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Adaptive Web-Interfaces Conception Based

on Inductive Approach
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Abstract. This paper presents principles of adaptive human-machine systems and interfaces. Presents the
constructing an adaptive interface concept using an inductive approach. These principles in this paper only describes
the task of developing an adaptive interface, but did not give its formal description based on criteria, factors and
specific information sense.

Keywords
Interface, inductive modeling, application, adaptive,

Introduction

In recent years, computer modeling and visualization tools have evolved from solving problems in a powerful
apparatus for studying various phenomena and problems. They are successfully used in industries such as systems
analysis, design automation, organization of the computational tools and computer networks.

With this, changing user requirements and to computer systems, and it raises the question of adaptive
information user interaction with the computer.

Interface organization methods

Interface - a combination of software and hardware providing the user interaction with a computer [1].

The interface can be arranged as automatic, interactive and interactive tools for user actions support:

Automatic that run the task to perform, connect it with specific data and perform some maintenance
procedures;

The dialogue, which refers to regulated information exchange between man and computer which performed in
real time and sent to a joint solution of the specific problem. Each dialogue consists of separate process I / O, which is
physically provide a link between the user and computer. The information exchange is carried out by sending the
message. In response, the user receives a prompt or help information messages to be answered, orders require actions,
error messages and other information.

Interactive. According to [1], interactivity — the ability of information and communication system actively
and diversely respond to user actions. Therefore, an interactive interface — the interface that allows on-line effectively
intervene in the simulation process to correct some program parameters for improving the particular task results, and
helps to reflect the intermediate and final calculation results in the form of both text and graphic information for
subsequent visual analysis.

Adaptive. In [2] Adaptation is defined as the process of purposeful parameters and structure system change,
which is to determine the criteria for its operation and implementation of these criteria. Mentions about adaptive
interface can be seen not only in terms of ergonomics and engineering psychology. For example, in computer science
extended the concept of "intelligent interface", the basis on adaptive properties.
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Inductive approach to construction adaptive interfaces

Problems of complex systems modeling can be solved using both the logical deductive methods and sorting-
out inductive ones. Deductive methods have advantages in the case of simple modeling tasks, if there is known the
theory of an object being modeled and therefore it is possible to build a model based on physically based principles
using knowledge of processes in an object [3-5]. But these methods can not give satisfactory results for complex
systems. In this case, an approach of knowledge extraction directly from the data based on experimental measurements
has an advantage. A priori information about the properties of such objects may be only minimal or even absent.

One of the most well-known modeling techniques devoid of problems described above is inductive modeling.

In adaptive interface task: CR = {crl yeees cr‘ CR‘} — set of criteria that will change, that is, to adapt to the user.

Fact ={fact,,..., fact IFact } —it's a lot of factors that will influence the particular criterion choice.

Based on selected factors which may affect the interface, the interface design criteria will vary. The induction
process is that the interface adaptation takes place on the specific observation data, that is, factors - to the total model,
which includes criteria set that will be changed (for example, known information about the user's age (age - factor) can
be increased size font (for old people) - the criterion.

Thus, it is possible to construct a function that describe the adaptation process.

K

@ (cr, (fact ..., fact,),.., cr, (fact,,.., fact .)) =60, +> O.cr,>. (fact,,.. fact )+

i=1 F=1
m _m k m _m k
+ Z Z Ocricr, Z (fact,,..., fact . )+ Z Z Z Oy cricrcr, Z (fact,,..., fact . ) +...
i=1 j=1 F=1 i=1 j=1 k=1 F=1
where 0 is an estimation of parameters for any partial model.

The general principle of interface adaptation mechanism includes several units: determining factors unit, which
are generated / saved user factors that may affect the interface change criteria, ie adaptation; formation criteria unit
(number of criteria for each factor can be different), the data processing unit, where the program content criteria is
processed to result in a interface change.

Conclusion

Presented in the paper concept of building an adaptive interface using an inductive approach, and interface
components of the mechanism adaptation.

In this paper only describes the principles of adaptive interface design task, but do not give its formal
description based on criteria, measurable factors and specific information sense.
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Abstract. The paper presents a research of different mutation operator effectiveness in searching-out COMBI-GA
algorithm used to find model of optimal structure quickly because of avoiding exhaustive search. The obtained
experimental results demonstrate that this algorithm performs well when solving artificial inductive modelling task.
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1 Introduction

GMDH algorithms [[1]] belong to the most effective means for solving inductive modelling problems like structur and
parametric identification, forecasting, object and processes modeling from statistical or experimental data samples
under uncertainty conditions. These algorithms include two main groups, sorting-out and iterative ones. The main
example of the first group of algorithms is combinatorial GMDH algorithm COMBI [[2]], the second is multilayer
iterative algorithm MIA GMDH of neural network type.

In the COMBI algorithm is free of main MIA GMDH drawbacks such as high probability of loss of relevant
arguments and retention of irrelevant ones. A hybrid structure of COMBI and Genetic Algorithms (GA) for over ten
years are developing by foreign scientists [[3]]. However combinatorial algorithm has a significant drawback: for
searching the best model by a given external criterion it uses exhaustive search of all possible model structures in a
given basic set of functions (e.g. polynomial) and accordingly has exponential complexity. As a result, its usage is
unreasonable for problems with more than 30 input variables. So studying the efficiency of hybridization between
COMBI and GA is relevant and promising.

Hybrid algorithm COMBI-GA [[4]] is able to largely eliminate these deficiencies using genetic algorithms to
search optimal model, which is a powerful tool of direct global search in optimization problems, have a clear structure
and easy implementation. The effectiveness of GA significantly depends on the method of coding individuals in a
population, the initial population size, genetic operators, fitness functions and stop criteria of the algorithm. Therefore,
the detailed investigation of the impact of each factor on the GA performance is an important task.

The most significant impact on the GA performance make a crossover operator, which mostly affects on a
variety of individuals in the population, and thus guarantees the solution of the problem. But often GA gets stuck in
local optima. This phenomenon usually occurs when crossover operator is poorly chosen under given specific tasks and
also when the fitness function is close to the optimum value or all simultaneously.The main mechanism of GA to solve
this problem is the mutation operator with successful selection of the intensity and probability.
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The aim of this paper is to analyze the effectiveness of two types of mutations, genetic and chromosomal ones,
and their influence on speed of COMBI-GA algorithm, depending on their level of intensity and crossover operator
probability. In the numerical experiments all other parameters of GA are fixed.

2 Algorithm COMBI-GA

A general definition of the inductive modelling problem may be done as follows. Let us given: a data set of n
observations after m input xy, X,, ..., X, and one output y variables. The GMDH task is to find a model y=f(xy,Xa,...Xn, 6)
with minimum variance of prediction error, where 6 is unknown vector of model parameters. The optimal model is f *=
arg ming C(f ), where C(f) is a given model quality criterion, @ is a set of models, fe @. This problem consists of a
discrete optimization task for finding the best model and continuous optimization task for estimation of parameters.

The two tasks are generally solved by the combinatorial algorithm COMBI GMDH in the following way:
1) transformation of the initial data according to the chosen system of basic functions;
2) generation of the complete set of all possible structures of partial models in the selected basis;
3) use LSM to estimate coefficients of each partial model;
4) calculation the selection criterion for each model;

5) successive selection best models by this criterion and choosing the model of optimal complexity with the
minimum criterion value.

General structure of the COMBI-GA algorithm. The developed algorithm [??] generates gradually an
incomplete set of most promising partial model structures using genetic principles to search for the optimal complexity
model. Generally it has structure like that:

1. Generation of a random set of partial model structures of a given size as an initial population of the COMBI-
GA.

2. Computing coefficients of every partial model using least squares method (LSM).

3. Calculation of an external criterion values (fitness function of the GA) for each model, for example, the
regularity criterion as typical for GMDH.

4. Current selection of the best partial models (elite selection in GA) or reduction—rejection of worst individuals
from the parent and offspring populations. Formation of new population of the same size.

5. Check a stopping criterion for example achieving a given accuracy or number of iterations. Stop if it is fulfilled;
otherwise go to the next step.

6. Use of genetic operators (crossover and mutation) with given probability to selected individuals in the
population and forming a set of partial model structures for next generation. Go to step 2.

3 ldeas of experiments

In numerical experiments individuls (model structures) of GA initial population is encoded by binary vectors of
structural elements 0 and 1, indicating absence or presence of a particular argument in the model respectively. As a
fitness function of each individuals we use standard GMDH external regularity criterion based on dividing the data into
two samples for training and testing: the first is used to generate the different structures of models and evaluating their
parameters, and the second to calculate the accuracy of the generated models.

According to results of crossover comparison study [[5]], we consider here two the best crossover operators —
one-point and universal [[6]] that are used to form the offspring population from selected elite individuals. The other
GA operators and parameters are fixed. The stop criterion of the hybrid algorithm is achieving given accuracy for the
difference of minimum values of the fitness function on two adjacent iterations.

