtan metos ompenenieHUs YHclia HEHPOHOB BHYTPEHHETO CJIOS IS BEPOSTHOCTHON HEHPOHHOM
CCTHU Ha OCHOBEC OIIPCACIICHUA KOJIMYCCTBA I'PYNIT JAHHBIX IIYTEM OLI€CHKU HAPYIICHUA JIOKAJILHOM INIOTHOCTH

pacrpeacjicHud OaHHbIX B ﬂ”- IMPOCTPAaHCTBE Ha OCHOBEC HOMGXOyCTOfI'—IPIBOI’O cy6rpa):[1/1eHTH0ro
WUTEPAaTUBHOTO METOJa ONTUMHU3AIUU. Pa3pa0oTaHHBIH METOJ TO3BOJWI YINPOCTUTH CTPYKTYPY
BEPOSITHOCTHON HEHPOHHOW CETH W CHU3UTH BpeMs KiIacCH(DHUKAITHH.
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Taras Grynchyshyn, Yaroslav Nykolaychuk
SIMULATIONS OF PROCESSORS FOR FORMING AND DIGITAL SIGNAL PROCESSING IN
COMPUTER SYSTEMS WITH OPEN OPTICAL CHANNELS

In this article a new methodology of non-redundant signal coding of bit-oriented information streams is
proposed with the use of Galois codes, that considerably optimizes and improves the known methods of the
digital data processing with an exposure and correction of errors, and effectively implements by specialized
digital signal processors.

Tapac I punuuwiun, Apocnae Hukonaiiuyk
MOJEJIFTOBAHHS NPOLECOPIB ®OPMYBAHHSA TA LHMPPOBOI'O OBPOBJIEHHA CUT'HAJIIB B
KOMIT'FOTEPHUX CUCTEMAX 3 BIAKPUTUMU OIITUYHUMU KAHAJIAMUA

VY naHiii cTarTi 3ampolOHOBaHA HOBAa METOJMKAa OE3HAUIMIIKOBOIO CHUTHAJBLHOTO KOJIyBaHHS OIT-
Opi€eHTOBaHUX iHQOPMALIMHUX MOTOKIB 3 BHUKOPUCTAHHAM KoAiB mojs [amya, ska 3HAYHO ONTHUMI3YE 1
MTOKPAIy€e BiOMi METOIU IIH(PPOBOTO OMPAIIOBAHHS JaHWX 3 BUSBJICHHSM Ta BUIPABICHHSM ITOMIIIOK, Ta
e(heKTHBHO peali3yeThcss Ha OCHOBI 3aIPOTIOHOBAHUX CTPYKTYP CIEIIPOIIECOpPiB MUPPOBOTO 0OPOOICHHS
CHUTHAIIIB.

Tapac I'punuuwun, Apocnae Hukonaituyk
MOJIEJIMPOBAHMUE ITPOIIECCOPOB ®OPMHUPOBAHUS U LIU®POBOM OEPABOTKU
CUT'HAJIOB B KOMITBIOTEPHBIX CUCTEMAX C OTKPBIThIMU OIITUYECKNMHU KAHAJIAMU
B nanHOW cTaThe mpeuio’keHa HOBasg METOAUMKA O€3M30BITOYHOTO CUTHAIBHOTO KOAWUPOBHHA OWT-
OPUEHTHPOBAHHBIX HWH(POPMAIIMOHHBIX IIOTOKOB C HCIOJb30BaHMEM KojoB mona [amya, KoTopas
3HAYUTENIFHO ONTUMH3UPYET U YIy4IIaeT W3BECTHbIE METObI HU(PPOBO 00paObOTKH NAHHBIX C BHISBICHHEM
W WCOpaBiIeHUEM OMHMOOK, W 3()(EeKTUBHO peanu3yeTcss Ha OCHOBE IPEUIOKCHHBIX CTPYKTYP
CIIEIITPOIIeCCOPOB MU(PPOBOM 0OPaOOTKH CUTHAJIOB.

Yuriy Shapovalov, Bohdan Mandziy, Dariya Smal
FREQUENCY SYMBOLIC METHOD OF ASSESSMENT OF ASYMPTOTIC STABILITY OF LINEAR
TIME-VARIABLE CIRCUITS

The method of assessment of asymptotic stability of linear time-variable circuits by frequency symbolic
approach is considered in this paper. The method consists of the replacing in criteria of stability the necessity
of formation of bifrequency transfer function of circuit on the formation of a normal parametric transfer
function in its inertial part. This leads to significant simplification of the method of assessment of a stability.

