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FORMATION OF A SET OF INFORMATIVE FEATURES WHEN DECIDING
PROBLEMS OF PREDICTING THE DURABILITY OF STRUCTURES

Annotation. The paper proposes a method for extracting informative features for the training
sample in the problems of predicting the durability of corroding structures. The work aims to
analyze and evaluate the informative features that improve the quality of the data and to struc-
ture them. Kendall"s method is used to determine the value of each trait. It is proposed to use
the training sample to work with a neural network or to build a fuzzy knowledge base only after
the formation of a set of information attributes on their value.
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1. Introduction. Working with multidimensional data sets requires prelimi-
nary processing and analysis. This is due to many reasons, including the need to
lower the dimension of space; identification of informative signs and their assess-
ment; identification of abnormal or noisy elements in samples. These factors are
generally aimed at improving the quality of data, at the same time, the extraction of
informative features (IF) allows them to be structured [1, 2, 7, 8, 10].

The formation of a set of IF makes it possible to somewhat rank the variables of
the set under consideration. As a rule, the features that may be insignificant or not
too significant may be duplicated and/or even noisy. Therefore, the process of iden-
tifying and forming a set of information features when working with multidimen-
sional data in any subject area can hardly be overestimated [13].

2. The problem. The work will consider a training sample, which has been re-
peatedly used in training neural networks of different types in the tasks of predicting
the durability of corroding structures (CS) [4, 11]. However, for the first time, it is
proposed to consider the informative features of these data and evaluate them.

This approach can be useful both for training neural networks of various archi-
tectures [5, 6], and for clustering (clear or fuzzy [4, 9, 11]), and for building a knowl-
edge base when solving problems of this class.
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Prediction of the durability of the CS (direct problem) is an integral part of the
problem of optimal design of corrosive structures, in which the direct problem acts
as the constraint functions (CF) of the inverse problem. The optimization problem
statement is formulated and known [3, 11, 12]. Both problems describe the process of
modeling the behavior of complex nonlinear dynamic systems that operate in an ag-
gressive environment. Problems of increasing the efficiency of computational meth-
ods of such systems occupy a special place.

There are enough works devoted to these problems because the reduction of
computational costs of direct and inverse problems is interconnected. The author
thinks it expedient to formulate a sequence of problematic aspects that are interre-
lated and lead to a change in computational costs when solving this class of prob-
lems.

When setting the problem of predicting the durability, the CS is described by a
set of independent parameters, each of which is characterized by a numerical value.
The structure operates in an aggressive working environment that causes corrosive
wear, which leads to a change in its initial geometric dimensions. At the same time,
the structure must maintain its bearing capacity, that is, satisfy the limitations in
strength and stability. The solution to the problem of predicting the resource of cor-
roding structures involves determining the value of the durability of the system, dur-
ing which it will function without failure.

In general, the mathematical formulation of the problem of predicting durabil-
ity can be written as follows:

t*=minft;}; i=1,N. (1)

Here ¢; is the durability of the i-th structural element, determined by the condi-
tions of strength and stability:

[o]-0y(t,v)=0;  i=1L,N
g (2)

Where [o] is permissible stress; o;(t) is stress in i-th element; a;-: is critical

buckling stress; v, is a corrosion rate in the absence of stresses; J is a set of com-

pression elements; N is the number of elements in the system; t* is definable dura-
bility.

There are a large number of mathematical models to describe corrosive wear,
which makes it problematic to build a unified approach to solving the problem. Note
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that the following assumptions are made for the considered corrosion process: 1)
corrosion occurs by an electrochemical mechanism and consists of the spontaneous
destruction of the metal in the electrolyte; 2) there is a case of general corrosion, the
mechanism of which is described for the entire surface of the structure; 3) irregular-
ity of corrosion is determined by the degree of inhomogeneity of the stress field over
the area of the structure.

The paper proposes to use Dolinsky's model:

%=v0[1+kaeq], 3)

Where o, is the absolute value of the equivalent voltage; k = 0.003 MPa “isa

coefficient taking into account the effect of stresses on the rate of the corrosion

process; where S is a vector of depths of corrosion of all elements.