To produce a new offspring by the one-point (OP) crossover, a chromosome point (area between neighboring
bits in a row) is randomly selected, the fragment of binary string from beginning of the first parent chromosome to the
point is copied, and the rest is copied from the second parent.

Universal crossover instead of crossover point uses an additional binary mask with length equal to that of the
chromosome’s set. Each offspring is formed by applying the mask to every parent with the some rule (0+0=0, 0+1=1,
1+1=0). The mask can be set randomly.

Gene mutation of an individual is the inversion of a given number of randomly selected bits of chromosome
with probability 0.2. A given number of inverted bits forms the level of mutation intensity. Also the paper deals with
next gene mutation variation: several genes are selected randomly in a chromosome, which number may be random;
only zero values of the selected genes are reversed. The chromosomal mutation is turning whole chromosome or its
fragment in 180°. The level of intensity here is the length of the fragment.

7



The 8th International Workshop on Inductive Modelling (IWIM’2016)

The research was carried out on the test task using laptop with a dual core processor (2.7 GHz). There were
artificially generated 50 input arguments by uniformly distributed random numbers generator, and only 25 of the inputs
were used as relevant ones. The task of inductive modeling using COMBI-GA is searching the true dependence on the
relevant arguments. The optimal model is searching in the class of linear functions.

3 The results of computing experiments

During the experiments it was found that mutation operator in fact make no effect on the COMBI-GA algorithm with
universal crossover operator. The optimal model was obtained for 1.4 sec.

For the one-point crossover operator, using mutations can significantly speed up the process of finding the true
model for 1.3-1.7 sec. (2.4-5.5 sec. without mutation) Choose the mutation operator and its intensity strongly depends
on the probability of crossover operator. In particular, chromosomal mutation (intensity 3 to 15) gives better result
(more stable and more accurate) with small crossover probability (0.6-0.8).

If the probability of crossover operator is high (0.8-1), it is better to use gene mutation with a few inverted
positions (<10). This provides a better diversity and quick finding the optimal model.

Corresponding results are shown in Fig. 1 and Fig. 2. The pair of modified gene mutation and one-point
crossover gives best COMBI-GA effectiveness. Fig. 3 shows mutations influence on the convergence of the COMBI-
GA algorithm.
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4 Conclusion

The use of GA is very effective to search true model in sorting-out GMDH algorithms for solving inductive modelling
tasks with large number of input variables (much more than 30) during really small time.

A mutation operator is able to accelerate calculating speed of the algorithm depending on the kind of task,
crossover operator and its probability. The best way to accelerate is to use the new bioinspired gene mutation operator,
which is less dependent on crossover probability and has good influence on effectivenes of the COMBI-GA algorithm.

In the future, it would be reasonable theoretically substantiate the results obtained in practice when solving
inductive modelling tasks using the COMBI-GA algorithm.

References

[1] UBaxuenko A.I'., Cremamko B.C. ITomexoycToitunBocth MoaenupoBanus. — Kues: Hayk. mymka. (1985). 216

[2] Cremauxo B.C. KombunaTtopHslii anroputm MI'Y A ¢ onTHManbHON cxeMoii iepedopa Momeneil. ABTOMaTHKa.
Ne 3 (1981). C. 31-36.

[3] Mopo3s O.I'., Crenamiko B.C. Ormsin ribpunaux ctpykryp MI'Y A-nogiOHUX HEHPOHHUX MEPEX Ta TCHETHYHHX
anropuT™is. 36ipHUK HayKoBHX Tpaip “[HIyKTHBHE MOIeTOBaHHs ckiaauux cuctem. Bumyck 7. (2015). C. 173-

191.

[4] Mopos O.I',, Crenamko B.C. IlepeGipuuii anroputv MI'VA 3 reHETHYHHMM MONIYKOM MOZET ONTHMAIbHOT
cKkIagHOCTI. MikKHapogHa HaykoBa KOH(QeEpeHINs «lHTelneKkTyalbHi CHCTEeMH NPUHHATTA pIilleHb 1 TpoOieMu
00YHCITIOBAIBHOTO iHTENEeKTY». 30ipHUK MatepiamiB. (3amizumit [Topt, 26-30 tpams 2016). Xepcon: Buam-so IIII
Bumemupcrkwuii B.C. (2016). C. 297-299.

[5] Mopo3 O.I" TlopiBHsIHHS eEKTUBHOCTI OMEPATOPIB KPOCHHIOBEPY MPHU 3aCTOCYBAHHI T'€HETUYHOTO MOIIYKY
Kpamux mMozenei B mepedipaomy anroputmi MI'YA. VI Beeykpaincpka mikoiia-ceMiHap MOJOAWX BUCHUX 1 CTYICHTIB
«CyuacHi komm’totepHi iH(popmaniiini TexHosorii» (ACIT-2016). 36ipHuk matepianiB. TepHoninb: Bun-so THEY.
(2016). C. 77-79.

[6] Imanxos JLA., Kypeiiunk B.B., Kypeitunmk B.M. I'enernueckue aimropurms. Mocksa.: @PM3MATIIUT.
(2006). 320c.



The 8th International Workshop on Inductive Modelling (IWIM’2016)

To the Issue of Econometric Modeling
In Fish-Farming Technologies

V.V. Osypenko, V.P. Osypenko, *V.I. Lytvynenko

'Dr. Sc. in Engineering, As. Prof., National University of Life and Environmental Sciences of Ukraine
vwo7@ukr.net
%PhD in Biology, Senior Research Fellow, Institute of Hydrobiology of National Academy of Sciences of Ukraine
vosypenko@ukr.net
*Dr. Sc. in Engineering, Prof., Kherson National Technical University
immun56@gmail.com

Abstract. The subject of this article refers to the direction of intelligent computer-integrated technologies and decision
support systems for the optimal control of fish-breeding technological processes, created on the basis of modern
information technology with the use of basic principles of inductive modeling techniques and application of systems
analysis as well. Given the system predictive econometric model, that links the predictive integrated efficiency of
aquaculture with other relevant indicators on all fisheries technological cycle after stocking of ponds to the realization
of fish.

Keywords

econometric modeling, fish-farming, inductive
modeling, aquaculture, indicators

From the available literature sources, it is known that intensive technologies of industrial cultivation of aquatic
living resources (ALR), including fish — is a system combination of manufacturing operations, methods and techniques
focused on maximum utilization of the physiological properties of fish under the given climatic conditions throughout
the vegetation period of its development. Such technologies are above all things aimed at the efficient use of water
biological resources as well as the most cultivated ALR during of the entire ontogenesis at the expressed astatic of
variety of environmental factors [1]. Apparently, the production in this case is clearly prevails over issues of economic
type.

On the other hand, purely economic benefits should not prevail over the protection of the natural environment,
compliance of the hydro-chemical and hydro-biological indicators in optimal water, that is, comfortable ranges of
parameters for ALR.

From the standpoint of system-economical production of ALR, it is necessary conditions of productivity in
open continental waters, is not only compliance with specific technologies aquaculture. To such technologies is
important to enroll sanitation, integrated land reclamation of “water-bed” [1, 2] and so on.

A particular direction of optimal maintaining of water exchange is the modern automated process control
systems (APCS). One of the priority tasks that should be resolved within the APCS is support of both hydro-chemical
and hydro-biological indicators in optimal, that is comfortable range of water indicators, such as aquatic living
resources in fattening ponds [3, 4].

A special place in cost price of modern intensive aquaculture technologies, including industrial fish-farming in
open water, is the most costly part - feeding of fish and costly balanced feed. Therefore, the intensification of
technology is important and relevant.

The main system criterion in the outlined direction of research, in our opinion, it would serve the some
economic prototype that would to maximize the income (profitability) from the sale of live fish and fish-products,
provided at the same time the undeniable compliance with its high quality at the moment of the maximum peak of
selling.

It is clear that the problem, which has been put here, should include the tasks of system marketing as a subset
of a more general class of system information-analytical research (SIAR) [5, 6].

Hence, from the foregoing, logically faces the task of system econometric forecasting of growing aquatic
biological resources profitability at the moment of their future realization under current real or in some way given
conditions. In this case, it is clear that besides biological and other parameters it would be worth still involve certain
other factors that are described in the available literature.

Therefore, without claiming for completeness and highest relevance, the primary basis for further information
and econometric studies in this direction would look like follow.

10
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I. The natural indicators:

yield of larvae or fry of fish from one female;

planting fish density per one hectare of pond of all age categories;

mass ratio grown fish to planted for growing;

average weight of fish been grown of all age categories;

yield from wintering yearling fish and older age groups;

gross production of fish;

fish productivity of fattening ponds and other water bodies in fish farm;
the fish production per employee;

natural food base of fish: phytoplankton and zooplankton, zoobenthos;
the industrial returning of fish when of fish stocking of natural water bodies.

I1. Current values of economic indicators:

the specific cost of fixed assets in 1 quintal of marketable fish;

unit cost of growing in 1 quintal of marketable fish without feed;

the share the cost of feed on 1 quintal of cultivation of marketable fish;
current prime price of 1 quintal of marketable fish;

current cash sales revenue of possible of fish mass (options);

the current selling price of 1 quintal of marketable fish;

current a net profit from the sale of fish including taxes;

current profitability of fish farming and fisheries;

current breeding efficiency.

