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DEVELOPMENT OF THE DECISION SUPPORT 
SUBSYSTEM IN THE SYSTEMS OF NEURAL 
NETWORK PATTERN RECOGNITION BY 
STATISTICAL INFORMATION (p. 4-12)

Elena Arsirii, Olga Manikaeva, Alexandra Vasilevskaja

The decision support subsystem in the neural network pat-
tern recognition system, allowing to reduce the subjectivity and 
increase the quality of expert decisions in the construction of train-
ing samples by the statistical data of observations over the state of 
the management facilities of the production or social environment 
is developed. A functional structure of the NNPR system of the 
management facilities of the production or social environment 
by statistical information is proposed. According to the proposed 
structure, the problem-oriented NNPR system consists of subsys-
tems of the initial data preparation for the PR and storage of the 
aggregated data, neural network models, and knowledge about 
the management facility of the production or social environment, 
as well as the support of the decision-making about its state. The 
decision support subsystem based on the proposed method of 
support of the classification decision-making using the Kohonen 
self-organizing layer is developed. The developed method of sup-
port of the classification decision-making provides a consistent 
implementation of the stages of self-organizing of neurons of the 
Kohonen computing layer, the calibration of the elements of the 
output vector of the training sample and their final labeling. An 
example of implementation of the proposed subsystem of support 
of decision-making about the class of the initialized labor protec-
tion project based on the expert estimates of the current level of 
the organization and working conditions at the enterprise is given. 
Using the developed decision support subsystem in the systems of 
NNPR by statistical information allows to adjust the decisions of 
the DM in accordance with the decisions of the neural network 
output machine, and thereby increase a relative share of correct 
expert estimates by 20 % on average and reduce false estimates for 
a number of pattern recognition problems by 50 %.

Keywords: decision support system, pattern recognition, knowl-
edge representation models, Kohonen neural networks.
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SELECTIVE PATTERN MATCHING METHOD FOR 
TIME-SERIES FORECASTING (p. 13-18)

Alexander Kuchansky, Andrii Biloshchytskyi

The selective pattern matching method for forecasting the 
increment signs of financial time series is proposed. This approach 
is based on indexing the time series to find similar sites in their 
dynamics based on the K-nearest neighbors method and selective 
grouping of these sites by the increment signs observed when com-
pleted. Similar sites are identified by calculating measures of simi-
larity between the supporting and non-supporting stories of time 
series. Depending on the representation of time series, Hamming 
measure or Euclidian measure can be used for indexing. Before ap-
plying the method, it is recommended to carry out the procedure 
of pre-forecasting fractal time series analysis for determining the 
levels of persistence, antipersistence and randomness of time series, 
identifying the availability of memory and determining the medium 
length of quasicycles. The parameters, defined based on the pre-
forecasting analysis are used in forecast generation by the described 
method. The proposed method can be used as part of information 
forecasting and decision support systems, including those used in 
the currency market to improve the accuracy of forecasting the 
increment signs of time series.

Keywords: time series, forecasting, indexing, increment sign, 
pattern matching.
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RESEARCH OF ABSOLUTE AND FIGURED 
ABSOLUTE CONVERGENCE OF THE BRANCHED 
CONTINUED FRACTIONS OF THE SPECIAL FORM 
(p. 19-26)

Tamara Antonova, Svitlana Vozna

The paper deals with the issue of convergence of one of the 
generalizations of continued fractions – branched continued frac-
tion (BCF) of the special form with two branches, which has been 
proposed by the Polish mathematician W. Siemaszko in solving 
the problem of compliance between the formal double power series 
and a sequence of rational approximations of the function of two 
variables.

Unlike continued fractions, approximations of which are con-
structed unambiguously, there are many ways to construct approxi-
mations of BCF of the general and special form. The paper examines 
the conventional approximations of one of the structures of figured 
approximations of the studied BCF, which is associated with the 
problem of compliance. The formulas of difference between two 
approximations (two conventional, two figured, figured and conven-
tional) were given.

Using the majorant method and known results of the theory of 
convergence of continued fractions, the theorem on some sufficient 
conditions for absolute and absolute figured convergence of BCF 
of the special form with two branches towards the same border was 
proved. It was shown that the values of the studied BCF and its ap-
proximations belong to a circle, the radius of which depends on the 
values of BCF elements on the first floor and the constants appearing 
in the formulation of the theorem.

By choosing different values for these constants, it is possible to 
obtain various signs of absolute and figured absolute convergence of 
BCF of the special form.