HOpiiu Illanosanos, bozoan Mano3zii, /lapia Cuans
YACTOTHUI CUMBOJIBHUI METO/I OLITHKH ACUMITTOTUYHOI CTIMKOCTI JITHIMHNUX
IMAPAMETPUYHUX KT

VY cTarTi po3riITHYTO METOJ OLIHKA aCUMITOTUYHOI CTIMKOCTI JNiHIHUX MapaMeTpUYHUX Kil YaCTOTHUM
CUMBOJBHUM METOZIOM. MeTon Tmoiisirae y 3aMiHi y KpuTepii CTIHKOCTI HeoOXimHoro (opMmyBaHHS
OivactoTHOi TepemaBanbHOI (QYHKINI Koja Ha (OpMyBaHHS HOPMAIBHOI IMapaMeTpHIHOI TepenaBaibHOT
¢dyHKLIT fioro iHepuiiHOT YacTHHU. L{e MpUBOANUTE 10 CYTTEBOTO CIPOILECHHS METOIY OIIIHKH CTiHKOCTI.

HOpuii Illanosanos, bozoan Manosuit, /lapvs Cmans
YACTOTHBIN CUMBOJIbHBIN METO/] OLITEHK! ACCUMIITOTUYECKON YCTOUNBOCTU
JIMHEMHBIX TAPAMETPUYECKUX LIEIIEN

B craThe paccMOTpeH METOJl OIICHKHA ACCHMIITOTHUCCKOW YCTOYMBOCTH JIMHEHHBIX MapaMeTPHUCCKHX
ueneﬁ YaCTOTHBIM CHMBOJIBHBIM MCETOOOM. MCTOZI COCTOUT B 3aMCHC B KpI/ITepI/II/I yCTOﬁ‘IHBOCTH
He00X0MMOro (OpMUPOBAHUSS OMYACTOTHON TepeAaroeii (yHKIMY 1eny Ha (JOPMUPOBAHUE HOPMATLHOU
napaMeTpuyYecKoil PYHKIUH e¢ MHEPIUOHHON YaCcTH. ITO MPUBOIUT K CYIIECTBEHHOMY YMPOIISHHIO METOIa
OIIEHKH YCTOWYHBOCTH.
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Prepare your paper according to the following requirements:

Unconditional requirement - paper should not be published earlier.

(i)

(ii)
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(iv)
V)
(vi)
(vii)
(viii)

(ix)

(x)
(xi)
(xii)
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Suggested composition (frame) of paper:

Issue formulation stressing its urgent solving; evaluation of recent publications in the explored issue
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description of proposed method (algorithm)

implementation and testing (verification)

conclusion.
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A paper must have an abstract and some keywords;
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Word'97 of MS Word 2000 format to the address computing@computingonline.net.
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There is no other formatting required. The publishing department makes all rest formatting
according to the publisher’s rules.
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OCHOBHI BUMOTH JI0 TIOJIaHHS 1 0OpPMIIEHHS ITyOITiKaliid HayKoBOTO XypHay “Komm roTuHr”:

be3yMOBHOI0O BHMOIOIO € T€, 100 cTATTS He 0yJia ony0JiKkoBaHa paHinie!

(M)

(i)

(iii)
(iv)

(v)
(vi)
(vii)
(viii)
(ix)
(x)

(x1)
(xii)

(xiii)

(xiv)

(xv)

HaykoBi cTaTTi TOBHHHI MaTH Taki HEOOXiHI €JIeMEHTH:

[OCTaHOBKA MPOOJIEMH Y 3arallbHOMY BHIVIIIL Ta 1i 3B’5I30K 13 BAYKIMBUMA HAYKOBUMH YU MPAKTHIHUMH
3aBIAHHSAMY,;

aHaJIi3 OCTAaHHIX JOCIIIKEHb 1 MyOJTiKaIlii, B IKUX 3aII09aTKOBAHO PO3B’SI3aHHS JaHOI IIpobIeMH 1 Ha sIKi
CIHMPAETHCS aBTOP, BUAIIEHHsI HEBUPIIIEHNX paHillle YaCTHH 3arajibHOT IPOo0IeMH, KOTPUM IPHUCBSIIY€ETHCS
O3HAYCHA CTATTS;

(dbopMmyroBaHHS ITiJIel CTAaTTi (MOCTAHOBKA 3aBJaHH);

BUKJIa]l OCHOBHOTO MaTepially JOCIiKEHHS 3 IIOBHUM OOIPYHTYBAaHHAM OTPUMAHUX HAYKOBUX PE3YJIbTATIB;
BUCHOBKH 3 JIAHOTO JOCII/UKEHHS | IEPCIIEKTUBY MOAANBIINX PO3BIIOK y JIAHOMY HAIIPSIMKY.
Buxopucrosyiite A4 (210 x 297 mm) ¢dopMaT cTOpiHKU. 3arajJbHUNA PO3Mip CTaTTi Ma€ MiCTUTH 6-8
CTOPIHOK.