I11. The predicted value of economic indicators at the moment of future product sales:
the forecasted cost of fixed assets in 1 quintal marketable fish;

the forecasted specific cost of growing on 1 quintal marketable fish without of feed,;
the forecasted specific cost of feed on 1 quintal of cultivation of marketable fish;
forecasted prime price of 1 quintal of marketable fish;

forecasted selling price of 1 quintal of marketable fish;

reasonable forecasted sales volume;

forecasted a net profit from the sale of fish including taxes;

forecasted profitability of fish farming;

forecasted sales revenue of possible of fish mass (options);

forecasted breeding efficiency.

IV. The current factors of environmental conditions of water biological resources:
chromaticity of water and water clarity;

dissolved oxygen, mg/ L;

pH value of water;

alkalinity, mg eq. / L;

the total salinity and others.

erence

Baltadzhi R.A. Technology reproduction of herbivorous fish in inland waters of Ukraine / R.A. Baltadzhi //. Kiev.
1996. — 65 p. [ukr]

Andryushchenko A.l. Aquaculture artificial reservoirs. Part 1. Industrial aguaculture / A.l. Andryushchenko, N.I.
Vovk. — K .: NUBIP, 2014. — 586p. [ukr]

Osypenko V. P. Seasonal and spatial changes in the content and molekular mass distribution of carbohydrates in
the surface water. Hydrobiological Journal. — 2014 — V. 50, Ne 5 — P. 89-98.

Vasylchuk T.A., Osypenko V.P., Yevtukh T.V. The peculiarities of the migration and distribution of main groups
of organic matter in the water of the Kyiv reservoir depending on the oxygen regime. Hydrobiological Journal. —
2011.— Vol. 47, Ne 2. — P. 97-106. [ukr]

Osypenko V.V. Intelligent systems for optimum control of fish-farming technologies on continental waters. Part I.
Methodological Aspects / V.V. Osypenko // Fish industry of Ukraine. 2006. — Ne2. — S.43-52. — 2006. — Ne2. —
P.43-52. [ukr].

Osypenko V.V. The concept of information-analytical decision support systems in intensive aquaculture
technologies / V. Osypenko // Scientific and methodical journal behalf of Petro Mohyla complex "Kyiv-Mohyla
Academy" — Mykolaiv, 2012. — Vol. 173, N0.163 — P. 67-73. [ukr]

11



The 8th International Workshop on Inductive Modelling (IWIM’2016)

Application of GMDH for Modelling of Influence
of Different Factors on Chlorophyll Concentration
in Phytoplankton in Kakhovka Reservoir

Halyna Pidnebesna’, Alevtyna Kureyshevych?

! International Research and Training Center of Information Technologies and Systems, Kyiv, Ukraine

2 Institute of Hydrobiology, Kyiv, Ukraine
pidnebesna@ukr.net, alischuk@rambler.ru

Abstract. This paper studies the influence of various natural and anthropogenic factors on the chlorophyll
concentration, which is the main photosynthetic pigment of phytoplankton. The study was conducted using GMDH of
Kakhovka reservoir data.
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Introduction

Studying of the aquatic ecosystems and forming the biological productivity and water quality in the increasingly
eutrophication and pollution is an important task of modern ecology.

High level of anthropogenic load on water bodies in Ukraine is conditioned by high population density, the
influence of industry, agriculture, and ineffective system of sewage entering the reservoir. In this connection, it is
necessary to ascertain the response of planktonic algae to environmental changes. Study of the fundamental basis of
phytoplankton forming and global impact of environmental factors on this process in terms of anthropogenic impact are
important for the development of the theory of biological productivity of reservoirs, scientifically based management
functioning ecosystems and predicting water quality.

This paper studies the influence of various natural and anthropogenic factors on the chlorophyll concentration -
the main photosynthetic pigment of phytoplankton, which is a measure of the intensity of its vegetation and the level of
primary production. The study was conducted by analyzing of long-term data Kakhovka reservoir using the
combinatorial GMDH algorithm.

Description of research

The reaction of planktonic algae on the influence of natural and anthropogenic factors can be studied using the
concentration of chlorophyll a. Chlorophyll a is the main photosynthetic pigment of phytoplankton. It is a measure of
the level of phytoplankton vegetation and primary products. The ecological status of the water bodies and biomass of
planktonic algae can be assessed by the concentration of the chlorophyll per unit volume of water.

Mentioned concentration of chlorophyll depends on many factors such as hydrological and meteorological
conditions of light and temperature, season, time of day, the species of algae, their supply of nutrients, physiological
state populations. [1]

In the Dnieper reservoirs in summer the direct dependence is observed between long-term dynamics of average
chlorophyll concentration and phytoplankton biomass. This dependence appears the most in the largest reservoirs of the
Dnieper regulating its flow, particularly in Kiev, Kremenchug and Kakhovka.

In this work we fitted the linear model of the chlorophyll concentration. It includes the following factors:
X; — total amount of the dissolved inorganic nitrogen, mg N / I (factor 1);

X, — dissolved inorganic phosphorus P mg / | (factor 2);

x3— N/P — the ratio of nitrogen to phosphorus, the relative unit (factor 3);
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X4 — water temperature, t ° C (factor 4);
X5 — the volume of water flow, M*<109 / month (factor 5);
Xg — total solar radiation, MJ / m? x month (factor 6).

Description of the study

The Combinatorial GMDH algorithm was used to build the process models. Models were constructed using
different numbers of factors (from 1 to 6) based on the data from the years 1980-93 [2]. We selected the most
appropriate model according to the regularity criterion AR for each data division options. We studied three options for
division of the sample on learning set X, and testing set Xg:

e 7/6 — the learning set X, contains 7 data points for 1980-1986 years, testing set Xg contains 6 data
points from 1987 to 1993 years,

e 8/5 - the learning set X, contains 8 data points for 1980-1987 years, testing set Xg contains 5 data
points from 1988 to 1993 years,

e 9/4 — the learning set X, contains 9 data points for 1980-1988 years, testing set Xg contains 4 data
points from 1989 to 1993 years,

Data point means all measured data in August of each year.

We selected three best models as the result of modelling. These models are presented in Table 1:

Table 1.
The model The regularity The coefficient of
criterion multiple correlation R
y; = 21.59x, 15,46 0,6751
y, = 18.23%; + 96.25x; 13,37 0,7417
ys = 16.1%; + 0.81x, — 1.56Xs — 25,23 0,8212
0.002X6

The value of the coefficient of multiple correlation suggests a strong relationship between inputs and
independent variable.

Conclusion

The analysis of the obtained results showed that all chosen models include variable x1 - mineral form of
nitrogen. So, the most important factor of influence to the content of chlorophyll in phytoplankton Kakhovka reservoir
in summer is the variable x1. Phosphorus is growing faster than nitrogen in the water, that is the reason why nitrogen is
a factor which is limiting the development of phytoplankton. It was observed in the Kakhovka reservoir in the 1980-90
biennium.

For Kakhovka reservoir using the model with four factors, y=f(x1, x4, x5, x6) is completely sufficient.

The model includes the following factors:

e the concentration of nitrogen in the water,

e the ratio of the concentrations of nitrogen and phosphorus (N / P),
o the flow of water through the turbines of hydropower

o total solar radiation, respectively.

These results were obtained for Kakhovka reservoir, the current sampling statistics, and summer season, which
is characterized by an intense "bloom" of blue-green algae water.

References

[6] Kureyshevych A.V., Pidnebesna H.A., Stepashko V.S. Analysis of dependence of chlorophyll in
phytoplankton of Kakhovka reservoir on combined factors by of multiple regression. // Inductive modelling of
complex system. — K.: IRTC ITS, 2015, # 7. — P. 147-153.

[7] Pidnebesna H.A., Kureyshevych A.V. Application of GMDH to model the impact of various factors on the
content of chlorophyll in phytoplankton Kakhovka reservoir. // Preceedings of ISDMCI-2016. Kherson . — P.
303-305.

13



The 8th International Workshop on Inductive Modelling (IWIM’2016)

Study of the Deterministic Component
of the Solution Error of Discrete I1l1-Posed Problems
for Truncated Singular Value Decomposition
and Random Projection Methods

Elena G. Revunova

Dept. of Neural Information Processing Technologies, International Research and Training Centre for Information
Technologies and Systems, prospect Academica Glushkova 40, Kiev, Ukraine

helab@i.com.ua

Abstract. We have shown that the deterministic component of error obtained by the random projection method can be
represented as the sum of the deterministic component of error obtained by the truncated singular value decomposition
method and another term.

Keywords

ill-posed inverse problems, truncated singular value decomposition, random projection.

1 Introduction

Discrete ill-posed problems (DIP) often occur when signals are reconstructed based on the results of indirect
measurements [1, 2, 3]. The stable solution of DIP can be obtained, for example, by truncated singular value
decomposition (SVD) [4, 5, 6, 7] or random projection [8, 9, 10, 11] methods.

