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Abstract: The conceptual approach to assessing the quality of
complex structural systems based on the large data generated
during the monitoring of structures of controlled objects is
justified. The methodological basis of the proposed study is the
big data analytics, the methods of processing unstructured
information, the technology of representing the process of
changing structures of complex objectsin the form of a Markov's
type sequence, as well as methods of statistical analysis. It is
proposed: to structure monitoring data by time dlices (in the form
of subsets of "stress' level measurements of controlled
parameters) corresponding to a certain stage of the object's life
cycle; to simulate a change in the structure of an object in the
form of a dichotomous Markov chain; on the basis of the
"stress-strength” model, to evaluate probabilistic quality
indicators of the structural state of the controlled object, while the
indicator of the transition from state to state is the fact that the
level of " stress" exceeds the value of " strength” . The study of the
" stress-strength” model is reduced to the problem of finding the
extremum of a definiteintegral with equality constraints, which is
one of the isoperimetric problems. The results can be used in
decision support systemsduring thestructural analysisof complex
systems. The effectiveness of the investigation is confirmed by a
numerical example.

Index: Terms. Big Data, Quality Indicator, Cumulative
Distribution Function, Extreme Estimates, Moments.

. INTRODUCTION

Data mining has extensive applications in business, in
communi cation technologies, in particular in social networks,
in search engines, in forecasting, in machine learning, and in
other areas. However, more and more often for a number of
practical problemsthereisaneed for an integrated approach:
a combination of data mining with traditional research
methods. In this case, the collection, preliminary analysis of
datawith their preprocessing, recovery of possible omissions
caused by data loss becomes the prerogetive of data mining.
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So for the Statistical Analysis System (SAS) Ingtitute
approach in the form of SEMMA methodology (including
stages "Sample" — "Explore" — "Modify" — "Model" —
"Assess'), these are steps up to the modeling stage (Model).

Big data analysis technologies are developing both in the
direction of creating new computational methods based on
existing classes of algorithms (neural networks, genetic
algorithms, rule induction, case reasoning, and so on) and in
the direction of preliminary structuring of the data itself, for
example, due to data clustering, which in some cases
increases the efficiency of solving target problems.

The purpose of this article is based on the ideas of
conceptualization of the subject area — big data to show the
possibility of using preprocessed big data to solve the
problems of assessing the quality of complex technical and
information systems.

[I. CONCEPTUALIZATION OF RESEARCH

The work [1] presents a wide range of applications of big
data analysis methods thanks to advanced technologies (e.g.
NoSQL databases, Hadoop, wibidata, and Skytree and others)
to extract new knowledge. As a result of the conceptual
approach, researchers form a common value-semantic
platform of actions aimed at extracting new knowledge from
data[2], taking into account structural complexity of data (a
variety of data formats), as well as the requirements for
reducing the time of analysis, the need for pre-processing of
data. However, in some cases, a significant part of the data
remains unclaimed for further knowledge extraction, as it
requires the development of new methods for extracting
semantic features from unstructured datasets [3].

The structure of the proposed conceptual scheme in the
form of stages A-D is shown in Fig. 1. The contents of the
stages correspond to the sections A-D of the same name given
below.

ORpEGRG

Fig. 1. The structure of the conceptual scheme

A. BigData

Big data (BD) research is expanding its sphere of influence
every year. In the 70-80s, these were highly specialized tasks
for complex computer systems control [4] dynamic objects
(aerospace direction) [5] with centralized information
systems [6] or decentralized
construction of information
structures[7].
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With the development of the direction of BD, they were
actively used in medicine, biology, business, industry, science
and in anumber of other areas[1].

And if earlier researchers complained about the limited
amount of data, which is often not enough, but now they are
looking for ways to effectively reduce them due to
restrictions, for example, on data warehouses[7].

Let's use Gartner's definition of BD as “a collection of
high-volume, high-velocity and/or high-variety information
assets that demand cost-effective, innovative forms of
information processing that enable enhanced insight, decision
making, and process automation” [8].

Therefore the following operations are important for BD:

= editing - at detection and processing of anomalies;

= linking dataand consistency them with other data sets;
= generating of data sets depending on the described
economic or social phenomena [9], including in the
conditions of existing risks of influence of external and
internal factors on infrastructure of systems[10] and ona
signal (content) component of network intersystem
communications, for example, in problems of
preparation and conduct telemetric measurements [11].