Bukopucroyiite ABOKOJIOHKOBE (POPMATYBaHHS OCHOBHOTO TEKCTY;

CraTTs moBMHHA 0OOB’SI3KOBO MiCTUTH OCHOBHHUH TEKCT YKPaiHCHKOIO MOBOIO, aHOTAIil0 (HalMCcaHy Ha
AHTTIHCHKIHM 1 YKpaiHCBKiNM MOBax) 1 CIIMCOK KITFOYOBHX CIiB;

B kiHII CTaTTi PO3MICTITh CITUCOK JIiTepaTypH. Po3MillyiTe CIIMCOK JIITepaTypH B MOPSAIKY il MUTYBaHHS.
HeoOxinHoto € iHpopMalig mpo HAyKOBi 3BaHHS, TUTYJIM Ta MOCAIH aBTOPIB.

Texcr noBuHEH OyTH HaOpaHUM OAWHAPHHUM IHTEPBAJIOM i3 BUKOpHCTaHHAM mpudTy Times New Roman
(11 points, regular).

dopMynH MOBUHHI BIIIUIATHCH BiJi OCHOBHOTO TEKCTY IMYyCTUMH CTPIiYKaMH a TaKOXX MPOHYMEpOBaHi y
KPYIJIHX JTyXKax Ta BiALICHTPOBaHi MO IPaBOMY Kparo.

Tabuili 1 pUCyHKH TOBHHHI OyTH MPOHYMEPOBAHWMHU. 3ar0JIOBKH PUCYHKIB PO3MIIIYIOTH ITiJ] PUCYHKOM
IO IIEHTPY. 3aroJOBKH TA0JIHUIh PO3MIIYIOTH MO IIEHTPY 3BEPXY TaOJIHIII.

3aBepiieHi Bepcii cTaTel MOBUHHI OyTH HaicIaHUMU B efeKTpoHHOMY MS Word’97 ao MS Word 2000
(dhopmarti 3a agpecoro computing@computingonline.net.

[Ipocumo HamCHIATH TTOIITOIO PO3APYKOBAHI KOTIII cTaTei.

B kiHIi KOXHOI CTaTTi MOTPiIOHO MmojAaTH ii Ha3By, pe3toMe (aOCTpakT) 1 KJIIOYOBI CIOBA aHTIIHCHKOIO
MOBOIO.

[Ipocumo HaacumaTy HaM KOpoTKi Giorpadiuni nani (o 20 psaakiB) 1 ckaHoBaHi GoTorpadii KOXKHOTO i3
aBTOPIB.

BunaBHUITBO 37iliCHIOE OcTaTOYHE (hOpMATyBaHHS TEKCTY 3TiJHO 13 BUMOTaMH JPYKY.

VY 3aKOpIOHHUX YUTAYiB MOXYTh BUHUKHYTH MPOOJIEMH TPH 03HAHOMIICHHI 3 MpaIsiMA Ha POCIHCHKIN Ta
YKpaiHCBKi MoOBax. B 3B 3Ky 3 IIMM pemakiiifHa KOJETis MPOCHTh aBTOPIB JOZATKOBO MPHUCIATH
po3mupeHuii pedepar (pesrome), moO O MICTHIO JBI CTOPIHKA TEKCTY AaHTIIIHCHKOIO MOBOIO, 1
CYIIPOBOKYBAJIOCH 3arOJIOBKOM, MPI3BHINAMH Ta aJgpecaMH aBTOpiB. ABTOpaM pEKOMEHIYETHCS
BUKOPUCTOBYBaTH y PHCYHKaX CTaTTi IO3HAYCHHS IICPEBAXKHO AaHIIIHCHKOIO MOBOIO, abo0 maBatd
nepexnag y Ayxkax. Tolli y po3IIMPEeHOMY pe3loMe MOXHA Oy/e MOCHIATHCS Ha PUCYHKH Y OCHOBHOMY
TEKCTI.

