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ZHYGAILO AM., DETSD.V.
ONAFT (UKRAINE)

DATA MINING TECHNOLOGIES IN AUTOMATED
SUPPORTING SYSTEMS FOR DECISION MAKING

Abstract. To manage complex objects, various automated systems with support of making decisions
are used, which accumulate large volumes of information in their databases. The development and im-
plementation of new algorithms based on the methods of data mining, which, taking into account man-
agement objectives and object management information, could provide the choice of the most effective
management solution, which is a very topical task.

Formulation of the problem. The rapid growth of humanity's potential is due to the deep penetra-
tion of information technology, which contributes to improving the efficiency of management of various
technological and business processes. Taking into account modern ideas, any production environment
can be considered as two main components: cybernetic and physical. The stable development of cyber-
physics systems is an organizational and technical concept that is based on the integration of the physical
and informational space and defines the revolutionary aspect of Industry 4.0.

Within these two realities, products are manufactured which corresponds to certain descriptions,
specifications, recipes, regulations, procedures, and structural schemes. All of them together can be con-
sidered as a model of the process of creating one or another product. Data of this model are used in the
information (cybernetic) environment for planning production, monitoring, programming of controllers,
etc. In the course of production in the cyber environment, information actions (operations) with different
objects are used. Since the cyber environment is identical to the physical environment, physical actions
(operations) are performed in parallel with the same objects. This explains the fact that it is necessary to
change the methods of organization of production in the context of new technological changes. At the
same time, an adequate verification of the consequences of these changes can take place in a virtual envi-
ronment. And this, in turn, can provide a competitive advantage over the time of execution of works and
spent resources.

Tasks to solve. Improvement of cyber-physics systems provides the opportunity to solve problems
of modeling production based on reliable data, obtained in real time. Achieving the results will help to
make effective managerial decisions at all levels and avoid critical human-factor mistakes. Therefore, it
is necessary to develop and implement topical methods of data analysis and machine learning that will
allow the creation and implementation of higher level automation systems that can include descriptive,
diagnostic and predictive analytics.

The essence of the study. As the first example, the main section of the bakery industry, where the
dough process is taking place, was considered. From this point the quality of bakery products begins. The
main unit of this process is a kneading machine. Many programs can be used to dip a dough on such a
machine. They take into account different properties of raw materials, among which the flour is the main
indicators: gauge deformation meter, amount of raw gluten, number of falls, humidity, whiteness of
flour. The chosen program should help to achieve the highest quality of the structural properties of the
dough to ensure a stable high quality bakery products and minimize the cost of raw materials. When de-
ciding on the choice of the required program, a human factor is very necessary. And this affects its accu-
racy and creates dependence of economic results of the enterprise on the actions of one employee. So
there is a need for intellectual support or full automation of the process of choosing a dough machine
program. For the conduct of intellectual analysis, namely the cluster, flour quality indicators were pro-
vided from the laboratory of the bakery enterprise. The analysis of the flour should allow the selection of
optimally constructed technological steps for the production of quality products.

Information that can be obtained as a result of cluster analysis will greatly help improve the quality
of bakery products by developing for each group of indicators of quality, a certain technology of knead-
ing dough. Such information can not be obtained without the help of a software tool that performs intel-
lectual analysis.

A new software module, Zhy & Bor [1], was developed to provide a stable choice of the most ef-
fective options for management solutions in the operation of complex objects. He implements the ad-
vanced data clustering procedure based on the k-means method, and his distinctive feature is the algo-
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rithms for automatically calculating the number of clusters and determining the positions of the initial
centers of clusters (centroids) (Fig. 1,2).
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Fig. 1. - 3D model of clustering result.
K16 Kn.s K7 Kt 4
Hudp Kom- Kas-eo  Huemo Hud FKon- Kag-so  Yuemo Hed Kor- Kaw-so  Ymedo Hud Kom-  Kas-eo  Ymemo
BO CHIp.  TafeHIf, BO CHIp.  MajeHmuid, BO CBID.  MageHmHA, BO CHIp.  TageHHs
CBIp.  KIefik., c CHIP.  KIefiK., & CHID.  EJEiK., @ CRIp.  K7efik., c
xnefix.  HIK, wreiik,. HIOK, xneiik.  HIOE, wrefix. HIOK,
% v.e. % v.e. % V.. % y.e.

1 24 45 402 6 24 50 390 31 27 65 354 33 24 60 373
2 24 45 409 18 25 50 378 32 27 65 301 34 24 6o 369
3 24 45 402 19 25 50 363 37 27 6o 421 35 24 6o 373
4 24 50 413 20 ag 50 363 40 2y 6o 441 36 24 60 369
5 24 45 410 21 25 50 373 45 27 65 415 38 24 6o 374
7 25 50 449 22 25 50 373 49 28 65 457 39 24 6o 374
8 25 50 449 23 24 50 364 50 28 63 426 41 24 55 373

Fig.2 - The result of clustering in tabular form.