The studying of the solution error for these methods is actual. In this paper we have taken steps to study the
connection of the deterministic component of the solution error obtained by the truncated singular value decomposition
and the random projection methods.

2 Solving of DIP using the methods of truncated singular value decomposition
and random projection

The problem of estimating a signal vector X € R" for the model y = AX + &, where we know the matrix A € R"™™"

and the vector of measurements y € R" (y =y, + &), if the singular values of the matrix A gradually decrease to
zero, belongs to the class of discrete ill-posed problems [7].

Stable solution of DIP can be obtained by using the truncated singular value decomposition [4, 5, 6, 7] or the

random projection method [8, 9, 10, 11]. The vector of estimation X" based on truncated singular value decomposition
is obtained by the following linear model [6]:

k
* _ -1..T
XkSVD_ZViSi uy, 1)
-

where U, € R" are left singular vectors, v, € R" are right singular vectors and s, are singular values of the matrix

k n
A . Notethat A=A, +A , where A, =ZuisiviT, A = ZUiSiViT-

i=1 i=k+1
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For the solution based on random projection both sides of the given equation are multiplied by a matrix
G, € R G,Ax =G, Yy, and then the estimation vector X" is obtained by the following linear model [8]:

k
X = 2.hgaly, 0
i=1

where g, € R" is a column of the matrix G, =[g,,..,9,], G, € K", elements of this matrix are realizations of

a standard Gaussian random variable; h, € R" is a column of the matrix G kAj =[h;,...,h,].

* 2 - -
The expected squared error of the x recovery is calculated as e(k) = E{HX =X, | }, where E{} is expectation

with respect to noise in the vector of measurements y and x; is the recovered signal vector obtained by (1) or (2) with
y obtained by some noise realization.

The expected squared error for the truncated SVD obtained in [4, 5] is

2
eqn (K) = |(ALA, = 1)x| +otrace (A["A}) 3)

and its components are
+ 2 + +
€svp o (K) = H(AkAk - I)XH and e, (k) =o’trace (A, A}), 4)

where €, , is the deterministic component of the error and e, . is the stochastic component.

S

The expected squared error for the random projection method obtained in [8] is

es (k) =[(B;B, - |)xH2 +o’trace (B, 'B;), B, = (G,A) € R*", (5)

and its components are

2
€4 (K) = H(BIBk - I)XH , €. (k) =oc’trace (B; 'B;). (6)

Numerous experimental studies [8, 9] of the dependence of expected squared error estimation on the number k of
model components for the truncated SVD and for the random projection methods showed closeness of these
dependencies.

In this paper we study closeness of e, 4 (K) and e 4 (k) analytically.

3 The study of deterministic component of error for the truncated singular value
decomposition and for the random projection methods

Let us study the connection between the deterministic component of error for the truncated SVD and for the random
projection methods. B, can be represented as the sum: B, =G, A =G, A, + G, A . We consider G, A as the
disturbance of the matrix G, A, and represent B; by the Stewart formula [12]:

B, =C, +(G,A)'P,(1-C,C;)+(G,A)'PE,D,C;, -R,D,C; (7)

where C, =G,A,, E, =G,A,,D,=C/C,,R; =1-(G,A)'G,A.

Taking into account that C,C, =1,, P, =G,A(G,A)" =1, E,.C, =0, (1-C,C,) =0, where O is
a zero matrix, we obtain the following equation
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B, =C, -R,C;. (8)

Using (8) and taking into account that B, = C, + E, , the expression for the deterministic error component can be
written as:

+ 2 + L~+ 2 + L ~+ 2
eca ()= (B;B, ~1)x| =[«Ci —RyCB, ~DxX| =|(CiB, ~1)x-R;C;Bx| .
+ + 2 + + 2
eca (k)= H(Ck(ck +E) - Dx— RlekBkXH = H(Dk +CE —Dx - RlekBkXH - ()
Using the SVD of A, , the D, matrix can be represented as
C,C,=(G,A,)'G,A, =(G,US,V,)'GA, =(5,V,) (G U,)'GU,SV, . (10)
Since (G,U,)"G U, =1,

D, = (SkV:)+Sle<T :A:Ak' (11)

Note that after (10, 11), the matrix G, (with the elements that are realizations of a standard Gaussian random variable)

is not used in the representation of D, . This allows us to represent the deterministic error component of the random
projection method as a sum including the deterministic error component of the truncated SVD method:

ec s (K) = [(ATA, —1)x+ C;E,x~R/C;B,x| . (12)

2 2
eca () =(A;A, —D)X| +|CiEXx-RiCIBX| +2((A;A, ~1)X,C{E,x~RCB,X). (13)
€c ¢ (K) = egyp 4 (K) +2(K); (14)

2
where z(k) = HCZEKX - RtC:BkXH + 2<(AIAk —1)x,C,E, X~ R;C;ka> . The expression (14) provides
a background for studying the value of the difference |eg , (K) —€q 4 (K) |, for example, by estimating the upper

bound of z(k) . Figures 1-4 show the examples of dependencies of e, , (k) and e, (k) for the Phillips, Delves,
Carasso and Baart problems [13].

1.E+01 1.E+00
1.E+00 ——¢e_SVD_d
1E-01 | 1e01 &
1.E-02 |
1.E-03 |
1.E-02 |
1.E-04 |
1.E-05 |
1E-06 1.E-03 |
1.E-07 | K
1 5 9 13 17 21 25 29 33 37 1 5 9 13 17 21 25 29 33 37
Fig.1. Dependencies of e, 4 (k) and e 4 (k) for Fig.2. Dependencies of e, 4 (k) and eg 4 (k)
the Phillips problem for the Delves problem
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1.E+01 1.E+00
1.E+00 |
1.E-01 |
1.E-01 |
1.E-02 | 1.E-02 |
1.E-03 |
1.E-03 |
1.E-04 |
1.E-05 1.E-04
1 4 7 10 13 16 19 22 25 28 31 34 37 1 5 9 13 17 21 25 29 33 37
Fig.3. Dependencies of €4, 4 (k) and eg 4 (k) for Fig.4. Dependencies of €, 4 (K) and eg 4 (k)
the Carasso problem for the Baart problem

4 Conclusion

In the previous papers we experimentally investigated the dependence of the mean squared error of signal recovery on
the number k of components in the linear model that represents the solution vector, for both the truncated singular

value decomposition and the random projection methods. The experiments had shown that the dependences are close
and motivated the analytical investigation of the reasons for such a closeness started in this paper.

We have shown that the deterministic component of error obtained by the random projection method can be
represented as the sum of the deterministic component of error obtained by the truncated singular value decomposition
method and another term. The direction of further analytical study is to get an upper bound for the additive term.
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1. Introduction

Macroeconomic data often contain uncertainties; also they can be fuzzy and noisy. Inductive approach is one
of the approaches that give possibility to receive acceptable results on small data samples in case of presence of noise
and uncertainty in data.

This approach helps to solve problems of data analysis, modeling and forecasting. Inductive modeling is based
on principles of induction, i.e. general conclusion relying on some facts. The group method of data handling (GMDH) is
one of the main methods of inductive modeling. Combinatorial GMDH algorithm is the most popular among them. It
doesn’t demand the convergence proof because it completely looks through all possible variations of models. This
algorithm solves a problem of structural-parametric identification, i.e. it gives a possibility to define not only the
parameters of a model, but its optimal structure too.

The aim of this report is to outline the methods of solving the problems of human development index data
analysis, modeling and forecasting based on the combinatorial GMDH algorithm and correlation-regression analysis.
These methods help to improve the decision-making process in the field of the social and economic development of
Ukraine both on the regional level and to compare the country with other nations. They also help to estimate the
situation in the field of the human potential development both in Ukraine and in the world as a whole.

2. Human development index

The rapid development of scientific and technological progress demands a new quality of human resources.
Structural changes in economics became the basis for appearance of the contemporary concept of human development.

The general model for analysis of investments in human capital is based on the assessment of the expediency
to invest in education, on the analysis of differences in income, and also on the demand for education services. This
theory develops within the framework of the neoclassical trend in economical theory. Also it is used to explore such
fields as education, health care, family relations and other fields of non-market activity. The human capital consists of
acquired knowledge, skills, motivation and energy that a human being possesses, and which can be used during a
certain period of time with the purpose to produce goods and services.

The human capital is a form of capital because it is a source of future income. At the same time it is an
aggregate of knowledge, skills, habits, strains of a man [1]. The human capital is included into the category of capital
for three reasons:

1) expenses for upbringing, education and training are real expenses;
2) the product of this work increases the national wealth:
3) the expenses incurred by a person that increase this product also will increase the national value.

The advocates of the human capital theory developed the quantitative methods to analyze the efficiency of
investments in human capital. Education, medical care, job coaching, migration, giving birth to children and taking care
of them, and their monetary return to their family and society are the factors of the human capital reproduction. Mainly
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these researches focus on human abilities and differences in income caused by different levels of investments in their
reproduction. The quantitative result of these researches is the human development index (HDI).

