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Abstract

Objectives. The aim of information support for management decision-making is to find the most optimal option.
Cluster analysis of multivariate data characterizing socioeconomic systems is widely used. In this work, the author
aims to increase the efficiency of decisions made to manage these systems based on the clustering of temporal
multidimensional data.

Methods. The methods of cluster analysis were used, as well as the provisions of the theory of systems and
mathematical statistics.

Results. A methodology for analyzing the functioning of socioeconomic systems was developed. The analysis
is implemented in three stages. Firstly, clustering over the values of feature variances was applied. Secondly, the
distance of clustering objects from the center of their cluster and their dispersion was calculated at the points of time
coordinates. Thirdly, the change in belonging to a certain cluster of objects that came into view earlier was monitored.
Unstable systems were then identified.

Conclusions. Two cases were considered to justify the effectiveness of the methodology developed herein. First,
using the example of the tax administration, the detection of deliberate distortion of information was considered.
Secondly, identifying the abnormal functioning of the regions of the Russian Federation using the example of decision-
making in the framework of socioeconomic development management was considered. The analysis demonstrated
good results and we can thus recommend the proposed methodology for practical use in information systems for
supporting management decisions.
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Pesiome

Uenun. MHdopmaumoHHas nogaepxka NpuHATUS yrnpaBieHYeCkMX PeLleHnin B pasnyHbiX NpeamMeTHbIX 001acTax
Hamnpas/ieHa Ha NMOUCK ONTMMalbHOIO BapuaHTa U3 MHOXECTBA aNlbTEPHATUBHbIX. YTO KacaeTcs NpuHUMaeMbIx pe-
LUIEeHUI B HacTu PYHKLIMOHNPOBAHUSA COLMAbHO-3KOHOMUYECKNX CUCTEM, TO 3[ECH LUMPOKO UCMNOMNb3YeTCs KNacTep-
HbIi @aHANM3 HA MHOTOMEPHbIX JAaHHbIX, XapakTepU3yoLLMX 3TN CUCTEMBI, Lienb paboTbl — CUHTE3 1 UccnesoBaHne
MEeTOANKM aHanu3a GYHKLUNOHUPOBAHUSA COLMANbHO-39KOHOMUYECKUX CUCTEM, NMOCTPOEHHOrO Ha KnacTepusaunmn
XapakTEPUIYIOLLINX UX BPEMEHHbIX MHOFOMEPHbIX AaHHbIX, C LEsbio MOBbILEeHUS 3PPEKTUBHOCTM NPUHUMAEMbIX
pPeLLeHn B ynpaBneHnun TakuMmnm cucteMamm.,

MeToabl. Vicnonb3oBaHbl METOAbI KNACTEPHOIO aHanM3a, a TakXe MNoJIOXKEHU TEOPUX CUCTEM U MaTeEMaTUYECKOM
CTaTUCTUKMN.

PesynbTaTthl. PaspaboTtaHa meToamka aHanmsa GyHKLUMOHUPOBAHWS COLMaNbHO-9KOHOMNYECKUX CUCTEM, UCTOJb-
3yloLLasa KnacTepusaumio ee CTPYKTYPHbIX 9N1IEMEHTOB B MPOCTPAHCTBE BPEMEHHbLIX MHOFOMEPHbIX JAaHHbIX. AHANN3
peanunayeTcs B Tpu aTtana. Bo-nepsbix, Npon3BoaMTCS 3aMeHa 3Ha4YeHU NPU3HAKOB Ha 3HAYEHUS UX ONCMEPCUA
B pamMKax MccreayemMoro BpeMeHHOro nHtepeana. Knacrepmsaums ¢ y4eTOM HOBbIX 3HA4YEHUM NPM3HAKOB NO3BONSA-
€T BbISIBUTb 0OBbEKTbI KSlTacTeEPU3ALINU C BbICOKON HEYCTOMHYMBOCTbIO 3HAYEHUI NPU3HAKOB BO BpeMeHU. Bo-BTOPbIX,
peannayeTcs Knactepmnsaums Bo BCEX ANCKPETHbIX TOYKaX BPEMEHHOM KOOpAMHATbI C AaflbHENLLINM pacy4eToM yaa-
JNIEHHOCTEel 00bEKTOB [0 LIEHTPa CBOEro Kiactepa U Ux aAucnepcun. AHanns3 aTux ANCrnepcuii Takxe no3BossieT Bbl-
ABUTb 0OBLEKTbI C BbICOKOW HEYCTOMYMBOCTbLIO AaHHbIX. B-TpeTbux, oTcnexmnsaeTcs nM3MeHeHne NpuHaanexHocTn
onpeneneHHoMy Knactepy oObekToB, NOMNaBLLIMX paHee B Nofe 3peHus. BbiaBNeHHblIe HEYCTOMYMBOCTU B AaHHbIX
NMO3BONSAOT KOCBEHHO CYAUTb O HECTAOUIbHOM DYHKLUMOHNPOBAHUM aHANIM3UPYEMOM CUCTEMBI U YMbILLNIEHHOM
MCKaXeHun npeacTaBneHHoOn MHpopMaLmi.

