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The article proposes a composite geometric method for analysis of
information in Big Data sets at the stage of their primary processing and
“cleaning”. The method is based on the methods of the Baluba-Naydysh point
calculus is a preparatory stage when using the structural geometric modelling
of Big Data.

For effective analysis of Big Data, it is important to use appropriate
sorting algorithms by number in certain clusters (groups). In each cluster, the
points of the database have the same (within a certain tolerance for deviation),
characteristics-coordinates that define them. Using clusters with a large number
of points, you can determine the course of the process, identify trends in its
development. Clusters with a relatively small number of points, as a result of the
analysis, can be excluded from consideration, as those that do not significantly
affect the development of the situation. The representation (of objects) of any
database in the form of points that have, in quantity and quality, coordinates,
fully correspond to their properties and characteristics, we will call
compositional geometrization of Data.

Data properties can be completely different in nature and content. During
the geometrization of the database, two coordinate systems are applied
simultaneously by the methods of compositional geometric modeling. The first is
a three-dimensional coordinate system of object space in which the process
flows. In this case, a fourth coordinate is added - this is the change in time. The
second is the n-dimensional coordinate system of the parameter space, in which
the coordinates of the database elements are determined, the properties and
characteristics of each element are parameterized.

The Data geometrization process greatly simplifies the next stage of work
- the development of compositional geometric models. In particular, the minimal
use of machine resources when working with Big Data significantly reduces the
cost of obtaining valuable conclusions and forecasts.

Keywords: Big Data, cleaning, primary processing, point BN-calculus,
compositional method of geometric modelling.
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Formulation of the problem. Efficient use of big data opens up great
opportunities for any business. At the same time, inaccurate or incorrectly
processed information can lead to erroneous decisions. In this sense, it is
important to "clean up" the data, aimed at identifying errors and inconsistencies.

The solution to the problem of “"cleaning™ large data sets of different
nature and origin from errors, duplication, "noise”, as well as their initial
analysis will be greatly facilitated by the development of effective methods of
working with data. These methods will involve formalizing and comparing
information from different large databases.

Existing data cleaning tools are the lack of interactivity when the
conversion is performed in a batch process without feedback. Data often have
many "nested discrepancies” that are difficult to detect. Both data conversion
and mismatch detection require user effort, which complicates the cleaning
process and reduces its quality.

With the advent of a new geometric apparatus of point BN-calculus [1]
and developed on its basis by the compositional method of geometric modeling
[2], it became possible to geometrically analytically formalize large amounts of
data of different nature. The advantages of the geometric method of analytical
formalization are universality, simplicity of algorithmization and conciseness
[3]. Therefore, the development of methods of compositional geometric analysis
for the primary processing of large data sets is an urgent problem, the solution of
which will allow more efficient, better analysis of large data.

Analysis of recent research. In most cases, the cleaning and initial
analysis of large data sets of different nature and origin are based on data
profiling and data mining [4]. Methods specially developed for big data are
used: Cleanix, SCARE, KATARA, BigDansing [5]. These methods provide a
systematic approach to standardization of representation, elimination of
duplicates, detection of anomalies and removal in "dirty" databases. They
include the following stages: data processing, data processing, validation and
verification of data. The methods are quite complex and resource-intensive
when working with big data.

The use of a composite geometric method of data analysis, in our opinion,
will greatly simplify the work with large data sets, significantly reduce errors
and reduce the cost of computer resources in the initial processing of large data.

An approach to the purification of input data through their geometrization
Is proposed for the first time.

The aim of the study. To increase the efficiency of primary processing of
large data sets of different nature, we propose a composite geometric method of
big data analysis.

Main part. We use the Balyuba-Naidysh point calculus apparatus as a
base for our study. The elements of any database can be represented as points,
which are determined by the number of coordinates k = 1, n, either in the object
space or in the parameter space.

For effective analysis of big data it is important to use appropriate
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algorithms for sorting by number in certain clusters (groups). In each cluster, the
elements-points of the database have the same (within a certain tolerance for
deviation), the characteristics-coordinates that define them. Using clusters with a
large number of points, you can determine the course of the process, identify
trends in its development. Clusters with a relatively small number of points, as a
result of the analysis, can be excluded from consideration as those that do not
significantly affect the development of the situation.

Representation of elements (objects) of any database in the form of points
that have, in quantity and quality, coordinates that fully correspond to their
properties and characteristics, will be called composite geometrization of data.
Data properties can be completely different in nature and content.

Note that each element of any database has properties and characteristics
that may differ in their parameters from other related elements of the same
database. Accordingly, the points corresponding to these elements (which are
obtained as a result of geometrization of these elements) will have different
numbers of coordinates in the n-dimensional space of parameters, where these
characteristics are geometrized.