HDI includes three main components of human life: life span, knowledge and the basic income to provide
people with good standards of living. Life span and knowledge provide the process of giving the opportunities for
people, their abilities; the income is a way to measure how people put into practice their abilities [2].

The values for all three components of HDI are aggregated in one composite index with help of the
geometrical mean. HDI promotes to visual comparison of how different countries function.

3. The methods of human development index data analysis, modeling and
forecasting

The development of these methods began from solving the applied problems of modeling and searching for the
interdependencies in data [3-6].

The methods of solving of these problems were generalized; and the methods of human development index
data analysis, modeling and forecasting were developed on its basis. The scheme of these methods is shown on the Fig.
1.

A data sample contains data about human development factors for countries or for a chosen region.

Recovery of omissions in data. There are many various ways how to recover omitted data. These ways
depend on a form of this omission and the availability of sufficient information for its recovery. In the proposed
methods the combinatorial GMDH algorithm is used to recover omissions.

In order to recover every omission its own data sample is composed and its own model is built because as
many models should be built as there are omissions in data.

Data scaling. Taking into consideration that usually data are measured in different units and ranges, the
procedure of data normalization or scaling is applied in order to bring data together in the same format. For that the
values of every factor is divided on maximum value of this factor.

Data sample expansion. With the purpose of the possible increasing of a model’s accuracy the method of data
sample extension by introducing of new additional factors into it is used. These new factors can be products, sums, and
other functions of initial factors [7].

Data analysis. This block includes two ways of analysis — with help of correlation analysis and GMDH.
Correlation analysis is used to analyze the extent of impact of every factor on the output value and to select the
informative factors. It is made by computing the pair correlation coefficient between a factor and an output value. One
can come to conclusion about the dependencies in data using the combinatorial GMDH algorithm for data analysis. It is
possible based on the developed models to analyze what factors were included in the model and with what coefficients.

Model construction is carried out by two methods:

1) Regression models are built. The coefficients are determined with help of the least-squares
method. And the model structure is given;

2) Models are developed with help of the combinatorial GMDH algorithm with the adjusted exterior
criteria. At the same time not only the parameters of the model are defined but its whole structure.

Depending on what of exterior criteria is given as the main criterion for the model selection the models with

different characteristics can be obtained. The exterior regularity criterion AR is the main exterior criterion which is
responsible for the model accuracy. The unbiasedness criterion is the criterion that describes the condition that the best
models obtained on different parts of the sample should have minimum differences. In the GMDH theory there are the

unbiasedness criteria of solutions CB and errors BS [8].

Comparison of models on the independent sample. The obtained models are compared on a some
independent (examination) data sample that wasn’t used to obtain them. The results of the research confirm the well
known in the field of inductive modeling fact that regression models give a good result only on the data on which they
were obtained unlike the GMDH models that give rather good results on new data too.

Analysis of received models and elaboration of recommendations. The models are analyzed from the point
of view of both received parameters — how every of the parameters included into the model affects a given output value
(the value of the coefficient with it and its sign (plus or minus) — and the accuracy of a model. Also one can analyze
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how the change of one or several parameters (their increase or decrease) will influence on the output value (by how
many percent this output value will change).

Based on the analysis of models the recommendations about interrelations among parameters can be elaborated
for the specialists in this field. On the grounds of the analysis of model coefficients and their signs (plus or minus) the
contribution that every factor makes into the output value can be evaluated.

Choosing of human
development factors

A

Recovery of omissions
in data

A 4
Normalization (scaling) of data

Expansion of a data sample by adding
new factors

I CorrelatIon GMDH
i analysis

DATA ANALYSIS

Forecast

analysis

I

I

—V |
Regression GMDH I
I

I

Comparison of models on
the independent sample C

A 4

Analysis of received models and
elaboration of recommendations

Puc.1. The flow-block of solution for the problem of data analysis, modeling and forecasting
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Summary

Based on the inductive approach and correlation and regression analysis taking into consideration particular
features of the problems of research in the field of the human development level of countries of the world and regions of
Ukraine the methods of data analysis, modeling and forecasting were developed. Using this method one can solve the
problems to recover omitted data, to select the informative arguments, to build the models for identification and
forecasting, and also to extend the modeling space by adding new arguments, for example, the products and sums of
initial arguments.

On the basis of this method the policy-makers in the social and economic field can develop recommendations
to possibly correct some aspects of human development. It will give opportunity to improve the decision-making
process in this field.
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Abstract. The paper considers the problem of estimating the parameters of a first-order nonlinear differential
equation describing the dynamics of a separate sector of the economy (Solow model). Since the parameters are
included in the equation nonlinearly, an approach is proposed that allows one to gradually estimate some of them on
the basis of statistical data, and at each stage the problem turns out to be linear.
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5 Single-sector model of economic dynamics
In this model, the state of a separate (autonomous) sector of the economy is typically characterized by 5 variables
[1]:
Y —the volume of the final product fully used in the sector;
C - volume of consumption fund (gross non-production expenses);
S —volume of saving fund (gross expenses for development);
L — volume of labor resources (labor);
K — volume of fixed assets (capital).
Resources K and L are fully used, then ¥ = F(K, L) is the production function.
The product goes to consumption and saving (non-production and production expenses): ¥ =C +S .
These components are fixed:S=sY, 0<s<1  s=const is unchanged rate of saving. Obviously, S =sF(K,L),
and accordingly C = (1-s)Y .
Gross saving S is spent on net capital gain K and on the recovery fund #K of outgoing fixed assets, so
S=K+uK, 0<u<1, u=const —rate of deductions for amortization.

Dynamics of labor resources is described by typical Malthusian growth model): L=gL, where g =const is growth
rate of labor.

These are the main assumptions of the Solow model. Everything is determined here by the dynamics of the volume of

fixed assets (capital) K , in addition to labor resources. Therefore, it is necessary to get the equation for the dynamics of
capital gains per unit of labor, for which all values are normalized per unit of labor.

In this case, we use the fact that the production function is homogeneous: F(4K, AL)=A1F(K,L). Entering values

K . . Y . . . . .
= T as capital-labor ratio and y = T as output per capita (labor productivity), we obtain that the production function
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. . K A - . .
will depend on one variable: y = F(r,l): f(k), so this is the dependence of labor productivity on capital assets.
Function f (k) is a strictly monotonously growing and concave (with an increase in capital, the growth rate of product
volume is slowing down).

With this in mind, an equation for the dynamics of capital ratio is derived, that is, the basic equation of the model of
economic dynamics is obtained in the following form:

k=sf(k)—(u+g)k, k(0)=k,. (1)
This is a nonlinear model; evidently that the strictly monotonically increasing over k and concave function sf (k)

intersects the linear function (x+q)k at some pointk”, so whensf (k) = (u + g)k , this model has a stationary mode

that meets the condition k =0 .

It is obvious that the stationary solution of this model depends on the parameters of the equation, the initial conditions,
and also on the specific variant of the production function. As a rule, the most known Cobb-Douglas production
function isused: Y = F (K, L)=aK“L*®, 0<a <1, where « is the share of capital in the product, 1-« the share
of labor, a — coefficient characterizing the level of development of a particular economy.

Then the normalized Cobb-Douglas function takes the form f (k) = ak” , that is, the basic model of economic dynamics
becomes a nonlinear differential equation of the first order:

k=sak“—(u+q)k | k. 2

From that, it is easy to analytically determine a stationary solution k*= 1—a/ A
H+Q

As one can see, the parameters s, a, «, #, g are included in the equation in a nonlinear way, which complicates the task
of evaluating them for specific conditions. It should be noted that a model of this type can be applied to a separate
enterprise, an economic sector or a country economy as a whole [2].

Before proceeding to the problem of estimating the parameters of equation (2), let us consider what variants of solutions
such a model can have.

6 Typical solutions of the Solow model

Since equation (2) has a stationary point k* (which is determined by the specific given values of its parameters), all
its solutions with any initial conditions are approaching that point. To determine the nature of possible solutions of this
nonlinear equation we use the WolframMathematica system.

Let the following values of the equation parameters be given (2): s=0.6,a=2.5a=0.5, #=g=0.1. Using the
NDSolve function, we find numerical solutions k(t) of such an equation under different initial conditions.

It is found that this equation has three typical variants of solutions, which correspond, for example, to the value of initial
conditions: k, =1 (logistic function of time); k, =30 (growing exponent); k, =90 (declining exponent). Appropriate
solutions are shown on the graph fig. 1.
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Fig. 1

7 Estimation of parameters of the model

Consider now the problem inverse to the previous one: let a discrete set of n numerical values k(t) be given from

the solution of equation (2), obtained numerically for a certain value of the initial condition; it is necessary to find such
values of the equation parameters that correspond to this given solution. This is the task of identifying the parameters of
the model (2). Note that the choice of a particular graph does not matter, because they are all received for one set of
parameters.