B. Big Data Opportunitiesand Trends

Effective risk management, able to identify, assess, rank
and prioritize risks, is based on a sustainable infrastructure,
modern analytics and reliable data[12], interconnected in the
process of solving targets, which can be represented in the
following form (see Fig. 2).

Fig. 2: Structure of effective risk management

Infrastructure  will  be
communication  equipment
support.

Analytics combines software and mathematical support of
information processes, including modelling and analysis of
results.

Data includes extensive input analysed information, we
combine the concept of Big Data, as well as the results of
analysis and modelling.

The optimal strategy in data mining sphere for today is
determined the successful for most of all companies on
future. Surveys have identified the most popular areas in

identified with hardware,
and related organizational
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which data mining (DM) has a positive impact on their
business (Fig. 3) [13].

One of the problems of BD analytic isto develop effective
indicators to assess the quality of the analyzed data [14]. For
this purpose, data mining and machine learning methods [15]
are actively developed, which include the following -

(i) Clustering,

(ii) Classification,

(iii) Association Rules,

(iv) Regression,

(v) Sequentia Patterns,

(vi) Prediction.
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Fig. 3: Most popular waysthat DM positively
impacts on the businesses

In this paper, we will consider the problem of grouping the
initial set of data only in the formulation plan, denoting the
problem, focusing on probabilistic estimates of quality
indicators on the selected data segments.

C. Changing Structures AsMarkov Chain

Suppose that the entire array of measurement information
obtained as aresult of monitoring a complex object of control
(architectura structure, remote robotic object) is structured

depending onthedatatypeas D; , i = (1 n), where n isthe

total number of data partition classes. The described actions
correspond to the stages: A— database formation and B — data

segmentation by accepted features (temporary, technological
or constructive), (see Fig. 1). The composition of D,
includes the vectors of 'stresses of the corresponding
structural elements of the construction — Y; components of

which components are random variables, and the
corresponding vector of random parameters X; , representing
the 'strength'.

One of the ways of formation of D, is temporary. It is

always possible to select a group of parameters with the same
periodicity of control and whose state determinesthe structure

of the construction — 5 that also called index of the structure.

S - discrete-time Markov chain with a finite number of
states,
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with the probability of trangitions p(s,, |s) from the
structure s to the structure

S [16]. In the simplest case, S

= 1,2 , which
corresponds to the structures ‘norm’ and ‘not norm’, which
will be characterized by the failure of the structural element.
Monitoring the state of the structure corresponds to stage C
(Fig. 1)

The relation between 'stress’ and 'strength’ in technology is
one of the decisive factorsin the occurrence of failures.
In some cases, ameasure of quality is the probability that one
random variableislarger than another random variable.

D. “Stress-Strength” Models

The models in which such indicators are analyzed are
called “stress-strength” models. Such modelswere considered
in [17], [18], a number of various applications for
stress-strength model s can be found in the monograph of Kotz
et a. [19], where a fairly complete anaysis of the
stress-strength models state is given, it is assumed that there
is complete information about each of the random variables.

The calculation of probabilistic indicators for the
"stress-strength” models corresponds to stage D (Fig. 1),
which acts as a control feedback to stage C.

Such models are used in various fields, including
engineering statistics, where it is also called the load-bearing
capacity model [20], investment management [21], reliability
analysis of complex architectural structures, in problems of
analysis of supply and demand correspondence, including in
the conditions of big data [22], as it is hecessary to take into
account data on vibrations, temperatures, reliability, seismic
resistance of buildings, and so on.

I1l. STRESS-STRENGTH SIMULATION

OPTIMIZATIONMETHOD

In stress-strength simulation, the reliability is determined
by using the known the following equation [19], [20] -

D

where X and Y are independent random vectors, such that
X represents the 'strength’ of the system (construction), and
Y isthe 'stress, which is subjected to this structure, notation
ith for simplicity, hereinafter omitted; F(t) and G(t) is
known up to k fixed-end moments cumulative distribution
functions (CDF) for X and Y respectively.