The second example of demonstrating the benefits of developing a software module was the im-
plementation of a full-featured experiment (FFE) [2] to optimize the prescription composition of a probi-
otic cosmetic product for tonicity of oily skin; development of technologies of serum fermented beverage
and serum jelly with the use of herbal extract of the aronia of an amphibious sanitary purpose; develop-
ment of technologies of dairy products for pregnant women feeding, enriched with extracts of echinacea,
cranberries, sea buckthorn, etc.

Since the description of the behavior and prediction of the state of objects is complicated by the
lack of a sufficient number of mathematical models, in some cases, a simple way out of the situation is
the use of regression patterns. The advantage is the ability to describe any object with full compliance
with the algorithm of the active experiment. Experiments, as a rule, are multifactorial and related to the
optimization of the quality of materials, the search for optimal conditions for conducting technological
processes, the development of the most rational structures of equipment, etc. FFE is the most easily im-
plemented among many methods of active experiment. When using FFE, the goal of a researcher is to get
a linear mathematical model of the process and determine with the subsequent strategy of conducting the
experiment. Finding a model of FFE consists of: a) planning and conducting an experiment; b) check
reproducibility (homogeneity of sample dispersions); c) obtaining a mathematical model of an object ve-
rifying the statistical significance of the sample regression coefficients; e) checking the adequacy of the
mathematical description.

FFE was implemented as a software module, which allows you to receive mathematical models
(response functions), using from 2 to 5 factors and from 2 to 10 repetitions of the experiment. A greater
number of factors is not feasible, because already at 5 factors and 10 repetitions it is necessary to conduct
320 experiments. In fig. 3-7 the results of the module work are presented on the example of optimization
of the process of extraction of biologically active substances from the fruits of the aronia of black-and-
white cottage cheese. The indicator of biological activity depends on two factors: the temperature of
cheese whey and the duration of extraction.
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¥pOBeHb ZaBUCMMOCTL KOAMPO-

WaKTOpbI = = = VHTEDBAN b o6 pHOCTD | BAHHOM NEDeMEHHOR
BepxHuit HumHmid | OcHoBHOWMA (LeHTp) | BaPbUPOBaHWA OT HaTypanbHOA
Zy &0 40 50 10 °C %1=(Z2-50)/10
Zz 50 20 40 10 MHH, ¥e=(Zz-40)/10

Fig. 3. Terms of conducting FFE

Howmep |TOPAAOK BapbipOBaHAA | MOPAACK BaPbAPOBAHIA

T thakTopoe B3aMMO A RACTEWNA (REEP T EEIE ¥,
pPUMBHTA X1 X2 X1X2 Yiu Y2u
1 - - + 80.1 799 80
z + - - 716 715 71.55
3 - + - 516 51.8 51.7
4 + + + 49,9 50.1 a0

Fig. 4. The matrix of the planning of the experiment and the results of experiments.

JAvcnepcya BocnpovsB0AMMOCTH: 82{,,} = 0.008
CpeaHee KBaapaTMYECHOE 0THAOHeHWe KoathdwUrWeHToB: Skoap &= 0.04472
M3 Tabnvu pacnpeaeneHa CTbHOAEHTA ND Y4CAy cTeneHed ceoboabl = 4,
Npy YpOBHE FHAYMMOCTH 0 = 0.05 HaxoaMM Ly, = 2.77645
CpaBHYBaEM NOAYYEHHOE 3HAUYEeHWe Epj = typ Skoag ~ 0.12416
¢ KoatrureHTamy ypaBHeHWA perpeccud |bil > ehi
Bee koo HIHEHTE He ¥ A0BAeTEOPAOIIHE JaHHOMY YCAOBHIO BEASAAITCA .

Fig. 5. Verification of reproducibility and statistical significance.
A Y(X1,X2) = 63.31 -2.54°%; -12.46°%; + 1.69-X; %>
AABKBATHOCTL MOAEM BUENOM Dy AeM ONpeAenaTh No KpuTepuio @uwepa Fpacy < Frag
FHCNEPHMEHTANBHOE FHAUEHHWE F-HpWTEpWA (KpWTepua Dyepa) pagHo: Fpacu = Sza a J 82{,} 72 0.0125,
rae avcnepcqa ajleHBaTHOCTH MOAENM (OCTaTouHan avcnepcua) Sza A= 0.0001

Mz Tabnmuy pacnpeeneHqa MuUepa No Y4cay cTeneHed ceobopbi: i = 1w B = 4,
np4 YPOBHE 3HAUMMOCTH o = 0.05 HAaX0AMM TabAMUHOE 3HAUEHME KpuTepua Muwepa: Frgg = 7.71

Fig. 6. Obtaining the mathematical model of the object and checking its adequacy.
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Fig. 7. Dependence of the indicator of biological activity.

Conclusions. The first example creates the preconditions for the development of a management al-
gorithm, which, after entering the data of flour quality indicators, can automatically implement a certain
technology of kneading dough. The control actions will be performed due to changes in the direction of
the spiral, the direction of movement, the speed of the spiral, the speed of the bowl, the time of kneading,
the temperature of the leaven.

In the second example, the analysis of the results of the data shows that the optimal parameters of
extraction of biologically active substances from the fruits of the aronia are: the extraction temperature is
40 °C, the time is 30 minutes. The indicator of biological activity is 80 units. act.
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