As noted in the works [3, 4, 11, 12] the solution of this system of differential
equations is possible only numerically, since its right-hand sides are computational
algorithms. The stresses in the right-hand sides (3) are calculated using the equa-
tions of mechanics of a deformed solid: systems of equations of equilibrium and
compatibility of deformations, Cauchy relations, and physical relations (for elastic
bodies - Hooke's law). Consequently, the choice of the parameters of the numerical
procedures will significantly affect the error of the result obtained. With a decrease
in the integration step, it is possible to achieve greater accuracy, but this will nega-
tively affect the computational efficiency of the algorithm.

3. Analysis of requirements. Obviously, concerning the error of the obtained
solution ¢ for the inverse problem, the following options are possible
D=D,uD, > Dxs:

1) the first subset of points of the solution space D;, for which the error in cal-
culating the CF will exceed the maximum permissible £*: e>¢*;

2) the second subset of points D, for which the error is less than the permissible
e<e*;

3) the third subset Ds, the power of which is incomparably less than the two
previous ones, for which the error in calculating the CF turns out to be within the
permissible value, that is, in a certain neighborhood y : |g —-& *| <y, which can be

considered as.

In the latter case, the conditions for the accuracy and efficiency of the compu-
tational algorithm are satisfied. It is obvious that the desired set of the solution
space, which does not lead to excessive computational costs and satisfies D~Ds. If

. ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucreMHi TexHoJiorii» 6 (137) 2021 «System technologies»

the desired error of the numerical solution is given in advance, then such an ap-
proach requires a certain module for controlling the accuracy of the numerical result
for a given error [¢]. The problem statement is formulated:

{ht(g,z) — max
elc.h)<[e]

Here € = {v,,k, 0,4y, P, } is a vector of factors influencing the value of the in-

(4)

tegration step h:;; where o is initial stress; Ao, Py are geometric characteristics of

structural elements (area and perimeter, respectively).

Since the direct problem has been solved several times, therefore, there are
quite large amounts of data that are of an unordered nature. The author believes that
if we carry out a preliminary analysis of them, which consists of extracting informa-
tion about each feature, then it is possible to structure them in a certain way and,
according to the author, influence the efficiency of the computational algorithm.
This is the purpose of this work. Let us formulate the formulation of the problem of
forming a set of information features based on their value for the class of problems
under consideration.

Let us have input data in the form of a matrix C = {voi,aoi,AOi,Pol-,[g]}, i=1,N,

where N is the sample size. It is necessary, using clustering methods, to arrange the
features in descending order of their informativeness. Since quantitative features are
considered in the work, it is possible to use either the distance matrix approximation
method or the Kendall method to solve the problem. It is the latter that will be con-
sidered.

For each characteristic, the following steps must be performed:

1. Construct a frequency matrix for each feature C = {voi,aol.,Aol.,PO,-,[g]}, here
i=1,N.

2. Find the change interval of the characteristic values, which is common for all
clusters.

3. Calculate Inf; (j = 1+ 5 is a number of features) as the number of objects of all
classes, the values of which for a particular feature did not fall into the joint interval.

Further, the features are ordered in descending order Infj, which corresponds to
their ranking of decreasing individual value. The quantities Inf; (j = 1+5) can be con-
sidered as weights of features: the larger the value of Infj, the more significant it is,
and, therefore, more objects can be recognized by this feature. Therefore, this fea-

ture is more informative.
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As you know, when the number of classes is more than two, Kendall's method is
applied to each pair of classes, and the weights obtained are averaged over the num-
ber of pairs [7].

4. Results of numerical experiments. Let there be a sample of volume
N=5000 samples, which 1is characterized by the following features

C= {VOi,GOi,AOi,POi,[E]}. Based on the results of observations of objects using fuzzy

clustering [4], five clusters are considered, which are considered hereinafter as class
labels. We have a degeneration of the clustering problem into a classification prob-
lem. According to the steps described above, frequency matrices are built for each
feature: corrosion rate, initial stresses, and geometric characteristics of structural
elements (area and perimeter, respectively), errors.