If at some point in time the applied 'stress' (or load) exceeds

R=P(X>Y)=[ " (1-F(t)dG(),
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Where m;, and u, are the j-th moments of the CDF
F(t),and CDF G(t), respectively.

It is required to find the extremal assessment for the
selected quality indicator (1), provided that F(t) e Fo ,

G(t) GO , asfollows form

Re = max P(X >Y) @

In other words, it is necessary to find the extremum of a
definiteintegral from equation (1), under the conditions when
F(t) , and G(t) are continuoudy differentiable functions

defined on the intervals [O,t;], and [O,t,] , respectively.

Under these conditions, the problem of finding the extremum
of adefiniteintegral isone of theisoperimetric problems[23].
To solve it, the Lagrange variation method is used.
Assuming that there is a solution to the problem, then we
apply the Lagrange principle to the hypothetical solution,
define the saddl e points, and examine them for a minimum or
maximum by comparing them with known results.
A. Calculation of Lagrange Multipliers
The CDF F(t) and G(t) must satisfy the Euler system of

differential equations[24]:

Q( oL \__dL _,
dt\oF'(t) ) oF(t)
dfaL ) o _,
dt\oG'(t) ) oG(t)

where F'(t)=9F U/ (=0,

L isaLagrangian defined for F(t) and G(t) ,
respectively, by the following relations

L= G(t)F’(t)+Zj AUF(t) +Zj nt'G(t),
L=@-F()G'(t)+ Zj (L) +Zj nt'G'(t) .

Where 2,, and 7, (j=1k) — are undefined Lagrange

multipliers.
After performing the corresponding differentiations and
taking into account the initial conditions F(0) =0 ,

G(0) = 0, we obtain the following equations

the 'strength’, the structural element (component) will fail. We F(t)= Ztnjt" , 0<t<t,, (5)
can consider 'stress as a function of the environmental impact Ko
on the structure under study. G(t) =~ Z j At O=tsty, (6)
Let us represent CDF  F(t) and G(t) as the following  following which, we calculate m,and g,
sets S | P
m=2 5t 1=1k, ™
F:{F(t): t‘dF(t):m.,j::Lk}, @ . -
’ l ' # =—Z—.J|Ajt;*', l=1k. 8)
G, ={G(t):j0 t dG(t) = 1, j=1,k}. 3) j
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Thevalues t, , and t, aredetermined from the conditions
F(t;) =1, G(t,) =1, respectively.
Consider the case when F(t) and G(t) are known up to

the final 1% moment (Expected value ). After performing the
necessary transformations, we find the CDF that the
extremum of the quality index by equation (1) is reached

t
F(t)—ﬁ, 0<t<2m, 9)

G(t):zi, 0<t<2u,. (10)
14

When t, <t, ,or m <, and using (9) and (10) we
caculate

=n%ﬂl'

For the case when F(t), and G(t) are exponential CDF
with Expected value m, and y, , respectively, then

R :n%mﬁﬂl) '

,or m > u, wecalculate

R

For the case when the first two moments of the distribution
are known, and taking into account equations (5), and (6),
undefined Lagrange multipliers can be determined by solving
the following system of equations (12)

_26m/ _8m,
h 52 5t

_ 18m,/ 12m
& 5t 5t

24 18

9 9
12 18,

9 9

B. Formalization for Domain of CDF

L et's define the upper bounds of the domains of definitions
of CDF F(t) and CDF G(t) .

We define the form of the functions F(t, ), and G(t,) by
solving the differential equations (5) and (6):

(11)

When t, >t

(12)

dF(t)+ﬂi+212t 0

dG(t)

ot ’71_2772t =0

by integrating which for starting conditions ( F(0) = Oand
G(0) = 0) arecalculated F(t;) and G(t,) :
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26m  8m, 18m, 12m |,
F(t,)= ~Z2 1t - t?, 13
t) [5tf 5t§] J{ 5t 5t J (13)

G(t,) = 244, 18;ul 123;11 18,212 2 (14)
'[g ty ty ty

Solving the equations (13), and (14) we get the following
values t; and t;:

t, =14m +(L96n7 +2m,)",

t, = (92 +61)  —3u.

