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modeling digital reversible filters. Data Rec., Storage & Processing. 2019. Vol. 21. N 1. P. 3–10. — Ukr.
Digital filter is a digital system, which is used for filtering a discrete signal. It can be implemented

as a software method, and with the help of specialized equipment. In both cases, the digital filter can be
used for filtering, both in real time and for a pre-stored signal value. In this paper, we consider only the
algorithms for the synthesis of the software filter structure. However, it should be noted that on the basis
of these structures, implementations and hardware solutions of digital filters can beat. The use of HNS for
the synthesis of digital filter structures can give a tangible advantage. Digital filters with hyper complex
parameters have greater momentum and better characteristics in integrated parametric sensitivity.

The paper discusses the definition of hyper complex digital filter and the conversion of its transfer
function to the form of hyper complex function. A technique for selecting a hyper complex number sys-
tem has been developed for the equivalent of a hyper complex filter to a real analogue. It is shown that the
main method for determining the expediency of using one or another HNS for the synthesis of the struc-
ture of a hyper complex digital filter is the general form of the normic denominator of the hyper complex
transfer function of the filter. This turn should be a complete polynomial of the shift operator, and also
contain all the components of the multiplier with the shift operator in the denominator.

However, these conditions are only necessary in the synthesis of the hyper complex filter, since the
system of equivalence equations may not have real solutions when fulfilling these conditions. In this case,
it is necessary to switch to another HNS, if there is such an opportunity, or to switch to HNS of higher
orders. The latter path needs further research. Tabl.: 1. Refs: 11 titles.

Key words: hyper complex number system, digital filter, transfer function, norm, conjugation, tri-
plex numbers.
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Recently, for a certain circle of analytical processes there is a tendency of intellectualization of
software components that implement these processes. It also means the accumulation of knowledge about
the functioning of the analytical system, including knowledge of the analyst's actions. Accumulation of
knowledge allows the software to independently classify new data and offer the user the most appropriate
steps of the scenario for analytical activities.

An analytical activity scenario has considered as a certain representation of knowledge, used to de-
scribe the sequence of related events — in the form of Directed Acyclic Graph. The article proposes an
approach to solving the problem of intellectualization of the process of forming a scenario of analytical
activity, based on the development of methods of machine learning, namely Classification and Regression
Trees. This approach using a combination of metrics for evaluation of the effectiveness has been applied.

The authors have proposed an own version of the intellectualization software, that implement of
the Classification and Regression Trees method on Python programming language. This version differs
from the known, the possibility of using different metrics in analyzing the quality of the partition and
through it the choice of the next step of the probable actions of analytical scenarios. Unlike existing ap-
proaches, the authors have offered the choice of the most optimal metric for assessing the quality of ap-
proximation to the desired learning result — the Gini coefficient or the method of calculating the entropy
of utility information by Shannon.

The first step in constructing a scenario is a description of the matrix of all possible states of the
oriented graph, which reflects the sequence of user actions to achieve the goal.

Then, there have been computed the inhomogeneities input data, which contains a matrix of possi-
ble scenario actions. The measure of heterogeneity is entropy information by Shannon. To improve the
quality of the partition, use the Gini coefficient. The best decomposition criterion for «True» or «False»
has been calculated for constructing a decision tree. Based on the decision tree, the program offers the
user the most appropriate next steps. The algorithm has been supplemented by a more convenient mecha-
nism for forming the semantic conditions of the transition in the form of operators «if – then».

The suggested approach allows you to reduce the number of user’s erroneous actions (especially
inexperienced users) in the formation of complex scenarios with a variety of conditions for the use of data
analysis operators. Fig.: 10. Refs: 15 titles.

Key words: analytical activity, machine learning, Classification and Regression Trees method,
decision trees, Gini coefficient, entropy, graph, Python programming language.
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Matov A.Ya. Analytical models of multi-priority cloud data-centers with a mixed discipline of

providing services taking into account the features of functioning and possible failures. Data Rec., Stora-
ge & Processing. 2019. Vol. 21. N 1. P. 32–45. — Ukr.

One of the main indicators of the effectiveness of cloud data centers are indicators based on the as-
sessment of temporal characteristics. Violation of permissible time constraints, for example, the response
time of cloud data centers, has a negative impact on the efficiency of solving user target tasks. This is of
particular importance for real-time systems and, above all, for special information systems built using
private clouds. Analytical models of cloud data centers are developed as queuing systems with a mixed
discipline of resource allocation. The models take into account failures and various features of function-
ing and have arbitrary distribution laws for some stochastic processes. For each model, analytical expres-
sions for computing time characteristics have been obtained. Such models for the cloud data centers are
used for the first time. General description of the models is as follows. At the input of the cloud date -
center, which implements a mixed service discipline (with relative and absolute priorities), receives N
Poisson flows of requests for resources with corresponding N priorities. Duration of service for applica-
tions of various flows have their own arbitrary distribution laws. An application with relative priority,
whose service is interrupted by applications with absolute priority, returns to the queue. Two disciplines
for the renewal of service A and B are considered. Within the same priority, applications are serviced in
the order of receipt.