Keywords: continued fractions, branched continued fractions, 
approximation, absolute convergence, figured absolute convergence, 
majorant fraction.
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THE USE OF CONVOLUTION OPERATORS IN THE 
TASKS OF EDGE DETECTION (p. 27-31)

Sergey Petrov, Igor Marchenko, Boris Dibrov

Despite the prevalence of the Kenny algorithm in the edge de-
tection, insufficient attention has been paid to the optimal selection 
of the convolution matrix. The paper describes typical algorithms 
to detect the object edges in the image and use the peculiarities of 
convolution operators in the Kenny algorithm. The research uses a 
base image size of 13,225 units. Thus, the experiments have proved 
that the Sobel operator is optimal, in general, for the Kenny algo-
rithm. We have also considered the Roberts operator and the Previtt 
operator as alternatives and proved that they effectively process 
individual cases but generally give worse results. We have made 
a comparative analysis of advantages and disadvantages of all the 
operators. The paper presents an example of a detailed calculation 
of the gradient by using the Sobel operator in the Kenny algorithm 
after the preceding use of the Gaussian filter. The result of the study 
is verification of the  optimal choice of the Sobel operator for the 
Kenny algorithm.

Keywords: the Kenny algorithm, the Sobel operator, the Rob-
erts operator, the Prewitt operator, detection of the edges, gradient.
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MONITORING DISTRIBUTED COMPUTING 
SYSTEMS ON THE BASIS OF THE DETERMINED 
SHORTEST PATHS AND SHORTEST HAMILTONIAN 
CYCLES IN A GRAPH (p. 32-45)

Sergey Listrovoy, Sergii Minukhin, Elena Listrovaya

The tasks of monitoring the Distributed Computing System 
(DCS) are associated with optimization of the order (sequence) 
of surveying the monitored objects, such as resources (clusters 
and cluster nodes), carried out tasks (downloads), communication 
channels, and database servers. The problems are solved due to 
the use of plug-ins that include programs to initialize the startup 
and operation of remote services (agents), while the latter provide 
control over the DCS performance. Since the size of each of the 
transmitted commands to initialize the remote services of the 
monitored objects is several kilobytes and there are thousands of 
the DCS-controlled nodes, the volume of the transmitted informa-
tion reaches 4–5 Mbytes. The amount of the transmitted results of 
assessing the state of the monitored objects in the DCS, which can 
be about 412 per one object, and the volume of each object – about 4 
Kbytes – largely affect the bandwidth of communication channels.

This accounts for the necessity to optimize the survey time for 
the monitored objects via minimizing the time for control over the 
DCS objects in real time. The problem is solved due to the method 
implemented in two stages: finding the shortest path and the short-
est Hamiltonian cycle in a random graph describing the topology of 
the DCS communication channels. The proposed DCS-monitoring 
methods allow optimizing the survey time for the monitored ob-
jects in polynomial time and consequent improving the quality of 
performance and the quality of service provided to the DCS users 
in real time.

Keywords: distributed computing system (DCS), monitoring, 
agent, remote access, delay, graph.

References 

1.	 Nagios – The Industry Standard in IT Infrastructure Monitoring. 
Available at: http://www.nagios.org

2.	 Icinga. Open Source Monitoring Available at: https://www.ic-
inga.org

3.	 Mynukhyn S. V. (2015). Informacyonnye tekhnologhii realyzacii 
dvukhurovnevoj modeli planyrovanyja paketov zadanyj v raspre-
delennoj vychyslyteljnoj systeme na osnove reshenyja zadachy o 
naimenjshem pokrytii. Systemy upravlinnja, navighaciji ta zv’jazku, 
1 (33), 111–115.

4.	 Ponomarenko, V. S., Lystrovoj, S. V., Mynukhyn, S. V. et al. (2008). 
Metody i modeli planirovanyja resursov v GRID-systemakh. Khar-
kov: INZhEK, 408. 

5.	 Kofman, A., Anry-Labroder, A. (1977). Metody i modeli issledovany-
ja operacyj. Celochyslennoe proghrammyrovanye. Moscow: Mir, 236.

6.	 Vaghner, Gh. (1973). Osnovy issledovanyja operacij. Moscow:  
Myr, 2, 489.

7.	 Richard, B. (1962). Dynamic Programming Treatment of the 
Travelling Salesman Problem. Journal of the ACM, 9, 61–63.  
doi: 10.1145/321105.321111 

8.	 Held, M., Karp, Richard, M. (1971). The Traveling-Salesman Prob-
lem and Minimum Spanning Trees. Mathematical Programming, 1, 
6–25. doi: 10.1007/bf01584070 

9.	 Gurevich, Y., Shelah, S. (1987). Expected computation time for 
Hamiltonian path problem. SIAM Journal on Computing, 16, 486–
502. doi: 10.1137/0216034 