BbiBOAbI. B pamkax 060cHOBaHNA 3 PEKTUBHOCTU pa3paboTaHHO METOANKM PACCMOTPEHO ABa CllyyYas: BbigBe-
HME YMBILLJIEHHOIO UCKaXeHUst MHpopMaLMN Ha MPUMEPE HaNIOroBOro aaAMMHUCTPUPOBAHUS U Clly4ail BbiiBNEeHUs
aHoOManbHOro MYHKLUMOHUPOBAHNA perMoHoB Poccuiickon depepaumn Ha NnpuMepe NPUHATUS PELLIEHUI B pamMKax
ynpaBfeHns Nx CoLuanbHO-3KOHOMMYECKMM Pa3BUTUEM. [OBEAEHHbIN aHaNn3 Nokasan XopoLune pesynbTaTthbl U No-
3BONIIET PEKOMEHO0BATb NnpeasaraeMyto MeToAMNKY K NPakTU4eCKOMY MCMOTb30BaHMIO B MIHPOPMALIMOHHbLIX CUCTE-
Max NoaaepXKu yrnpaBieHYeCKNX PeLleHunin.

Kniouesble cnoBa: nHpopmaLmnmoHHaa noanepxKka, NpUHATUE PeLLEeHUI, KNacTEPHbIN aHann3, MHOrOMeEpPHbIe Bpe-
MEHHble JaHHble

Ana uutnpoBaHus: AHdEpos M.A. Knactepm3aums MHOrOMEPHbLIX BPEMEHHbLIX OAHHbIX B pamkax WHoopmaum-
OHHOM NOoAAEPXKU MPUHMMAEMbIX YrpaBleHYeckmnx peleHunn. Russian Technological Journal. 2026;14(2):7-16.
https://doi.org/10.32362/2500-316X-2026-14-2-7-16, https://www.elibrary.ru/VCTFHE

MpospavyHocTb pUHAHCOBOM AeATeNbHOCTU: ABTOP HE MMeeT GUHAHCOBOW 3anHTEPECOBAHHOCTM B NMPeACTaB/IeH-
HbIX MaTepmanax unm MeToaax.

ABTOp 3aaBnseT 00 OTCYTCTBUM KOHPIMKTA UHTEPECOB.
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INTRODUCTION

Cluster analysis [1], as an effective mechanism of
intelligent information technologies, is used in resolving
a wide range of tasks related to decision-making in
various subject areas. In the public administration, for
example, it can be applied in developing socioeconomic
policy at the regional level [2, 3], in tax regulation [4, 5],
in the fields of education [6] and medicine [7, 8],
computer science [9, 10] and information security [11],
and in the field of mechanical engineering [12, 13].
A wide range of studies have addressed management
processes in the economic sphere when solving
decision-making problems. Examples of these are
investment processes [14], assessing the financial
stability of information technology (IT) companies [15],
and others. In addition to management decision-making,
cluster analysis is also used to support project decision-
making [16, 17].

However, all of the examples given above apply
static (spatial) data obtained at a specific point in time.
On the other hand, analysis which takes into account
the dynamics of the properties of objects reflected in
the data enables the capabilities of cluster analysis to be
expanded in support of management decision-making.