(15

(16)

IV. RESULTSAND DISCUSSIONS

The resulting expression for the extreme evaluation of the
quaity indicator R,, (for t; <t;) we get from the (8), (5)

and (6)

R = 'Mg 26 @+ )+ ’72?3 .
Where
=t = 112:’»;1'[; =24t .
oty —18u,

The dependences of the extreme estimation of the R,
quality index on thefirst moment m, at different values of the
second moment m, are shown in Table 1.

Table 1: Valuesevaluation of the R,, quality
indicator from the first moment m,

1 Ru
moment

m m,=15 m,=2,0 m,=3,0
02 0,48 0,58 0,68
04 0,73 0,76 0,815
06 0,89 0,895 0,897
08 0,92 0,93 0,933
10 0,94 0,945 0,948

In Table 2 for the probability (1), the dependences of the
values of the extreme estimates of the quality index in
comparison with the normal distribution are shown as
functions of the 1% moment of the distribution of the random
variable X at different values of the 2™ moments of the
distributions. Note that when getting estimates, the
expressionsfor calculating R,, are selected depending on the

relationship between t, , and t, .

Table- 2: Comparison estimates of the quality
index: R,, and thenormal distribution — R;

Quality 1% moment m,
index 02 | 025 | 05 | 075 | 1,0 | 20
Ro 024 | 053 | 082 | 091 | 093 | 0,95
Rs 042 | 047 | 053 | 061 | 063 | 0,83
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The obtained relations for calculating R,, are based on
thefinite CDF F(t) , and CDF G(t) , which are bounded on
theright by thevalues t, , and t, .

The calculations take into account that for Gaussian law of
random variables X and Y , the probability value (1) is equal
to:

P(X>Y)=05+®| 2 ¥
x y

Where @ isthe Laplace function,
af,aj —variances of random variables X and Y,

m,,m, — expected valueof Xand Y .

The dependence between the 2™ moment of the Gaussian
law and the variance is also taken into account:

m, = o+ m .
Thus, knowledge of a priori information about the form of

the distribution function of the observed random variables
allows us to increase the sensitivity of models.

V. CONCLUSION AND FUTURE STADY

The proposed conceptual scheme of structural analysis of
big data for structures of complex objects includes a
composition of methods for identifying the state of the
structure and calculating probabilistic indicators for
"stress-strength™ models.

Knowledge of the dynamics of changes of the first
moments of the studied random parameters of products allows
you to predict and ensure the properties of strength and
structural reliability of complex constructions.

Analysis of the simulation results shows that the proposed
approach allowsyou to build modelsthat are sensitive to data,
on the basis of which we can carry out an adequate structuring
of the datataking into account the probabilistic characteristics
of the parameters ‘stress’ and ‘strength’.

The issue of developing methods for structuring
(segmentation) of data sets for the tasks to be solved, taking
into account the instability (skip) of data caused by various,
including deliberate actions, becomes urgent.

REFERENCES

1. U. Sivargiah, M.M. Kamal, Z. Irani, and V. Weerakkody, “Critical
analysis of Big Data challenges and analytical methods,” Journal of
Business research, vol. 70, Jan. 2017, pp. 263-286.
DOI: 10.1016/j.jbusres.2016.08.001

2. V.C. Storey, and I.-Y. Song, “Big data technologies and Management:
What conceptual modeling can do,” Data & Knowledge Engineering,
vol. 108, Mar. 2017, pp. 50-67. DOI: 10.1016 / j.datak.2017.01.001

3. M.H. ur Rehman, C.S. Liew, A. Abbas, et al., “Big Data Reduction
Methods: A Survey,” Data Science and Engineering, vol. 1, no. 4, Dec.
2016, pp. 265-284. DOI: 10.1007/s41019-016-0022-0

4. K. Ziegler, Jr., “A distributed information system study,” IBM Systems
Journal, vol. 18, no. 3, 1979, pp. 374-401.

5. A.S. Buryi, Fault-tolerant distributed systems of the processing of
information, Publishing House “Hot line-Telecom,” Moscow, 2016.

6. A.S.Buryi,and A.V. Sukhov, “Optimal control of complicated technical
complexesin an automatic information space”, Automation and Remote
Control, vol. 64, no. 8, 2003, pp. 1329-1345.