Temaruka )KypHay:

ANTOPUTMH Ta CTPYKTYPH AaHUX
Bio-indopmaTrka

KnactepHi Ta napanenbpHi 004nCIeHHs, IPOrpaMHi 3aco0M Ta cepeloBHUILE
OG6uucIroBaNbHUHN IHTEIEKT

Komm’roTepre Ta imiTariitne MOAeIIOBaHHS
KiGepHeTnuHa Ge3mneka Ta 3aXHCT Bill TEPOPUMY
OOMiH JTaHUMH Ta OpraHi3arLis Mepex
Buno0OyBanHs naHux, 6a3u 3HAHb Ta OHTOJOTIT
Iudposa 06pobka cUrHaiB

Po3nopineni cucremMu Ta JUCTaHIIHHE YIpaBIiHHSL
OcgiTa B KOMI FOTHHTY

BOynoByBaHi cucteMu

BucokonpoaykTusti obuucienns ta I P1J]
O0poOKka 300paXKeHb Ta PO3Mi3HABAHHS NIA0JIOHIB
[HTenextyanbHi poOOTOTEXHIUHI CHCTEMHU
InTepuer peueit

CrangapTr3amis KOMI IOTEPHUX CHCTEM
BesnposiaHi cucremn
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OcHoBHEbIEe TpeOOBaHMS K MMOAa4Ye U OPOPMIICHUIO MyOIMKANK HayqHOTO XypHaia “KoMmbroTHHT:

Bbe3ycaoBHOE TpeOOBaHHE — UYTOOLI CTATHS He ObLIA ONYOJHMKOBAHA paHee!

(M)

(i1)
(iii)
(iv)
(v)

(vi)
(vii)

(viii)
(ix)
(x)

(x1)
(xii)

(xiii)
(xiv)

(xv)

Hayunbie cTaThy JOIDKHBI IMETH TaKHE HEOOXOIUMBIE JIEMEHTHI:

[OCTaHOBKA MPOOJIEMBI B OOIIEM BH/IE U €€ CBSI3b C BAYKHBIMH HAaYYHBIMH HJIM IPAKTHYCCKUMU 331a4aMH;
aHaJIM3 MOCIICIHUX UCCICIOBAHUH 1 ITyOIMKaLKii, B KOTOPBIX HAYaThl PEILICHHS JAHHON NPOOIeMBI U Ha
KOTOPBIE OIMPAETCS ABTOP, BBIACICHHE HEPEIICHHBIX IPEX/Ie YacTell 00mIeil mpobieMbl, KOTOPBIM
MOCBSAIIAETCS 0003HAYCHHAS CTAThS;

(dopmypoBaHue 11ej1el cTaThu (IIOCTAaHOBKA 32/1a4a);

W3JI0KEHHE OCHOBHOTO MaTepHalia HCCIICI0BAHMUS C MOJHBIM 000CHOBaHHEM MOJyYCHHBIX HAyYHBIX
pE3yIbTATOB;

BBIBOJIbI U3 TAHHOTO MCCIICOBAHUSI U MEPCIICKTUBBI JaTbHEHIINX U3bICKAHUN B JAHHOM HAIPABJICHUH.
Ucnons3yiite A4 (210 x 297 mm) popmat crpanuubl. OOl pa3mep cTaTbu 6-8 CTpaHULL.

HcnonpayiiTe TByXKOIOHOYHOE (POPMATHPOBAHIE OCHOBHOTO TEKCTA;

Cratbsl JOIDKHA 0053aTENBFHO COEeP)KaTh OCHOBHOH TEKCT Ha PycckoM s3bIKe, aHHOTANUIO (HATUCAHHYIO
Ha AHMIHKACKOM U PycckoM si3pIKax) U CIIMCOK KITFOUEBBIX CJIOB;

B KkoHIle cTaThu pa3MecTHTE CHHCOK JIMTEpaTyphl. PazMmeriaiiTe CIUCOK JTUTEpATyphl B IMOPAIKE €€
OUTHPOBAHMS.

HeoOxoanma uH(popManus o HayuHbIX 3BaHUAX, TUTYJIAX U JOJDKHOCTAX aBTOPOB.

Texker pomwkeH OBITH HAOpaHHBIM ONMHAPHBIM HHTEPBAJIOM C HCIONb30BaHHEM mipudra Times New
Roman (11 points, regular).