It is worth noting the research being implemented in
this area. Firstly, there have been studies of the clustering
of one-dimensional [18, 19] and multidimensional [20]
time series which increases the efficiency of clustering,
but not decision-making. The same goal is being pursued
by the transition from the time domain of data to a two-
dimensional discrete function [21] using continuous
wavelet transformation [22]. The inclusion of the time
parameter in the feature space during clustering [23]
enables the dynamics of the state of the analyzed objects
to be expressed. The clustering of objects as dynamic
systems has also been studied in [24, 25].

More in-depth analytics are based on identifying
patterns in the dynamics of clustered objects through
the dynamics of time series data. Thus, the expansion
of analytics is based on an approach which involves
clustering objects based on the proximity of the dynamics
of time series of a set of indicators characterizing
them [26]. In this case, a range of metrics and methods
for assessing such proximity are analyzed and
compared, including the dynamic time warping (DTW)
algorithm [27]. The study of the dynamics of cluster
structures in network models of stock markets has made
it possible to identify an indicator of an impending
crisis in the form of an increase in the stability of these
structures [28].

In this study, information support for management
decisions is based on an analysis of the hidden
influence of factors on the behavior (function) of
the system (Fig. 1). If the explicit influence directly

determines the decision being made, then the hidden
influence requires identification using modern analytical
tools and information technologies, as well as an
adequate interpretation of the results obtained.

Hidden Indirect
4 ”| exposure | assessment”
|<2 Impact on — Decision-
O |thesystem making
E Obvious Direct
exposure assessment

Fig. 1. Consideration of the impact of factors
on the system when making decisions

At the same time, the hidden impact of factors on the
system being analyzed is revealed through the variable
behavior of the objects under study in relation to the
clusters being formed. This variability may signal either
deliberate distortion of the data provided (e.g., in tax
returns) or unstable functioning of the system requiring
managerial intervention.

METHODOLOGY

The temporal data analysis used is based
on their clustering wusing the self-organizing
map (SOM) method [29]. This is within the framework
of the previously proposed approach and covers various
levels of depth of research into system behavior [30].
Kohonen SOM enable the qualitative component of
the analysis to be enhanced by visualizing the clusters
formed using map data. In the proposed methodology,
three data analysis tools are implemented to improve the
adequacy of the decision made.

The first tool is a filter to limit the power of the
analyzed set of features P}, = (p}» Py»--» Pl )» Which
depend discretely on the time parameter ¢ (k is the
number of objects in the clustered set, m is the number
of features). The values of the features are replaced
with the values of their dispersions within the time
interval under study (w is the number of fixed time
coordinates):

1

Dy =——>" (Pl P> Py =— 20k (1)
w=133 Wi=1

Further, clustering is performed in the space
of new features with the identification of objects
belonging to clusters with high dispersion values
associated with high instability of the values of the
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analyzed features. The objects identified are recorded
for further analysis as systems with unstable time data.
Objects with a high feature dispersion possibly caused
by a trend in their values, characterizing a positive
or negative trend, may also be noted. Additional
regression analysis is required for clarification (see
example below).

The second analysis tool is designed to identify
instability in the images of the clustered objects within
clusters and involves a series of steps.

In the first stage, clustering is implemented at all
discrete points of the time coordinate ( is the number of
the time coordinate). Next, the distance d; of the
kth object to the center of its cluster is calculated.

In the second stage, at each moment in time 7, the
variance of the values found in the first stage is calculated
as d; in the interval covering the current and previous
time coordinates:

1 < - I —
D,g:—_IZ(d,g—d,g)Z, F==Yd, r=2w. (2)
F=lia T =1

In the third stage, the temporal dependencies of the
dispersions (2) are displayed in the form of a diagram
which includes all clustered objects. The diagram enables
objects with unstable temporal data to be identified at
anew level.

The application of the third tool involves tracking
possible changes in the affiliation of a specific cluster
of objects previously in the field of view (Fig. 2). Such
changes allow us to indirectly assess (Fig. 1) the unstable
functioning of the system or deliberate distortion of
information. They also allow us to refine previously
obtained conclusions about objects which have fallen
into the risk group. For this purpose, diagrams are the
best way to express these objects.

Py
0o 0o
0 .. 0,0
e 0 9»x9
X 0 f
0 [ ] p,
4 4 1

Fig. 2. Clustering results dynamics

The second and the third tools can be applied in
different sequences, as well as in parallel.