7. M. Rahman, R. Ranjan, and R. Buyya, “Decentralization in Distributed
Systems:  Challenges, Technologies, and Opportunities,” in
Advancements in Distributed Computing and Internet Technologies:

Retrieval Number: C8982019320/2020©BEIESP
DOI: 10.35940/ijitee.C8982.019320
Journal Website: www.ijitee.org

3280

I nter national Journal of Innovative Technology and Exploring Engineering (1JI TEE)
| SSN: 2278-3075 (Online), Volume-9 I ssue-3, January 2020

Trends and  Issues, 2012, «ch. 18, pp. 386-399.
DOI: 10.4018/978-1-61350-110-8.ch018
8. Gartner Glossary [Onling]. Available:

https://www.gartner.com/en/information-technology/ glossary/big-data
[Accessed: 10-Nov-2019].

9. S.-M. Tam, F. Clarke, “Big Data, Official Statistics and Some Initiatives
by the Australian Bureau of Statistics,” International Statistical Review,
vol. 83, no. 3, 2015, pp. 436-448. DOI: 10.1111/insr.12105

10. A.S. Buryi, “Distributed Estimation Systems with Random Structure,”
Avtomatikai Telemekhanika, no. 12, 1994, pp. 70-75.

11. A.S. Buryi, A.V. Loban, and D.A. Lovtsov, “Compression models for
arrays of measurement data in an automatic control system,”
Automation and Remote Control, 59(5), Pt 1, 1998, pp. 613-631.

12. C. Thun, “Strong Data Management — an Absolute Necessity,” Moody’s
Analytics. Risk Perspectives, Risk Data Management, vol. 5, 2015,
pp. 8-13.

13. V. Anand, “Top 10 Benefits of Data Mining | MicroStrategy, analytics
and mobility.” [Onling]. Available:
https://www.mi crostrategy.com/us/resources/blog/bi-trends/top-10-ben
efits-of-data-mining . [Accessed: 12-Dec-2019].

14. M. Halkidi, and M. Vazirgiannis, “Quality Assessment Approaches in
Data Mining,” in: O. Maimon, L. Rokach, (Eds), Data Mining and
Knowledge Discovery Handbook. Springer, Boston, MA, 2010,
pp. 613-639.

15. J. V. Chandra, G. Ranjith, A. Shanthisri, R. Rakshitha, K. Mahesh, “A
Framework for Implementing Machine Learning algorithms using Data
sets,” International Journal of Innovative Technology and Exploring
Engineering (IJITEE), val. 8, no. 11, 2019, pp. 155-160.

16. V.A. Boldinov, V.A. Bukhalev, A.A. Skrynnikov, “Recognition
agorithm for the state of the queuing system based on theory of systems
with random jump structure,” Journal of Computer and Systems
Sciences International, vol. 53, no. 3, 2014, pp. 327-337.

17. M.L Lomakin, “Guaranteed bounds on fail-free operation probability in
the class of distributions with fixed moments,” Automation and remote
control, 52(1), Pt. 2, 1991, pp. 126-131.

18. D.D. Hanagal, “Estimation of system reliability in stress-strength
models for distributions useful in life testing,” IAPQR Transactions,
vol. 23, no. 1, 1998, pp. 61-65.

19. S. Kotz, Y. Lumelskii, and M. Pensky, The Stress-Strength Model and
its Generalizations. Theory and Applications, World Scientific,
Singapore, 2003.

20. B. V. Gnedenko, and I. A. Ushakov, Probabilistic Reliability
Engineering, John Wiley & Sons, New York, NY, USA, 1995.

21. G. Popov, and K. Anguelov, “Application of Stress Strength Analysis for
Investigation of Investments in Heterogeneous Assets,” AlP Conference
Proceedings, 2018, 060033. [Onling]. Available:
https://aip.scitation.org/doi/pdf/10.1063/1.5082148 [Accessed:
28-Oct-2019].

22. Y. Fang, W. Tao, and K.F. Tee, “A new computational method for
structural reliability with big data,” Eksploatacja i Niezawodnosc —
Maintenance and Rédiability, vol.; 21(1), 2019, pp. 159-163.
DOI: 10.17531/ein.2019.1.18

23. A.Ros, “The isoperimetric problem,” Global Theory of Minimal
Surfaces, Clay Math. Proc., vol. 2, Amer. Math. Soc., Providence,
RI (2005), pp. 175-209.