So let as have a discrete set of values k(t) =k, with a certain step on time, in the simplest case At=1: t=1,2,...,n. This

set corresponds to some difference approximation of equation (2); for example, assuming that k't ~ k4, — Kk, we obtain
the following difference equation:

Keg =sak{ +@L—-u—g)k,, t=1,2,...,n. 3)

Entering the notation ¢, =sa,c,=1-u—g,v, =k, vy =k, W, =k,,;, We get a linear dependence
W, = CVy, +CyoVy, t=1,2,...,n, generally applicable for applying the least squares method (LSM) for the evaluation of
generalized intermediate parameters c, and c, . But parameters s,a, @ are included in the equation in a nonlinear way,
and u, g are components of one coefficient c, . Therefore, it is impossible to apply here the LSM directly.

However, if we take into account that in practical problems of modeling of real economic processes we can obtain
statistics on time-varying quantities Y, K,, L;, t=12,...,n, we can offer a sequential evaluation of unknown

parameters in three stages:

1. Based on the difference approximation of the equation for dynamics of growth of labor resources L=gL , get an
estimate of the parameter g by LSM; let us consider it given from now, i.e. g =0.1.

2. Calculating the normalized values for labor productivity y; and capital ratio k; , based on n values of normalized
production function vy, = ak; determine the parameters a and « . To do this, we first find the logarithm of this

function:

Iny, =Ina+alnk, .
Entering these symbols: b, =Ina, b, =, x;, =1, X,, =Ink,, z, =Iny, , we can apply the standard LSM program
LeastSquares for estimating unknown parameters of the linear dependence z, = b, x,, +b,x,, . In particular, using the

values k, obtained after the solution of equation (2) with n=10, one can calculate the value y; and round-off them up

to two decimal points (if this is not done, the result of further calculations will obviously be the exact given values a
and a).

Then we use the obtained values of vectors
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z=(ny,,...lny)" % =G .. 0", x, =(nkg, ...,Ink,)"

as the input for the LeastSquares function. As a result of the calculations, we obtain the following coefficients:
b, =0,91616 i b, =0,500027 , then the required parameters are: b, =2,4997 ~ 2,5, and the
index of the exponent of production function (the share of capital in the product) « =0,500027 ~ 0,5 . Consequently, we
have obtained sufficiently precise results of the evaluation of parameters a and «.

3. Knowing the parameter «, on the basis of the difference approximation (3) of equation (2) it is possible to form data
for the evaluation of the intermediate parameters of the algebraic equation w, = c;v, +¢,v,, t =1,2,...,n, according to
(3). For this, given n = 10 values of the variable k, , we first form the vector of the dependent variable w , then the
vector of the second independent variable v, and, finally, we calculate the vector of the first independent variable v; .

4. Let us use thus obtained values of these vectors
y = (k21k3"" ’kn)T ’ Vl = (klalkZa"" 'kr?—l)T ' V2 = (kl L ’knfl)T 1

each of which has a length | = n — 1, as input to the LeastSquares function. As a result of the calculations, we obtain the
following values of the coefficients of the algebraic equation w, = c,v;, +c,v,, : ¢, =1,6501 and b, = 0,7633 .

Obviously, the required parameters of equation (2) are now calculated as s=

1
a L
#=1-c,—g , where o« and g are known; as a result, we obtain the following values of estimates for these
parameters: s = 0,6601; « =0,167 . The inaccuracy of these estimates is due to the too large step of the difference

approximation, which is equal to 1.

8 Conclusion

The problem of estimating the parameters of a nonlinear differential equation that describes the dynamics of an
autonomous economic sector (Solow model) is considered in the paper. Because five unknown parameters s, a, «, 1, g

of this model are included in the equation in a nonlinear way, an approach is proposed that allows to estimate them
according to statistical data in three phases: first, the growth rate of labor resources g from the corresponding equation
of dynamics, then parameters a (level of development of a particular economy) and « (the share of capital in the
product) from the normalized production function, and, finally, the rate of saving and the rate of amortization # from
the equation of capital change dynamics (2). It is important that at each stage the task is linear, and this allows applying
a standard LSM program.

The efficiency of the proposed approach is shown in the test case, when the parameters included in the model (2) were
given in advance and used to obtain its solution and appropriate data sample. Both for solving the equation (2) (direct
problem) and estimating its parameters (inverse problem), the Wolfram Mathematica system was used.

The described approach can be used to identify a model of this type based on statistical data on the functioning of a
particular enterprise, economy of a particular sector or a country as a whole.
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Abstract. Development of information technology for monitoring tasks solution in the foundry industry based on an
inductive approach is shown. The technology is designed to solve the problem of searching dependence of the casting
quality on its speed and cooling mode as well as select in the process of experimentation the best casting, by comparing
it with a standard cooling curve.
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9 Introduction

The purpose of this operation is development of an information technology for the decision of tasks of
monitoring in foundry production which is aimed at improvement of quality of the final product. Depending on
composition of casting, the modes and speed of its cooling, the sequence of adding of the necessary components in alloy
it is possible to receive the final product of any quality. Quality of a product is estimated by the expert by means of
different express-analyzes. Improvement of quality of castings is the principal job of foundry production which will
influence not only mass purchase of products of casting, and also will provide economic stability and overall
performance of the enterprises. Foundry production considerably defines economic development of the country in
general.

Unfortunately for today's time foundry production in Ukraine falls into decay because of absence of financing,
high cost of raw materials which is ordered more often behind a cord than get in the middle of the country. Absence of
the necessary equipment, is computer technique and the necessary software products on productions doesn't give the
chance to our founders to compete with oversea vendors. Unfortunately on today's time a casting production in Ukraine
falls into a decay on reason absences of financing, by costliness of raw material which is more frequent ordered abroad
what obtain in the middle of country. Absence of necessary equipment, a computer technique and necessary software
products on productions is not given by possibility to compete our foundry hands with oversea producers.

Use of computer technologies for data analysis and simulation of processes in foundry production will be
essential to facilitate process of receiving casting (from his fusion to complete consolidation), will decrease appearance
of defective details on a production, the same a requirement will disappear in processing of wares, and the process of
outpouring will become more economic advantageous and cheap.

Thus the task of construction of computer technology is in-process put with a comfortable, clear for an user
interface for the decision of tasks of the optimum mode selection of cooling for the receipt of founding of the set
quality, and also search from the set base of information for founding of unknown fusion of the nearest to him standard
by comparing of curve of his cooling to the standards of this base for the estimation of his chemical composition.

Problem of upgrading casting products to the international standards and expansion of markets of its sale as in
the middle of country so in the world remains relevant. In spite of variety of developed software for a casting
production, there is a requirement in development comfortable in the use and main accessible on a cost product.
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2 Problem statement

Foundry production call processes of receiving shaped products (castings) by a flood of molten metal or plastic
in the empty form which reproduces the form and the sizes of future detail. After metal hardening in shape receive
casting or a detail which give in then to machining (abrasion) and are used in different spheres. Castings widely apply in
mechanical engineering, metallurgy, construction and other [1]. Depending on the mode of cooling of casting it is
possible to receive the final product of different necessary quality [2]. Quality of such product is estimated by the expert
by means of different express-analyzes. For example, finite casting shall have dispersible compact-grained structure.
Requirements to the final product can be set or the customer, or are defined according to data which are set in bases

which contain the international quality standards for each type of a product.

In spite of the fact that many software products [3-5] which meet requirements of workers in branch of foundry
production, the task of creation convenient in use, and, above all a product, available at cost, are at the moment
developed, remains urgent. We will direct the review of the existing software products, their features and the functional

capabilities (Tab. 1) below.

Tabl.1

Opportunities and shortcomings of the existing software

N | Name of product

Possibilities

Failings

1 SolidCast
Developer: Finite
Solutions Inc., USA

1. Metal filling (fast and normal)

2. Metal hardening: placement of
thermal nodes and shrinkable defects

3. Automatic optimization of LPS

1. Inconvenient interface; there is a
possibility of the translation of "Menu" into
Russian.

2. Inconvenient output of results of
calculations for the visual analysis;

3. There is no domestic database with
materials and alloys;

4. In the database of properties, there are
constant values on all interval of
temperatures;

5. Long-time computer calculation

6. Problems with STL import

2 Magmasoft
Developer:

Magma GMBH
(Aachen, Germany)

Magmasoft models the forms completed
with metal, crystallization, calculation
of tension and deformation, structure,
distribution of a perlite and ferrite, and
it is a lot of other useful opportunities.
The program recognizes the following
types of casting in case of simulation. In
basic MAGMASOFT standard option
allows to model casting in sandy — clay
forms and in the chill mold. For
simulation of other types of casting it is
necessary to buy additional modules.

1. High cost

2. Very heavy for understanding interface
without support of Russian

3. Absence of the Ukrainian (domestic)
database of metals and alloys;

4. Big hour costs of introductions this.

3 CASTCAE
Developer: CT-

Castech Inc.

Espoo (Finland)

Oy,

Casting under high pressure;

2. Casting under low pressure;
3. Casting on the melted models;
4. Casting in the chill mold;

5. Casting in the sandy form;

CASTCAE is a program of initial level.
It is possible to use this program for casting
not of difficult castings. In recent years has
no information on an output of new versions
of this program.