Cloud the date-center refuses to provide resources (for example, fails) under the Poisson law, and
is restored under an arbitrary law. During the recovery period, elements of adaptation to failures are used:
applications of some flows to the queue are accepted and accumulated, while others are not accepted (the
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discipline of the queue replenishment, I and II, respectively). The denial of service device can occur both
during its free state and during the application processing. Two disciplines of resumption of service after
restoration C and D have been considered. An interrupted application is processed from the point of its
interruption. The combination of disciplines — resumption of service and queue replenishment — allows
us to consider independent models of various types of systems that have the respective designation.

Different features of functioning consist of various combinations of disciplines A, B, C, D, I and
II, for which analytical formulas for calculating time characteristics of different types of systems have
been obtained. Refs: 21 titles.

Key words: cloud dat -center, mathematical model, discipline of providing computing resources,
mixed discipline of service, absolute and relative priorities, temporal characteristics, response time, arbi-
trary distribution laws.
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Tkachov V.N., Tokariev V.V., Churyumov G.I. Development of a multi-agent control algorithm

for control of a group of mobile «s-bot». Data Rec., Storage & Processing. 2019. Vol. 21. N 1. P. 46–56.
— Rus.

Currently, intelligent mobile objects (IMOs) are widely used in areas associated with risk to peo-
ple, for example, in the chemical and nuclear industry in case of man-made and natural disasters, etc. The
IMOs can be used in solving problems such as inspection and investigation of hard-to-reach premises,
monitoring of various objects, mapping of working space pollution, security systems, etc. The advantages
of using the IMO group are shown. The definition of multi-agent systems is given. The properties of the
concept of «agent» are formulated. The advantages of using the IMO group are shown: longer range; ex-
tended set of functions (multi-functionality); a higher probability of accomplishing the tasks, which is
achieved due to the possibility of redistributing goals between the IMO group in case of failure in some of
them. The relevance of multi-agent management of the IMO group in the aftermath of the consequences
of man-made accidents and disasters, where there is a destructive external influence (DEI), is formulated
because DEI is one of the basic conditions for the application of a technical system in the form of an IMO
in an environment that is dangerous to humans. The solution of this task is aimed at the practical imple-
mentation of multi-agent managing the IMO group, which allows to significantly reduce the degree of
risk when working in adverse or dangerous conditions. The concept of «Swarm-bot» system and its sepa-
rate component, a «swarm-bot», is introduced. It is shown that when building a «Swarm-bot» system, the
most important and challenging task is to develop a management system capable of solving global and
local planning tasks in accordance with the selected group management strategy and the received «s-bot»
information. Depending on the group management strategy used, there are three types of «Swarm-bot»:
centralized, decentralized, and hybrid. The composition of the hybrid «Swarm-bot» system is formed,
which includes the following elements: 1) control center; 2) a set of mobile «s-bots» with different «spe-
cialization» («s-bot» scouts, «s-bot» liquidators, etc.); 3) support equipment. The multi-agent manage-
ment approach to solving the problems of marking safe routes for evacuation and neutralization of chemi-
cal contamination outbreaks is considered. A multi-agent task distribution algorithm has been developed
for the «s-bot» team. It has been shown that centralized management should be applied if the number of
«s-bot» members that are in the team is small and the environment, in which «s-bost» operate, change
slower. In other cases, multi-agent control is preferred. Tabl.: 8. Fig.: 5. Refs: 14 titles.

Key words: smart mobile objects, «swarm-bot», «s-bot», lan-«s-bot», hybrid system, «cost»,
«auction», «sale», «income», «purchases».
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Korniienko O.V., Subbotin S.O., Naryvskyi O.E. Neural network modeling of critical tempe-

ratures for steel pitting. Data Rec., Storage & Processing. 2019. Vol. 21. N 1. P. 57–67. — Ukr.
The task of creating mathematical software for constructing quantitative dependency models based