DopMyIIBI OIKHEL OTIEISATHCS OT OCHOBHOTO TEKCTA ITyCTHIMHU CTPOKAMH, a TaKKe IPOHYMEPOBAHHBIC B
KPYTJIBIX CKOOKaX M OTLIEHTPOBAHHBIC 10 ITPABOMY Kparo.

TaOmumpl ¥ PUCYHKH MOIDKHBI OBITH IPOHYMEPOBAHHBIMH. 3arojlOBKM PHUCYHKOB pPa3MEIIAIOT IO
PHUCYHKOM I10 HEHTPY. 3ar0JI0BKU TAOJIHIl pa3MEIIAIOT MO ICHTPY CBEPXY TAOJIHIIEL.

3aBeplleHHbBIE BEPCUU CTaTeil MOMKHBI OBITH MpPHUCHaHBl B 3yeKTpoHHOM MS Word'97 unu MS Word
2000 dopmate o aapecy computing@computingonline.net.

[Ipocum mpucHIIaTh pacriedaTaHHbIe KOMMUH CTaTeH Mo modre.

B xoHle KaxxAoW cTaTbu HEOOXOAMMO MPEJOCTaBUTh €e Ha3BaHHE, pe3ioMe (aOCTpakT) M KIHOUeBbIE
CJIOBA Ha QHTJIMHCKOM SI3BIKE.

[IpocuM mpuCEUIaTE HAM KOpPOTKHE Oworpaduueckne naHHble (Ho0 20 cTpouek) W CKaHHPOBAHHEIC
(hoTorpaduu Kaxk10ro U3 aBTOPOB.

N3naTensCTBO OCYIIECTBISIET OKOHYATEIbHOE (hOpMATHPOBAHUE TEKCTa B COOTBETCTBHH C TPEOOBAHUSIMU
MICYaTH.

VY 3apy0eHBIX YUTATENCH MOTYT BO3HHKHYTH IPOOJIEMBI IIPH O3HAKOMJICHHH C TPYAaMH Ha PYCCKOM U
YKPaWHCKOM sI3bIKax. B CBSI3M ¢ 3THM pENaKIMOHHAS KOJUIETHS TPOCUT aBTOPOB JOTIOJTHUTEIBHO
MpHclaTh paclUpeHHbId pedepar (pe3toMe), KOTOpBIA cojepxal OBl JIBe CTpaHUIBl TEKCTa Ha
AQHTJIAHACKOM SI3BIKE, M COIPOBOXKIAJNCS 3arojoBKOM, (aMIIMAMH H agpecaMd aBTOPOB. ABTOpaM
PEKOMEHyeTCsl MCIIONB30BaTh B PUCYHKaX CTaTbd O0O3HAUEHHs MPEUMYIIECTBEHHO HA AHTIHICKOM
SI3BIKE, WIN JaBaTh IEPEeBOX B CKOoOKaxX. Torga B pacmIMpeHHOM pe3foMe MOXHO OyJeT MOCHIIaThCS Ha
PHUCYHKH B OCHOBHOM TEKCTE.

TemaTuka xypHana:

AJITOPUTMBI U CTPYKTYPBI JaHHBIX

Buo-undopmaruka

KnacTephsle u napasienbHble BEIYUCIEHNUS, IPOrPAMMHBIE CPEACTBA U CPEJIBI
BoruncnuTenbHblil MHTEIEKT

KoMnbroTepHOE 1 MMUTALIMOHHOE MOZCINPOBAHNE
KubepHernueckast 6€301acHOCTD | 3alllUTa OT TEPPOPH3Ma
OOMeH TaHHBIMH U OpTaHU3aIHs CeTei

JloObIvya TaHHBIX, 0a3bl 3HAHUI W OHTOJIOTUH

udposas 06paboTKa cUrHAIOB

PacripezenieHHBIE CHCTEMBI M IUCTAHIIMOHHOE yIIPaBICHNE
O6pa3oBaHne B KOMIIBIOTHHTE

BcrpanBaemble cHCTEMBI

BricokomnpousBoaurenbuble Berunciaenus u 'PUJL
O6paboTka U300pakeHNi U pacrio3HaBaHUE M1a0JIOHOB
WHTenexTyaabHble pOOOTOTEXHUYECKUE CHCTEMBI
HuTepHuer Beweit

CranmapTH3anys KOMIIBIOTEPHBIX CHCTEM

becnpoBoanblie cuctemMbl
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