4 JSCast
Developer: Osaka,
Japan.

1. Casting on the melted models;

2. Casting in the chill mold;

3. Casting in the sandy form;

4. Casting under high pressure;

5. Metal filling;

6. Metal hardening: placement of
thermal nodes and shrinkable defects.

1. Small choice of opportunities of the
program;

2. Absence of the Ukrainian (domestic)
database of metals and alloys.
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AnyCasting The program simulates: There is no Russian interface (translation);
Developer: AnyCasting | Metal filling; Absence of the Ukrainian (domestic)
Co., LTD (Korea) Metal hardening: placement of thermal | database of metals and alloys.

nodes and defects

Tension; Structure;

In case of simulation the program
distinguishes the following types of
casting:

Casting on vacuum plate form;
On the melted models;

Casting in the chill mold;
Casting in the sandy form;
Casting under low pressure;
Casting under high pressure;

The carried-out review showed that a row of software products is developed for the solution of the main
problems which arise in the course of production of castings, but use of these products is impossible in connection with
high technical requirements to the computer equipment, the high cost of these software products and absence of the
domestic database of metals and alloys. Therefore at Institute of metals and alloys there was a need of developing
convenient in use and a software product, available at the price, for the decision of tasks of data analysis and simulation.

3 Technology of data analysis and simulation of processes in foundry production

Constant observation or monitoring in the course of foundry production will give the chance to founders to
control process of formation of casting for preventing of formation of low-quality products.

In general monitoring is a procedure of execution of the current observation, monitoring, estimation, the analysis
and prediction of processes [6]. In foundry production it is possible to define such tasks of monitoring:

~ collection of the experimental data and observation (monitoring) over casting process;
~ estimation of a current status of process of casting;
" the analysis of temperature dependences of cooling of a melt in the course of casting;
~ express forecast of quality of casting;
~ display of results of monitoring.
In technology which is developed, planned the decision all five tasks of monitoring [7-9].

Unit 1. Receipt of founding. This block characterizes the stages of process of casting, from preparation of alloy
to the receipt of founding. Authors do not decide a task on these stages, but this block is included for possibility of
interference with the process of cooling of founding and correction of chemical composition of founding. Quality of the
got founding is estimated an expert and founding of incongruous quality can be again molten.

Unit 2. Data handling and simulation. In this unit such tasks are decoupled.

The formalizations this about the cooling modes. It is applied when it is necessary to transfer the description of
the mode to the digital form. For example, the mode is described so: "vibration during 20 min + 5 min. evacuation".
Variable value "vibration" will be 20, the evacuations variable - 5.

Previous processing of selection this. The experimental data can be processed, for example normed or scaled if
there are passes they can be renewed, or by means of correlation analysis variables which have the greatest value of the
module of coefficient of conjugate correlation of a variable with the initial value can be selected.

Creation of process models of cooling on the basis of GMDH. Models behind a combinatorial algorithm of
MGUA are built, using external criteria of accuracy.

Assessment behind the given criteria of accuracy and adequacy of model. Quality of the received model can be
estimated on selection which wasn't used in case of simulation — examination selection.

Visualization of results. Results are brought in the form of diagrams and models out of the accounting of their
accuracy.
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Application. By means of technology which is developed the search of temperature dependence of cooling of
cylinder casting from Sch20 task cast iron task in a sandy casting mold is solved from the parameters of the mode of its
cooling for the subsequent optimization of this mode. The models of dependence of the cooling temperature on its time
for different cooling modes have been constructed [9].

The technology which is developed contains such main units. On Fig. 1 it is shows the flowchart of technology
which is developed.

Block 1. Receipt of founding. This block characterizes the stages of process of casting, from preparation of alloy
to the receipt of founding. Authors do not decide a task on these stages, but this block is included for possibility of
interference with the process of cooling of founding and correction of chemical composition of founding. Quality of the
got founding is estimated an expert and founding of incongruous quality can be again molten.

Preparation of alloy of metals and form for

I I
: outpouring :
| < 2
| v I
| Fusion of alloy and outpouring in forms An express is an analysis |
| l of composition of fusion |
| I
| Looking after the process of cooling of - |
| @ founding and removal of information Modes of influence on |
| 5 ¥~ cooling |
c
= Y |
| S Receipt of founding |
| =t 4 Estimation by the expert of |
| § quality of founding |
I_D: _____________________________ -1

Formalization of information about the modes
of cooling

\4
Previous processing of experimental data

Construction of models of cooling process on
the basis of MGUA

Comparing to the standard

:

Processing of data and design

Estimation after the set criteria of Standard curve of
exactness and model adequacy .| cooling
A\ 4
Visualization of results
e e e e e e -

Fig. 1. Diagram of technology of the decision of tasks of monitoring of processes of foundry production
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Intended for the grant of recommendations specialists in industry of casting production in relation to the analysis
of present raw material, having a special purpose selection of constituents of founding, and also support of making a
decision at the choice of the modes of cooling with the purpose of receipt of founding of the set quality.

The technology is developed on the basis of MS Excel as a part of three main subsystems for:

1) target to a p_dbor of components of casting;

2) the analysis of the available raw materials and recommendations concerning its application;

3) supports of a choice of the mode of cooling. Creation of the domestic database of metals and alloys is planned.
Technology is developed on a base MS Excel in composition three basic subsystems for:

1) having a special purpose selection of constituents of founding;

2) analysis of present raw material and recommendations in relation to its application;

3) supports of choice of the cooling mode. Creation of domestic base of these metals and alloys is planned.

4 Conclusion

Having carried out the review of the existing software it is possible to draw the following conclusions:

1. All programs are very expensive, besides each of programs needs constant addition by additional components,
continuous updating of the old version of the program.

2. Programs are developed by foreign experts therefore they are written in language of the developer that not
always understood to our Ukrainian expert, and also have the difficult interface therefore require clarification and detail
to instructing.

3. Considering that at many domestic enterprises rather decayed equipment is installed (computers, instruments
for measurements) which requires or completely up-dating of operating systems, video cards, or generally complete
changeover of the old equipment, on new therefore there are a lot of software developed on improved the computer
can't be used on domestic.

4. Above and above the considered means use a method of finite differences therefore in castings of responsible
assignment such programs aren't suitable for elimination of shrinkable porosity because the applied mathematical
method badly works in case of thin-walled castings when thickness of walls becomes comparable with slot pitch.

5. Also a lack of the existing programs is absence of the domestic database of metals and alloys, and it in turn
complicates operation of the founder.
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1 Introduction

Wide utilization of wastewater and sludge for agricultural purposes requires a thorough investigation of the behavior
of various species in biological, chemical, and physical aspects under different wastewater supply conditions. The
problem involves many factors and parameters, such as the impacts of treatments on soil and flora, survival and
mortality rates of species, their growth, silvicultural issues (roots and crown development, competition), wood
properties, assimilation behavior for different chemical elements, etc.

The investigation process is virtually an iterative sequence of empirical procedures intended for the identification and
selection of species with stable behavior and properties “good” enough to utilize them for agricultural purposes under
cultivation with processed wastewater. These procedures involve the analysis of the problem at different degrees of
knowledge detalization and certainty. The investigator may have a detailed look at a single direct effect of a chemical
substance on a species, or consider a chain of interactions by trying to generalize and find out a similarity or
distinctiveness in the behavior between different species.

Therefore, under uncertain multifactor conditions the search by using only conventional statistical methods becomes a
trial-and-error procedure. Two main features of this process shall be emphasized: empirical estimation of complex
nonlinear functional relationships between interacting objects in ecological network, and qualitative reasoning about
such relationships to reveal stable characteristics of the objects and regularities of their behavior.

2 Peculiarities of the problem

More deep understanding of the behavior of species requires its investigation in different aspects and under different
experimental plans, which at the same time substantially complicates the analysis of empirical results by using
conventional statistical techniques. Important aspect of investigation is the analysis of how the concentrations in
different species change and what would be the reaction of species when the concentrations in irrigated water increase
up to the high toxic level.

The proposed solution to the development of computer-based intelligent tools is intended for the empirical modeling of
species’ behavior and qualitative reasoning with imprecise information about this behavior.
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The studies aimed to estimate characteristics of different plant species irrigated with processed wastewater, can be
carried out with use of GMDH methods that allow us to analyze various aspects of plant species behavior: mechanical
properties of trees (axial compression and bending) depending on concentrations of chemical elements contained in the
wastewater [1], growth dynamics of trees irrigated with wastewater (development of tree height and mortality over
time) [2, 3], etc. After that, qualitative analysis techniques can be applied to assess plant species behavior under
different conditions: irrigation of forest species with wastewater and sludge [4].

