DOI: 10.15587/1729-4061.2019.170824
EXAMINING A MATHEMATICAL APPARATUS
OF Z-APPROXIMATION OF FUNCTIONS FOR
THE CONSTRUCTION OF AN ADAPTIVE
ALGORITHM (p. 6-13)

Olha Kryazhych

Institute of Telecommunications and

Global Information Space, Kyiv, Ukraine

Institute of Technology and Business in Ceské Budgjovice,
Ceské Budgjovice, Czech Republic

ORCID: http://orcid.org/0000-0003-1845-5014

Oleksandr Kovalenko
Institute for Nuclear Research of National Academy

of Sciences of Ukraine, Kyiv, Ukraine
ORCID: http://orcid.org/0000-0002-3406-8770

The result of this research is the proposed to mathemati-
cal apparatus and a procedure for constructing adaptive algo-
rithm based on Z-approximation of functions. A given study
is required to improve approaches to constructing algorithms
that change their performance in response to changes in in-
put information. This, in turn, significantly improves results
in solving the problems that can be implemented using such
an algorithm. For example, solving nonlinear problems, de-
scription of complex surfaces, search for information.

It has been shown that the solutions derived in the
current study are in agreement with the application of the
same algorithms for separate groups of functions used for
approximation. These functions are used when constructing
a direction to search for and provide an opportunity to build
a model of error in Z-approximation using the initial or final
approximations.

The definition of Z,-approximation has been given as
the approximation with a multiple interval reduction that
simplifies recurrent formulae and is a feature of the pre-
sented approach. The proposed methodology and the basic
algorithm make it possible to directly determine a series of
common and hyperbolic functions using Z,,-approximations
and parallel computing. Based on the research results, an
adaptive algorithm has been presented to calculate arctg x as
a function inverse to tg x.

The above can be used when constructing an adaptive
search algorithm in the arrays of unstructured or poorly
structured information. Such a search is employed for books
and textbooks, uploaded to the Internet in formats jpeg, pdf,
or as fragments of the specified formats. In this case, based
on the adaptive algorithm, a special model is constructed,
which can be implemented according to several variants with
a change in direction.

Keywords: search algorithm, process distribution, recur-
rence record, residual, approximation.
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Optimization of the stock management process is asso-
ciated with the search for a forecasting model, a method for
generation of a forecasting time series, a model of logistic
operation, determining a reasonable level of reserve stocks
and establishing the optimization criterion.

Successful solution to the optimization problem in gene-
ral can be achieved only if the whole complex of local man-
agement problems is successfully solved. In this case, the
method of generation of a cointegrated time series of demand
forecasting is the central element of the technology of opti-
mal stocks management. This relates to the fact that probabi-
listic nature of demand is the main factor reducing efficiency
of management in systems of this class.

It was shown that the proposed method for improving
management efficiency can be used in any economic system
due to the possibility of construction of a single logistic ope-
ration model.

The proposed approach is based on formation of a time
series specifically designed to solve the problem of forecas-
ting the demand in stocks buffering systems. Such a series
contains both information on sales volumes and data related
to consumer demand.

Since consumer activity is ahead of the process of phy-
sical consumption of products, it becomes possible to use
anticipatory markers in forecasting problems.

The study of operational processes using a verified indi-
cator of efficiency has confirmed the hypothesis of presence
of anticipatory markers within the framework of the formed
forecast time series.

It has been established that the maximum management
efficiency can be achieved in the case of a lower construction
accuracy of the forecast model. This is due to the fact that

the logistic operation model takes into account the costs of
movement of products and their valuation at the operation
input and output.

Keywords: demand forecasting, operational forecasting,
cointegrated demand series, resource usage efficiency.
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The conducted studies established the prospect for en-
hancing the performance of computing components, spe-
cifically, combinational 16-bit adders, based on the use
of the principles of computation of digital signals of an acyc-
lic model.

The application of an acyclic model for the synthesis of
16-bit parallel adders is designed for:

— the process of sequential (for lower bits) and parallel
(for all other bits) computation of the sum and carry signals.
Thanks to this approach, it becomes possible to reduce even-
tually the complexity of the hardware part without increas-
ing the circuit depth;

— fixation (planning) of the adder circuit depth before its
synthesis. This makes it possible to use the logical structure
of transitive carry, which ensures the optimal adder circuit
depth and does not increase its complexity.

Utilizing an acyclic model for the construction of 16-bit
parallel adders is more beneficial in comparison with the ana-
logs by the following factors:

— the lower cost development, since an acyclic model
determines a simpler structure of a 16-bit adder;

— application of the latest developed logical structures
of transitive carry, which makes it possible to decrease the
delay of sum and carry signals, area, power consumption and
to increase overall efficiency of 16-bit adders of binary codes.

Due to this, the possibility of obtaining optimal values
of structure complexity and the depth of the adder circuit
is ensured. In comparison with the analogs, it provides an
increase in quality of indicator of 16-bit acyclic adders, such

as power consumption, chip area by 15-27 %, depending on
the chosen structure, and performance by 10-60 %.