10.	 Bjorklund, A., Husfeldt, T. (2008). Exact Algorithms for Exact 
Satisfiability and Number of Perfect Matchings. Algorithmica, 52, 
226–249. doi: 10.1007/s00453-007-9149-8 

11.	 Koivisto, M., Parviainen, P. (2010). A space-time tradeoff for per-
mutation problems. In Proceedings of the Twenty-First Annual 



80

Восточно-Европейский журнал передовых технологий 6/4 ( 78 ) 2015

ACM-SIAM Symposium on Discrete Algorithms, SODA ’10. Austin, 
484–492. doi: 10.1137/1.9781611973075.41 

12.	 Kohn, S., Gottlieb, A., Kohn, M. (1977). A generating function 
approach to the traveling salesman problem. In Proceedings of 
the 1977 annual conference, ACM ’77. New York, USA, 294–300.  
doi: 10.1145/800179.810218 

13.	 Karp, R. M. (1982). Dynamic Programming Meets the Principle of 
Inclusion and Exclusion. Operations Research Letters, 1 (2), 49–51. 
doi: 10.1016/0167-6377(82)90044-x 

14.	 Bax, E., Franklin, J. (1996). A Finite-Difference Sieve to Count 
Paths and Cycles by Length. Information Processing Letters, 60, 
171–176. doi: 10.1016/s0020-0190(96)00159-7 

15.	 Bjorklund, A. (2010). Determinant Sums for Undirected Hamilto-
nicity. In Proceedings of the 51st Annual Symposium on Founda-
tions of Computer Science, FOCS’10. Washington, DC, 173–182. 
doi: 10.1109/FOCS.2010.24

16.	 Woeginger, G., J. (2008). Open Problems Around Exact Algorithms. 
Discrete Appl. Math., 156, 397–405. doi: 10.1016/j.dam.2007.03.023 

17.	 Eppstein, D. (2003). The traveling salesman problem for cubic 
graphs. Algorithms and Data Structures. Lecture Notes in Computer 
Science, 2748, 307–318. doi: 10.1007/978-3-540-45078-8_27 

18.	 Iwama, K., Nakashima, T. (2007). An improved exact algorithm 
for cubic graph TSP. Computing and Combinatorics. Lecture 
Notes in Computer Science, 4598, 108–117. doi: 10.1007/978-3-
540-73545-8_13 

19.	 Gebauer, H. (2011). Finding and enumerating hamilton cycles in 
4-regular graphs. Theoretical Computer Science, 412 (35), 4579–
4591. doi: 10.1016/j.tcs.2011.04.038 

20.	 Mohyla, I. A., Lobach, I. I., Yakymets’, O. A. (2014). Influence of 
parameters of the ant colony algorithm on the traveling salesman 
problem solution. Eastern-European Journal of Enterprise Technolo-
gies, 4 (4 (70)), 18–23. doi: 10.15587/1729-4061.2014.26290

21.	 Boronikhina, E. A., Sibiryakova, V. A. (2014). Sravnenie metodov 
resheniya zadachi kommivoyazhera. Informatsyonnye tekhnolohii i 
matematicheskoe modelirovanie I74 (ITMM–2014). Tomsk: izd-vo 
Tom. un-ta, 3, 18–21.

22.	 Kureychyk, V. M., Martynov, A. V. (2014). Ob alhoritmakh resheniya 
zadachi kommivoyazhera s vremennymi ohranicheniyami. Informa-
tika, vycheslitel’naya tekhnika i ynzhenernoe obrazovanie, 1 (16), 
1−13.

23.	 Chastykova, V. A., Vlasov, K. A. (2013). Razrabotka i sravnitel’nyi 
analiz evristicheskikh alhoritmov dlya poiska naimen’sheho 
hamil’tonova tsikla v polnom hrafe. Fundamental’nye issledovaniya, 
10, 63–67.

24.	 Li, Y. A New Exact Algorithm for Traveling Salesman Problem with 
Time Complexity Interval (O(n4), O(n3*2n)). Available at: http://
arxiv.org/abs/1412.2437

25.	 Seraya, O. V. (2013). Analiz metodov resheniya transportnykh 
zadach so sluchainymi stoimostyami perevozok. Informatsionno-up-
ravlyayushchie sistemy na zheleznodorozhnom transporte, 4, 42–45.

26.	 Listrovoy, S. V., Gul, Yu. (1999). Method of Minimum Covering 
Problem Solution on the Basis of Rank Approach. Engineering Simu-
lation, 17, 73–89.