Composite geometric modeling (CGM) involves, when creating a
composite model, the simultaneous use of points with different numbers of
coordinates.

Therefore, the different number of coordinates at the points that
geometrize the elements of the database is not an obstacle to the creation of
models by the methods of composite geometric modeling. Unlike CGM,
existing methods of geometric modeling require the same number of coordinates
at the basis points. The base points discretely, in the form of the original
geometric figure, represent the course of the simulated process.

During the geometrization of the database by the methods of composite
geometric modeling, two coordinate systems are used simultaneously. The first
is the three-dimensional coordinate system of the object space in which the
process takes place. In this case, the fourth coordinate is added - it is a change of
time. The second is an n-dimensional coordinate system of the parameter space,
which determines the coordinates of the database elements, which parameterize
the properties and characteristics of each element.

These two coordinate systems of the object three-space and the n-space of
parameters are interconnected through the application of a simple relationship of
three points. This relation is the basis for both the point calculus of Balyuba-
Naidysh and for compositional geometric modeling. In this case, changes or
even replacements of points in one coordinate system do not entail any changes
in another coordinate system. If it is necessary to replace the individual points of
the input geometric figure, which entail changes in both coordinate systems, the
created, composite geometric model remains unchanged. This is possible due to
the fact that in the formula records of composite geometric models, the basis
points are always recorded separately from the parameter records, which ensure
the continuity of the composite geometric model.
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The process of data geometrization greatly simplifies the next stage of
work - the development of composite geometric models.

Here is an example of one of the possible options for geometric analysis
of the input database. Let some database be geometrized, as a result of which we
have a finite set of points containing millions of points - N. Depending on the
course of the studied process continuously, or on each of its segments, the
maximum N, and minimum Ny, points are determined (Fig. 1).

There is a point O - the center of concentric circles:

Nmax + Nmin
5 .

Figure 1 shows three circuits. However, depending on the requirements
for database analysis, such circles may be more or less. As you can see (Fig. 1),
the center O is on the line segment (Nmax Nmin). The points Ny« and Npi, can be
located anywhere on the outer circle.

Fig.1. Scheme for a geometric way to remove erroneous data and noise

The three circles -1, 2, 3 are divided into all database points into three
classes, which are detected by comparing the distance | from the center to the
current point with the length of the radius R of the corresponding circle.

For all points of class A there should be I; < Ry, for all points of class B
there should be R; <I,<R; and for all points of class C there should be R, <I3<Rs.
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The outer circle has R; = const. The radii R; and R, can be changed,
respectively, in the range: 0 < R; < Ry; R; < R, < Rs. By varying the radii R; and
R, you can change the number of points in classes A and B. Such changes are
made based on the requirement to analyze the input data. Reducing the
difference R3-R,, we can determine the class C, in which only erroneous data
and noise components will remain. Noise includes random objects that have
been captured and entered into a database.

Note that for each date set you need to develop a separate method of
geometrization of its elements, which is a difficult task. In some cases, it is most
effective to apply the method of geometrization of input data immediately at the
stage of formation of the primary database. As an example, the signal from the
sensor can enter the data warehouse in a geometrized form.

Therefore, data processing using a composite geometric method of
information analysis, when database elements are presented in the form of
multidimensional points (in terms of composite geometric modeling), is quite
efficient because it is carried out by simply comparing modules of distances
from center to current points and radius , which defines the boundaries of the
class. The geometric method of compositional analysis eliminates the use of
complex algebraic operations, which are part of the algebraic methods of input
data analysis, and which are always more resource-intensive than geometric
methods. This is especially important when working with large data sets, where
millions of iterations are performed at each stage of the analysis. Therefore, the
effectiveness of the calculation methods used is a key success factor in big data.

Another feature of working with big data is their heterogeneity. Often the
data comes from different sources, have different physical nature and meaning.
The data format is not only numerical but also, in particular, text, graphic, video,
audio, etc.

The real value of big data results directly depends on the integration of
different types of data sources and their large-scale analysis. Combining
different data streams has a synergistic effect, already significantly increases
their value, even before their analysis.

Methods of compositional geometric analysis make it possible to
geometrize heterogeneous database elements. In addition, composite geometric
models can simultaneously contain the basis points of the input geometric figure
with a different number of coordinates of the n-dimensional space of parameters
obtained by geometry of heterogeneous database elements.

Under these conditions, the geometrization of input data of any nature and
from any source, leads the data to a single format in terms of the proposed
compositional analysis. Such geometrized data is convenient to analyze, build
models using the compositional method of geometric modeling. For a large
enterprise or organization, this makes it possible to most effectively find non-
obvious dependencies in the arrays of big data, make predictions and provide
information-based recommendations for appropriate management decisions.
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Thus, the application of composite geometric analysis of information will
have the maximum economic effect when applied in the field of data science in
general, and in the field of big data in particular.