3 Characterizing the approach

Here, the key approach to resolve the problem consists in the decomposition of a modeled system into subsystems, to
provide the modeling and analysis of subsystem(s) that have subset(s) of input variables consistent with volume of
sample available. The objective of the GMDH modeling is to obtain the regression models describing different
relationships within the chain of interactions "soil - roots - leaves", as well as to provide further qualitative analysis of
involved factors. Qualitative assessment provides initial generalization of regularities in change of heavy metals
concentrations in soil, roots, and leaves, depending on distance from the road. It also allows us to determine the level of
certainty / uncertainty of the models and to direct future experiments to obtain more detailed information.

The set of generated GMDH maodels gives the possibility to analyze the system from different viewpoints, according to
the model accuracies and structures. In the decomposition of a modeled system into subsystems, the related sets of
GMDH models can be analyzed to identify the most relevant structures and make assumptions about input of different
factors, assess the uncertainty level regarding each factor input, as well as to make decision on how to design the next-
stage experiments to obtain more information about system behavior. This also makes it possible to compare the sets of
GMDH models describing different subsystems by their structural similarity / difference, hence, merge the models into
a model that describes a higher-level subsystem.

In addition, this provides the basis to develop simple reasoning procedures for qualitative assessment of system
behavior at different stages of long-term experiments.

4 Conclusions

Qualitative analysis gives the possibility, in terms convenient for the end user, to analyze behavior of individual
subsystems as well as of the system in whole. It is intended to facilitate clear understanding of the experimental results,
easily classify different irrigation/plant species cases and identify the best ones. In general, the application of GMDH
methods together with deductive qualitative assessment techniques provides a consistent basis for the development of
integrated tools intended to cover the modeling, analysis, and decision-making tasks in the field of environment and
agriculture.
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Abstract. The paper considers theoretical grounds of recurrent computing applying for dynamics modeling of
multidimensional interrelated processes. The combinatorial GMDH algorithm is used for vector autoregressive (VAR)
modelling. The procedure of structural and parametric identification of VAR models is proposed.
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5 Introduction

An approach to the problem of structural and parametric identification of vector autoregressive models, when
parameters for every model are estimated independently, is considered. The drawback of the approach is that the
parameters of separate models for interrelated processes are interdependent. The paper uses an algorithm with selection
not one but a few best models for every process to eliminate the shortcoming.

We use the Group Method of Data Handling (GMDH) [1] as one of the most effective inductive modelling methods.
When solving the problem of vector autoregressive modelling, the run-time is one of the most important criteria of
efficiency. The most effective way to achieve the high performance is recurrent parameter estimation. In this case it is
more expedient to use the high-speed methods of parameters estimation based on the recurrent algorithms for solving of
linear equations systems.

2 Vector Autoregressive Modelling
The vector autoregressive (VAR) model generalizes the model of autoregression to multidimensional case. It is built by
the stationary time series. It is the system of equations, in which every variable (component of multidimensional time

series) is linear combination of all variables in the previous time points. The order of such model is determined by the
order of the lags.

In the general case for m time series and k lags the model will be the system of m equations (in matrix form):

k
X(t)=20;X(t-])), 1)
j=1

where © , j = 1,k — matrices of model parameters (3) of size mxm.

3 Procedure of Structural and Parametric Identification of VAR Models

The general models structure in the form of a system of m difference equations is determined as a result of the sequence
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of such operations:

1. Data array of m-k arguments is composed under the number of interrelated processes m and lags «.

2. Maximal complexity for restricted search is defined. COMBI algorithm with sequentially complicated structures of
models on the basis of recurrent computing is used for modelling. For every time series the best F (by the value of the
regularity criterion [2]) models are selected. Overall F-m models are passed to the next step.

3. The sorting of G =F™ possibilities of systems of models is carried out. The best model (by the value of the
systemic integral criterion of vector models quality) is selected. The value of the criterion is calculated on the given part
of initial data set in the prediction mode of the process for the given steps number ng:

B:nzsi(xij—x;})z, 2

i=1j=1

where xIJ is the result of step-by-step integration (recursive computations) of the system of m equations.

4 Combinatorial GMDH Algorithm with Recurrent Parameters Estimation

The combinatorial algorithm is used for VAR modelling by exhaustive search of all possible variants and finding the
best model for every time series containing the most informative subset of input arguments (regressors). It consists of
such main units:

« data conversion according to a basic class of models (linear in parameters);

« forming models of different complexity;

- calculation values of external quality criteria for all models being formed;

- selection of the best models.

For linear object with m input, all possible models are compared in the process of exhaustive search. Total quantity
of all generated models of the type

y, = X,0,,v=1..2"-1 (3)

vove

is 2"-1. Decimal number v corresponds to binary number d, in (3). Unit elements of d, indicate inclusion regressors
with corresponding numbers in the model, whereas zero elements signify exclusion.

Due to the exponential growth of 2™ as function of arguments amount, it is advisable to use algorithms recurrent in
the number of parameters in structural identification problems for the parameters estimation.Efficient recurrent
modifications of classic Gauss and Gramm-Schmidt algorithms were offered in [3]. The modification, in a nutshell, is

as follows. The matrix H = XX, of the size sxs is reduced to superdiagonal form by computing only elements

S

i=2,s-1, h;,

the nested matrix Hs_; of size (s—1)x(s-1) (reduced to superdiagonal form on the previous step) remain changeless. So
only “bordering elements” are computed on step S.

hiss !

i=2,5,and g, = X_y ateverystep s, s= 1 m during the direct motion. The elements of

5 Conclusion

The technique of recurrent computing in COMBI GMDH algorithm for building discrete prediction models of complex
multidimensional interrelated processes is proposed. Software tools for modelling of complex multidimensional
interrelated processes on the basis of high-performance combinatorial algorithm in the class of discrete dynamic VAR
models are developed.
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Abstract.  The article describes an experiment to promote a web-resource in search results. During the experiments,
the effect of quantitative indicators ranking features the position of web resources in the ranking of search engines was
studied. Ranking signs for the experiments were selected using a generalized iterative algorithm for the group method
of data handling.
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Introduction

Today it is difficult to imagine a person who would not use search engines on the Internet at least once a day. The
requirements to serch engines grows depending on the development of the World Wide. Their algorithms had been
changing. Continuously growing number of web resources forced the search engines developers to look for ways to
speed up its algorithms. But the data processing speed is not the only or the most important problems for developers.
The main objective is to create the optimal search results ranking model. It must respond to several requirements:

- respond the information needs of all users;

- provide high value completeness and accuracy of the search;

- effectively filter out search engine spam, sites clones;

- have a complex internal structure to minimize the possibility of external influence on search results.

Building the ranking model

The Google search engine [1] has been selected as a base for experimentation as the most demanded and technically
equipped. It is necessary to build actual search result ranking model to get more accurate results of the experiments. For
this procedure was used the technique described in [2]. The criteria described in [2] were used as ranking features.

To construct the ranking model it was used the inductive approach, namely a generalized iterative algorithm for group
method of data handling [3].

Ranking model:
y=0,76x, +184x, +0,15x, + 0,008 x, —1,9x,, + 0,012 x,, —14,8x,, —

— X, —14,33x,, + 2,4x,, — 0,3x,, —8,8x,x, + 0,26 x,,x; + 0,04x,,%,5%,

Experimental verification of the ranking features importance.

To prove the importance of getting in the ranking model features it was performed an experiment for web resource
promotion. On each stage of the experiment it was artificial overstatement of certain performance parameters of the
model and estimated position on Google search results.

Web-resours: mebilite.kiev.ua
Keywords: kitchens Kyiv, custom-made furniture Kyiv, wardrobes coupe Kyiv.
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Web-site positions in search results before optimisation:
kitchens Kyiv - 46

custom-made furniture Kyiv - 51

wardrobes coupe Kyiv -72

Stage 1. Adding keywords in the title and meta tags.

Table 1 illustrates web-site positios for six weeks after the change.

Table 1. Schedule change positions during the six weeks after the change.

Kevwords Optimization length

yw 1 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks
kitchens Kyiv 35 32 28 26 25 25
custom-made 46 40 35 27 23 22
furniture Kyiv
wardrobes 57 50 44 36 36 35
coupe Kyiv

Site positions growth almost stopped on the sixth week. To further increase the positions it is necessary to optimize
more parameters.

Stage 2. Placement the external links on web-resours.
Table 2 illustrates web-site positios for six weeks after the change.

Table 2. Schedule change positions during the six weeks after the change.

Keywords Optimization length

1 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks
kitchens Kyiv 25 20 18 17 15 14
custom-made
furniture Kyiv 22 20 20 16 13 13
wardrobes 35 30 26 24 21 20
coupe Kyiv

Stage 3. Writing the unique text with keywords for the home page.

Table 3. Schedule change positions during the six weeks after the change.

Keywords Optimization length
1 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks
kitchens Kyiv 14 11 8 6 6 6

custom-made

furniture Kyiv 13 8 ! ! 5 4
wardrobes 20 20 16 15 10 9
coupe Kyiv

Conclusion

The experiments of web resources promotion, confirm the accuracy of the Google search engine ranking model
obtained by the generalized iterative algorithm GMDH. Experiments proved that the gradual increase of the main
features values, based on the ranking model, allows you to achieve high results in web resources promotion of.
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