on forward propagation neural networks has been solved in the work. A modification of method for drop-
ping out neurons is proposed, which better prevents the model from overfitting. The modified method
takes into account the effect of each neuron on the model error. It is proposed to increase the probability
of dropping out of neurons that more affect the model error and to decrease the probability of dropping
out of neurons that less affect the model error. New probabilities of dropping out of neurons depend not
on the degree of influence on the error, but on the number of neurons on the same layer that affect the
error more or less. The probability of dropping out of a neuron with the smallest influence on the error
decreases by 50 % and for a neuron with the largest influence on the error increases by 50 % of the base
probability. To calculate the dropping out probabilities of all neurons, it is proposed to use a sigmoid
function with a nonlinearity coefficient. The mean probability of dropping out of neurons remains un-
changed, so that modifications in the method relate only to the learning process. Despite the fact that the
training of the neural networks by the proposed method takes more time, the quality of the trained models
increases. The practical problem of determining the critical pitting temperatures of AiSi 321 steel by its
characteristics has been solved. The construction of neural network models, their training and testing on
the data on the characteristics of steel has been performed. The constructed models differ in the number
of neurons on the hidden layer and the base probability of dropping out of neurons. Each model was
trained by three methods: without dropping out of neurons, with the usual method of dropping out and
with a modified method of dropping out. The test results of all constructed models have been compared.
The average error on the test data when using the modified method of dropping out is about 9 % less than
when using the usual method. Tabl.: 3. Fig.: 5. Refs: 12 titles.

Key words: dataset, training, neural network, error, gradient, dropout, probability, AiSi 321 steel.
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Antonov E.E. Chromaticity and Color Filters for Fresnel Microprism. Data Rec., Storage & Proces-

sing. 2019. Vol. 21. N 1. P. 68–82. — Ukr.
The application of Fresnel microprisms always reduces the contrast and worsens the resolution of

the formed optical images. During ophthalmologic diagnostics the microprisms affect the visual acuity of
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the patient which is decreasing depending on the contract of test chart optotypes. The main reason for
reducing the contrast and for worsening the resolution of optical images when using prisms is the
chromaticity of white light that occurs when the light rays of different wavelengths are refracting on the
prism surfaces. Therefore, quantitative data on this effect and the search for ways to reduce it are
necessary. A color light filters can be used to diminish the chromaticity, so the chromatic aberrations with
light filters should be considered quantitatively. From this point a modified rigid Fresnel microprisms
with protected relief developed at the Institute for Information Recording (Ukraine) were investigated.
Comparative optical characteristics were calculated for microprisms with yellow-blue and green-blue fil-
ters. Experimental data on chromaticity aberrations were obtained using new electronic method for regis-
tering the resolution of test stroke images with and without filters. The influence of light filters on the
visual images through Fresnel microprisms was registered. These data are necessary to distinguish the
effect of prisms and filters in the total decrease of the contrast. The reasons for contrast decrease and im-
age resolution diminishing with light filters are discussed for all of investigated ophthalmic microprisms.
Tabl.: 1. Fig.: 15. Refs: 18 titles.

Key words: rigid Fresnel microprisms, contrast sensitivity, visual acuity, green-yellow filters.
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Lande D.V., Dmytrenko O.O., Snarskii A.O. Research of network relaxation time as a charac-

teristic of network nodes. Data Rec., Storage & Processing. 2019. Vol. 21. N 1. P. 83–94. — Ukr.
The development of the Internet caused a number of problems, which are related, first of all, with

a massive quantity of data in the Web-space, including needless data. It turned out that many tasks which
arise while working with the network information space, have much in common with mathematical sci-
ences. This fact opens wide opportunities to apply powerful mathematical tool. In particular, knowledge
in the field of discrete mathematics, the theory of graphs and networks is used for research of network
structures. The research of statistical properties that characterize the behavior of networks; network mod-
eling; forecasting of behavior of complex networks while structural properties change are actual problems
of complex networks theory. The article is devoted to the research of a new characteristic of the nodes of
network structures — the relaxation time. HITS and PageRank algorithms are used for research relaxation
time of nodes after giving them a perturbation. It was found that the relaxation of some already traditional
indicators of network, after the perturbation of individual nodes, is affected by its topology, namely: the
absence or presence of outgoing links in the perturbed nodes and their number; the presence of outgoing
links in perturbed nodes, which are only «authors»; the presence of outgoing links to nodes that are pri-
mary sources of «important» nodes; the presence of «authoritative» nodes that refer to a perturbed node;
the entry of the disturbed node into a separate small cluster, etc. The relaxation time was used to research
the structure of the language network that built for the subject domain «Internet of things». In this study,
an algorithm for forming a directed network of words and word combinations - an algorithm for forming
network of natural terms hierarchy (NNTH) was used for building the language network. By using of the
relaxation time the most important components of the network that related with the subject domain
«Internet of things» were determined. The numerical characteristic of network nodes, which suggested in
the study can be used for researching and analyzing the structure of the network, and enable to identify of
the most important and structural elements. Tabl.: 3. Fig.: 5. Refs: 12 titles.

Key words: omplex network, relaxation time, degree of node, HITS, PageRank, subject domain,
language network, networks of natural terms hierarchy.