27.	 Listrovoy, S. V., Golubnichiy, D. Yu., Listrovaya, E. S. (1999). Solu-
tion method on the basis of rank approach for integer linear problems 
with boolean variables. Engineering Simulation, 16, 707–725.

THE MATHEMATICAL MODEL AND THE METHOD 
OF OPTIMAL STOCHASTIC CONTROL OVER THE 
MODES OF THE WATER MAIN OPERATION  
(p. 45-53)

Andrei Tevyashev, Olga Matviyenko

The study is devoted to the problem of increasing the efficiency 
of water mains in the present circumstances of transition to the 
three-band electricity tariffs. We have devised a new class of optimal 
stochastic discrete-time control over complex dynamic objects that 
is distinguished by additional extreme and probabilistic constraints 
on the phase variables. The suggested mathematical formulation of 
the optimal stochastic control over the modes of the water main 
has probabilistic constraints on the phase variables. We have also 
proposed a new strategy for the optimal stochastic control over 
the modes of the water main. The strategy takes into account the 
specific features of the water main as an object of stochastic control 
that operates in a stochastic environment, which allowed devising 
an effective method to solve the problem. It is shown that transi-

tion from the classic deterministic tasks of control over the modes 
of water mains to stochastic problems ensures a much lower (up to  
9 %) electricity cost.

Keywords: optimal stochastic control, probabilistic constraints 
on the phase variables, water main.
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CONSIDERING IMAGE STRUCTURAL PROPERTIES 
WHILE ESTIMATING COMPRESSED JPEG IMAGE 
QUALITY (p. 54-64)

Mykhailo Rodyhin, Oleksii Fedorov

Application of lossy compression methods involves the occur-
rence of distortions, so the problem of evaluating the level of these 
distortions is urgent. When using the DCT transformation, the main 
objective of quality assessment is selecting a statistical distribution 
model of the DCT coefficients of the image and the methods for 
estimating the parameters of the model.

A universal method of estimating the level of distortions that 
arise due to JPEG compression of images of any structural content 
is developed in the paper. To determine the image quality, PSNR 
metric is used. A key feature of the proposed method lies in involv-
ing various statistical models for computing the quantization noise 
variance of the DCT coefficients. In particular, for models of the 
DCT coefficients in the form of the double gamma distribution and 
the generalized Cauchy distribution, calculation-handy expressions 
for the quantization noise variance of the DCT coefficients of JPEG 
images are obtained. Using the double gamma distribution to solve 
the above problem is first proposed.

The well-known Laplacian model provides a relatively accurate 
estimation of PSNR only for those images that mostly consist of 
regions rich in small parts. While for the images, which contain sig-
nificant regions of monotonicity, the model in the form of the double 
gamma distribution provides a much better result.

The accuracy of the obtained theoretical expressions is con-
firmed by the results of experiments with grayscale JPEG images.

Keywords: JPEG image, quality, estimation, compression, DCT 
coefficients, probability distribution.
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DEVELOPMENT OF THE ALGORITHMS OF 
CORRECTION OF CORRELATION MATRICES  
(p. 65-76)

Telman Abbas Aliev, Naila Fuad Musayeva, Ulkar Eldar 
Sattarova, Narmin Eldar Rzayeva

Statistical methods are widely used in solving problems of 
automatic management of industrial objects, as they enable us to 
determine the dynamic characteristics during normal operation of 
objects. The statistical correlation method for determining these 
dynamic characteristics is based on the solution of an integral equa-
tion that includes the correlation functions RXX(τ) and RXY(τ) of 
the input X(τ) and output Y(τ) signals. It allows us to obtain the 
dynamic characteristics of an object without disturbing its regular 
operation mode. However, the application of these methods for 
constructing mathematical models of real-life industrial objects 
presents the following certain difficulty. Interferences and noises 
are imposed upon the useful signal, hindering the calculation of 
the estimates of their static characteristics. The paper presents one 
possible option of creating alternative methods and technologies 
for eliminating the error induced by noise during the formation 
of correlation matrices. The proposed general algorithms allow for 
reducing these matrices to the similar matrices of useful signals.

Two presented alternative robust technologies enable one to 
solve these problems both in the absence of a correlation between 
the useful signal and the noise and in the presence of such. The 
validity of the result is controlled by duplication the obtained 
estimates of the elements of matrices by both methods. In many 
real-life industrial objects the need to apply the procedure of nor-
malization of the estimates take place. This leads to an additional 
error, which also leads to the disruption of adequacy of the results. 
In the paper, the general methods and technologies for eliminating 
that error are proposed.

Keywords: stochastic process, identification, technological pa-
rameter, noise, noisy signal, correlation function, correlation matri-
ces, normalized estimates, dynamics models.
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