The paper proposes to average the obtained weights not for each pair of
classes, but for all at the same time. This approach presupposes more stringent re-
quirements, however, according to the author, this allows taking into account the
individual value of each trait for all classes at the same time.

The results of numerical experiments are shown in Table 1.

Here are informative signs: Inf; is for corrosion rate vo; Inf; is for the informa-
tive sign for initial stresses o ; Infs is for area Ao; Inf; is for the perimeter of the

cross-section of the structural element Py; Infs is for a given error [].

Table 1
Results of numerical experiments
Informative features for elements of the training sample
Inf; Inf; Infs Inf, Ings
0.7198 1,000 0.9936 0.9936 0.9698

Next, you can build informative features according to their value. The results
obtained indicate that the least informative feature is the corrosion rate, and the
most informative feature is the initial stresses. Therefore, it can be concluded that
for the further use of the training sample, for example, when training neural net-
works [11] or for classification [4], attention should be paid to the least informative
feature. It is possible, of course, to exclude it and not be considered as an input pa-
rameter when determining the parameters of numerical procedures. On the other
hand, v, - is a parameter of an aggressive environment that makes a significant con-
tribution to the operation of the structure. Therefore, according to the author, here
the problem can be solved by reducing the number of classes for this input variable.
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5. Results. The approach considered in the work allows you to streamline the
features and extract information about the information content of each of them.
This will allow, during further work with training samples, to structure the data and
improve the quality of their further use.
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PopmysaHHA HABOPY THhOpMaAMUBHUX 03HAK
npu po38’a3aHHi 3a0ay nPo2HO3yBAHHA 008208TYHOCMT KOHCMPYKUili
Y po6omi 3anponoHosaHo cnoci6 3006ymms iHGopMamusHUX 03HAK OJI HABYA/IbHOI BU-
6ipKu y 3a0a4ax NPo2HO3yBaHHSA 00B20814HOCMI KOPOOYIOYUX KOHCMPYKYil. Memow pobomu €
aHaMi3 ma OYIHKA TH(OPMAMUBHUX O03HAK, AKI 003B0/AKMb NOKPAUUMU AKICMb OAHUX ma
cmpykmypysamu ix. [ina 3006ymms YiHHOCMI KOXHOT 03HAKU BUKOpUCMOBYEMbCA Memod Ke-
oanna. [IponoHyembcs Kopucmysamucs HaB4aabHoW BUGIpKOK 014 pobomu 3 HellpoHHUMU Me-
pexxamu abo 015 nobydosu He4yimkoi 6a3u 3HAHb MiJbKU NiCaA PopMyBAHHA HAbopy iHpopma-
MUBHUX 03HAK 34 iX THOUBIOYA/IbHOK YiHHICMIO.
PopmuposaHue Habopa uHghopMamuBHbIX NPU3HAKOB
npu pewleHuu 3a0a4 NPoO2HO3UPOBAHUA 001208€4HOCMU KOHCMPYKYUL
B pabome npednoxeH cnocob u3zsnedeHus UHGOPMAMUBHbIX NPU3HAKOB 014 obyyatowel
BbIGOPKU B 3a0a4ax NPO2HO3UPOBAHUSA 00J1208@4HOCMU KOPPOOUpYIOWUX KOHCmpyKyud. Lensko
pabomsl A81AEMCA AHANU3 U OUEHKA UHOPMAMUBHbLIX NPU3HAKOB, KOMOPbIE NO3BOAM Y/yYy-
Wumb Ka4yecmso OGHHbIX U CMpYKmypuposams ux. [Jns onpedeneHus yeHHocmu Kax90020 npu-
3HaKa ucnosnb3yemcs memod Kexdanna. [pednazaemcs npumeHsms 00y4aruiyto 86160pKy 01
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pabomsi ¢ HelipoHHOU cemblo UAU 0N NOCMpPOeHUs Hevyemkol 6a3bl 3HAHULU MOJILKO Nnocie
¢hopmuposaHus Habopa UHGHOPMALUOHHbIX NPUIHAKOB N0 UX UHOUBUOYANLHOU YeHHOCMU.
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