Conclusions. A new approach to the primary processing of large data sets
of different nature is proposed, namely: composite geometric method of big data
analysis. It involves the representation of the elements of the input database in
the form of multidimensional points of the n-space of parameters. An example
of an algorithm for applying a geometric method to remove erroneous data and
noise is given.

The application of the developed geometric method at the preparatory
stage of development of composite geometric models is perspective.

The economic effect of the introduction of the proposed method of
preparation and “purification” of data is based on the advantages of the
compositional method of geometric modeling. In particular, the minimal use of
machine resources when working with big data significantly reduces the cost of
obtaining valuable conclusions and forecasts. This makes them available to a
wide range of relatively small businesses.
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KOMHO3I/IHI}71HI/IE71 T'EOMETPUYHUU CIIOCIB AHAJI3Y
TH®OPMAIIII TA HOI'O 3ACTOCYBAHHS ITPU POBOTI 3
BEJIMKUMU JAHUMU

Bepemara B.M., Anonbes €.0.

YV cmammi 3anponoHo6anHo KOMNO3UYIUHUL 2e0OMempudHUll Cnocio
ananizy inghopmayii' y eenuxux oama cemax Ha emani ix nepsuHHoi 06pobKu ma
«ouuwennsay. Cnocib 6asyemvcsi HA Memooax MouKko8020 ducienHs banoodu-
Haiiouwa ma € niocomosuum emanom npu 3acmocy8aHHi KOMHOZUYIUHO2O
Memooy 2eoOMempudHO20 MOOEN0BAHHS GeauKux oanux. /[ eghexmusHoco
AHani3y GeNUKUX OAHUX BAdCIUGe 3ACMOCYB8AHHS BIONOGIOHUX ANCOPUMMIE
COpMYBAHHS 34 KIILKICMIO y NeGHUX Kiacmepax (epynax). ¥ xoocHomy knacmepi
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eleMeHmu-mouKku 6asu OaGHUx Maroms 0OHAKOSL (Y MeHcax 8U3HAYEH020 OONYCKY
Ha  BIOXUNIEHHA), XAPAKMEPUCMUKU-KOOPOUHAMY, WO IX  BUSHAYAIOMb.
Buxopucmosyrouu kracmepu 3 8e1uxoro KilbKicmio mo4oK, MOICHA GUHAYUMU
nepebic npoyecy, 8usA8UMU mMpeHou to2o po3eumky. Knacmepu 3 8i0HOCHO
HeBeNUKOIO KINbKICIO MOYOK, 8 Pe3yIbmami auaiizy, MoiCyms 0ymu UKIIOYEH]
3 po3zenady, AK maki, wo He 6NIUBAIOMb CYMMEBO HA PO3BUMOK CUMYayii.
llooanns enemenmis (00 ’ekmig) 6yOb-axoi 6a3u Oanux y uensidi Mouox, sKi
Marmop, y KibKOCMi ma AKocmi, KOOpOuHamu, wjo y NOGHill Mipi 8i0n0gioams
ix enacmusocmsam ma xapakmepucmuxam, O6yoemo HA3UBAmMu KOMHOZUYILHONO
eeomempu3zayicto 0anux. Bracmusocmi danux modcyme Oymu 2emv pisHUMU 3a
cymmiwo ma 3micmom. I1i0 uac eeomempuszayii 6asu Oanux memooamu
KOMNO3UYITIHO20 2e0MEeMPUYHO20 MOOENI08AHHS 3ACMOCO8YIOMbCS 00OHOYACHO
08I cucmemu xoopounam. llepwa — ye mpusumipna cucmema KOOPOUHAM
06°eckmHo20 npocmopy, y Akomy 6i0oysacmuvcs nepebic npoyecy. llpu yvomy,
oodaemvcsi wemeepma Koopounama — ye 3mina uacy. [pyea — ye N-mipha
cucmema KoOOpOuHam NpoOCmopy napamempis, y AKiU  GU3HAYAIOMbCS
KOOpOouHamu enemenmie 0a3u Oanux, SKI napamempusyloms 1acmueocmi ma
Xapakmepucmuku  KodxcHoz2o enemenmy. Ilpoyec ceomempuzayii  OaHux
Habazamo cnpowjye HACMYNHUU eman pobomu — po3POOKYy KOMNOSUYIUHUX
2eOMempudHUX Mooesel. 30Kpema, MIHIMAlbHe BUKOPUCMAHHA MAWUHHO2O
pecypcy npu pooomi 3 eIUKUMU OAHUMU SHAYHO 30€ULe8NI0E OMPUMAHHS YIHHUX
BUCHOBKIB Ma NPOCHO3IE.