24. |u. P. Petrov, Variational methods in optimum control theory, New
Y ork, Academic Press, 1968.

AUTHORSPROFILE

Alexey S. Buryi. Dr. A.S. Buryi received his Degree of
Doctor of Engineering Sciences in Automated control
and data processing systems from Military Academy
named after Peter the Great in Moscow in 1999. He has
successfully guided nine students for Ph.D. of
Engineering Sciences. He has published more than 120
research works, including 3 monographs, 6 patents. His main interestsliein
Fault-Tolerant Distributed Control Systems, Quality Assessment of
Software, Reliability of Robotic Systems. Currently he isthe Director of the
Department in Russian Scientific-Technical Information Center for
Standardization, Metrology and Conformity Assessment, Moscow, Russia.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

www.ijitee.org

Exploring Innovation


https://www.sciencedirect.com/science/article/pii/S014829631630488X#!
https://www.sciencedirect.com/science/article/pii/S014829631630488X#!
https://www.sciencedirect.com/science/article/pii/S014829631630488X#!
https://www.sciencedirect.com/science/article/pii/S014829631630488X#!
https://doi.org/10.1016/j.jbusres.2016.08.001
https://doi.org/10.1016/j.datak.2017.01.001
https://doi/
https://elibrary.ru/item.asp?id=13441519
https://elibrary.ru/item.asp?id=13441519
https://elibrary.ru/item.asp?id=13441519
https://www.igi-global.com/affiliate/mustafizur-rahman/222575/
https://www.igi-global.com/book/advancements-distributed-computing-internet-technologies/51930
https://www.igi-global.com/book/advancements-distributed-computing-internet-technologies/51930
https://www.gartner.com/en/information-technology/%20glossary/big-data
https://doi.org/10.1111/insr.12105
https://www.microstrategy.com/us/resources/blog/bi-trends/top-10-benefits-of-data-mining
https://www.microstrategy.com/us/resources/blog/bi-trends/top-10-benefits-of-data-mining
https://elibrary.ru/item.asp?id=24770741
https://elibrary.ru/item.asp?id=24770741
https://elibrary.ru/item.asp?id=24770741
https://elibrary.ru/contents.asp?id=34090121
https://elibrary.ru/contents.asp?id=34090121
https://elibrary.ru/contents.asp?id=34090121&selid=24770741
https://aip.scitation.org/doi/pdf/10.1063/1.5082148
http://dx.doi.org/10.17531/ein.2019.1.18

Quality Assessment of " Stress-Strength” Modelsin the Conditions of Big Data

Mikhail I. Lomakin, Dr. M.l. Lomakin received his

Degree of Doctor of Engineering Sciencesin Reliability

e of complex technical systems at the A.F. Mozhaysky's
Military-Space Academy in Saint Petersburg in 1992,

and Degree of Doctor of Economic Sciences in

Financial Management Systems a the Financial

University under the Government of the Russian Federation (Financial

University) in 2002 in Moscow. His research areas of interest are Quality
Management, Information Systems, Data Processing. He has published over
200 research papers. Currently, he is the Associate Director for research of
the Russian Scientific and Technical Information Center for
Standardization, Metrology and Conformity Assessment, Moscow, Russia.

Andrey V. Sukhov, Dr. A.V. Sukhov received his
Degree of Doctor of Engineering Sciences in
Radio-information systems from Military Academy
named after Peter the Great in 2006 in Moscow, since
2011 hi is professor at the Department of "Space
Telecommunications.” He has successfully guided nine
students for Ph.D. of Engineering Sciences. He has published more than 50
research works, including 4 monographs and textbooks, 5 patents. His
research areas of interests are in Information Measures, Information
Radio-technical Complexes, Communication Organization, Structures of
Systems. Currently, he is a Professor a the Department of
"Radio-electronics, Telecommunications and Nanotechnology" of the
Moscow Aviation Institute (National Research University).

Retrieval Number: C8982019320/2020©BEIESP Published By:
DOI: 10.35940/ijitee.C8982.019320 Blue Eyes Intelligence Engineering
Journal Website: www.ijitee.org 3281 & Sciences Publication