There are some grounds to argue about the possibility of
enhancing the performance of computing components, spe-
cifically, 16-bit adders of binary codes by using the principles
of computation of digital signals of an acyclic model.

Keywords: optimal performance of acyclic adders, Ling
Adder, Kogge-Stone Adder, Knowles Adder.
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The methods for calculation of recurrence plots in space
with a scalar product were developed. They enable examining
the properties and features of the vector of states of dynamical
systems of various complexity in natural and social spheres.
A new scientific result is the development of scientific-me-
thodical apparatus to calculate recurrence plots of vectors
of states of systems in metric spaces expanded on the basis
of scalar product. Two methods for calculation of recurrence
plots for vectors of states of complex dynamic systems, which
are highly informative, moderately complex and universal in
dimensionality of the studied space of states, were proposed.
In practice, the proposed methods can be used to calculate
and compare recurrence plots of states of the studied systems
in metric spaces of different dimensionality without additio-
nal normalizing. The functionality of the proposed methods
was verified based on experimental observations of concentra-
tions of formaldehyde, ammonia and carbon monoxide in the
atmosphere of an industrial city. It was established that at the
values of angular size of the area of 10° and 30°, the proposed
method for calculation of recurrence plots is more informa-
tive, less complex and invariant relative to dimensionality of
the space of states. It was shown that the methods for calcu-
lation of recurrence plots in space with scalar product make
it possible to use them if there are short-time intervals of the
absence of observations. It was experimentally determined
that in some cases of parameters, the results of computation
of recurrence plots based on the developed methods coincide
with the results obtained when using the known methods.
This indicates a more general nature of the proposed methods.

Keywords: recurrence plots, state vector, atmospheric
pollution, complex dynamic systems.
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Ecological-economic models (such as Leontiev-Ford)
play a special role in solving the fundamental problems of
long-term planning, taking into account the factor of envi-
ronmental management. On their basis, the task of justifying
the magnitude of the costs of environmental protection can
be implemented, considering the socio-economic effect and
their distribution in the territorial-industry context.

Based on the proposed balance model, typical generaliza-
tions («extensions») of the model are highlighted, which, in
general, increase its dimension, but do not «fall out» of the
linear class. In particular, the issues of analyzing the impact
on changes in the volume of gross sectoral issues as a result
of changes in structural industry proportions are studied,
corresponding to changes in the technological structure of
the functioning of the ecological-economic system in the
sectoral context.

In order to solve the problem, it was developed to use
the algorithms of basis matrix method, which are equipped
with the technology for determining solutions of the system
of matrix linear equations in accordance with the changes
and generalize the model. At the same time, changes may be
experienced by individual elements or a group of elements,
one or a group of rows (columns), in blocks of matrix subma-
trices. The proposed algorithms are implemented for the case
of changes in the matrix of constraints of the original system
without recalculation (again).

We considered various variants of changes in the model
and their influence on the new solution in case of «pertur-

bation» in submatrices of the constraint matrix (group of
elements forming a block) of the model. In particular, the
variant with the «inclusion («exclusion») of new blocks of
submatrices, that is an increase (or decrease) in the dimen-
sion of the original constraint matrix of mathematical model.
Such models are provided by a linear system, in particular,
a system of linear algebraic equations (SLAE).

Such an approach makes it possible to carry out direc-
tional changes in the model in order to achieve the desired
proportions of the «useful» and «harmful» component in the
production structure (as a solution to the problem).

Further development of the proposed theory makes it
possible to proceed to the study of aggregation issues of
the balance scheme <«input-output», determining a specific
corridor of permissible changes in order to achieve a target
reference point for the volume of sectoral output.

Keywords: matrix systems, international environmental
agreements, basis matrix method, matrix ecological-econo-
mic models.
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Many physical processes and phenomena in view of their
complexity cannot be described analytically. In these cases,
empirical modeling is applied. In this research, the method
based on the genetic approach is used to construct empirical
models of optimal complexity that have the form of a poly-
nomial of assigned power. Implementation of the developed
method requires a multiple solution of the system of linear
algebraic equations. Solution of the system of linear algebraic
equations is found by reducing the corresponding matrix to
the upper diagonal form with unities on the main diagonal.

Analysis of the algorithm showed that the procedure of re-
ducing the matrix to the upper diagonal form has internal
parallelism. Based on the created model of the computational
process in the form of a Petri net, the strategy of construction
of the parallel algorithm for solving the system of linear alge-
braic equations was developed. The essence of the strategy is
that computations are performed on some parallel processors.
One of them was assigned coordinating functions, and it was
named master. Other processors — slaves are subordinated to
the master. Division of computation volume is such that the
number of rows of the matrix, which master operates is at
least by unity more than the corresponding number of rows
allocated to the servant. The effectiveness of the parallel al-
gorithm for the proposed strategy was evaluated based of the
criterion of the total number of arithmetic operations. The
proposed strategy is an integral part of the process of syn-
thesis of the empirical model of optimal complexity based on
the genetic algorithms. Distribution of computational load
between processors working in parallel (master and slaves)
ensures the acceleration of the computational process by five
times or more.

Keywords: empirical model, genetic algorithm, paral-
lelism, Petri net, the number of operations.
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