Knrouosi cnosa: eenuxi Oami, ouuwenHs, nepeuHHa ob6pPOOKA, MOUKOGe
BbH-uucnenns, KomnosuyitiHuii Memoo 2eomMempuiHo20 MOOeN08aAHHS.

KOMIIO3UIIMOHHBIA TEOMETPUHYECKHUI CIIOCOB AHAJIN3A
HH®OPMAILIMU Y ETO IPUMEHEHME ITPU PABOTE C
BOJIBIIUMU JTAHHBIMHA

Bepemara B.M., AnonbseB E.A.

B cmamve npednoscen KOMNOZUYUOHHBIN 2eoOMempudeckKull cnocoo
ananuza ungopmayuu 6 OoIbWUX Oama cemax Ha smane Ux NepeUyHoOU
oopabomku u «ouucmkuy. Cnocob Oazupyemcs Ha Memooax mo4eyHo2o
ucuucnenus banoovl-Hatioviwa u s61semcs no020mosumenbHvlM SManom npu
UCNONL308AHUU KOMNOZUYUOHHO20 MEMO0d 2e0MempUlecko2o Mooeiupo8aHus
oonvuux OawnHvlx. s aghgexmusnoco ananuza OOILUUX OAHHBIX BANHCHO
npUMeHeHUue COOMBEeMCMEYIOWUX Al2OPUMMO8 COPMUPOBKU NO KOIUYECmE) 8
onpeoeneHubiX Kiacmepax (epynnax). B xascoom knacmepe 2nemenmul-mouKu
0a3zvl OAHHLIX UMEOM O00UHAKOBblE (8 Npedenax OnpedeleHH020 00NYCKA Ha
OMKJIOHEHUe), XapaKmepucmuKu-KoopoOuHamol, KOMopble Ux Onpeoeiston.
Hcnonvzys knacmepvi ¢ 6016uUM KOIULECTNBOM MOYEK, MOICHO ONpedeums
X00 mpoyecca, 8viagums mpeHobl e2o pazeumus. Kiacmepor ¢ omnocumenvro
HeOOIbUWUM KOIUYEeCMBOM MOYeK, 6 pe3ylbmame aHaIusd, Mo2ym Ovimb
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UCKTIOUeHbl U3 PACCMOMPEHUsl, KaK makxue, KOmopule He G1UiOm CYUWecmEeHHO
Ha pazeumue cumyayuu. I[Ipedocmasnenue (06vexkmos) n060i 6a3bl OAHHBIX 8
8Ude MoueK, Komopwvle UMEIOm, 6 KOIuuecmee u Kavecmee, KOOPOUHAMbI, 8
HOJHOU Mepe COOMBEemCmEYIOm UxX CEOUCMEAM U Xapakmepucmukam, 06yoem
HA3b18aMb KOMHO3UYUOHHOU 2eomempusayuel Oannwvix. Cgoticmeéa OaHHbIX
Mo2ym Oblmb COBEPUIEHHO PA3HLIMU NO CYmMu U cooepicanuro. Bo epems
eeomempuzayuy 6azvl OAHHLIX MEMOOAMU KOMNOSUYUOHHO20 2e0MemMPU1ecKo20
MOOENUPOBAHUS NPUMEHAIOMCSA  OOHOBPEMEHHO 08€ CUCmeMbl KOOPOUHAM.
Ilepsas - smo mpexmepnas cucmema KoOpOUHAmM 00bEKMHO20 NPOCMPAHCMEA,
8 KoOmopom npoucxooum meuenue npoyecca. Ilpu smom, Oobasrisemcs
yemeepmasn KOOPOUHAma - Mo usMeHenue spemenu. Bmopas - smo n-weprnas
cucmema KOOpOUHaAm npoCmMpancmea napamempos, 8 Komopoul Onpeoensiomcs
KOOPOUHAMbL DJIeMEeHMOo8 0a3bl OAHHLIX, NAPAMEMPUIUPYIOM  CEOLCEA U
xapakmepucmuku Kadxcooco 3nemenma. Ilpoyecc ceomempusayuu OaHHbIX
HaAMHO20  ynpowjaem  credylowjuti — sman  pabomsl -  paspaboOmKy
KOMNO3UYUOHHBIX 2eoMempudeckux moodeneu. B uyacmumocmu, MuHumanvHoe
UCNONIb3068AHUEe MAWUHHO20 pecypca npu pabome ¢ OOTbUWUMU OAHHBIMU
3HauUUMeNbHO yoeulesisiem noyyeHue YeHHbIX 8160008 U NPOSHO308.

Knrouesvie cnosa: 6onvuiue Ooanmnvie, ouucmka, nepeuunas oopadomka,
moueynoe BH-ucuucnenue, KOMNOZUYUOHHBIL MEMOO 2e0MEeMpPUYECKO20
MOOeNUPOBAHUSL.
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