Theinterrelationship between the stages implemented
within the analysis methodology is presented in a block
diagram of the corresponding algorithm (Fig. 3).

Temporal
multidimensional data

Clustering
on converted data

Dynamic clustering
with identification of the objects
with internal instability

Dynamic clustering
with detection of the objects
migrating between clusters

Fixing objects
that have gotten
into a cluster
with unstable data

Is clarification
required?

Is clarification
required?

Regression analysis
with identification of trends
in unstable objects and fixation
of problematic ones

Regression analysis
with identification of trends
in migratory objects, highlighting
problematic ones

Y e

<
<

\‘/

Comparative analysis of recorded objects and development
of recommendations for decision-making

Fig. 3. Method implementation algorithm
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DETECTION OF INTENTIONAL
DISTORTION OF INFORMATION

The application of the proposed analysis in
identifying the deliberate distortion of information is
demonstrated using the example of tax administration.
Here decisions need to be made about planning field
tax audits at taxpayer enterprises. It is initially assumed
that the aforementioned distortion allows with a certain
degree of probability (Fig. 1) the dishonesty of the
management of such enterprises to be assessed. The
selection of parameters (features) for clustering was
based on a number of preferences:

e availability of their calculation
statements;

e their correlation with bankruptcy risk (indicators
are reflected in the relevant methodology of
the Federal Insolvency Service under the State
Committee of the Russian Federation for State
Property Management);

e inclusion in Altman’s model [31].

As a result, sixteen financial indicators were
selected for the twenty companies analyzed. They
enabled an assessment of their solvency to be made
as well as the financial stability of their economic
systems, the profitability of their production, and their
business activity in terms of inventory turnover and
accounts receivable and payable. The dynamics of
these indicators were tracked over a period of eight
quarters.

Clustering in the space of new features (1),
according to the proposed methodology, allowed
for enterprises with high instability of initial data
values to be identified (enterprises with conditional
numbers 4 and 12). According to the clustering results,
they were isolated in their clusters.

The analysis of intra-cluster instability based
on the value of the variances (2) resulted in the
construction of a diagram (Fig. 4). The pattern of the
graphs in the diagram identified critical enterprises
with data instability, leading to abnormal behavior of

in financial

Df -
Enterprise 13

0.40 -
0351 Enterprise 12 Enterprise 2

0.304 Enterprise 4

0.251
0.20+
0.151
0.10+
0.051

2 3 4 5 6 7 8
t, quarters

Fig. 4. Dispersion dynamics (2) in enterprise analysis

Cluster label
> w
| |

t, quarters

Fig. 5. Migration of enterprise 4 between clusters

the graphs corresponding to these enterprises. At this
stage, the group of enterprises under review included
the previously noted enterprises 4 and 12, as well as
enterprises 2 and 13.

Migrations between clusters (the third tool of
the analysis methodology) were found to affect
enterprises 2, 4, and 12, as already been noted in
previous stages of the analysis. A graphical illustration
for enterprise 4 is shown in Fig. 5.

Thus, based on the results of the analysis, field tax
audits were recommended for enterprises 2, 4, and 12,
and, if possible, for enterprise 13.

IDENTIFYING SYSTEM
FUNCTIONING INSTABILITY

The application of the proposed analysis in
identifying abnormal systems functioning can be
demonstrated using the example of decision-making
in the context of socioeconomic development
management of the regions in the Russian Federation.
The analysis used key indicators characterizing the state
of the regional socioeconomic system! for the period
from 2014 to 2020 (a period of steady progressive
development). The volume indicators were converted
to relative values by dividing them by the number
of employed people in the region. The Republic of
Crimea and the city of Sevastopol were excluded from
the analysis, since during this transitional period their
socioeconomic systems were on the path to stabilization.
Moscow, the Moscow oblast, and St. Petersburg, as well
as regional structures which are part of regions (e.g., the
Yamalo-Nenets Autonomous Okrug within the Tyumen
oblast), were not considered.

Unlike the case discussed above, where deliberate
data distortion was identified during dynamic cluster
analysis of system functioning, dispersion estimates
must take into account the possible trend of the relevant
indicators (system characteristics) which cause high
dispersion values.

In the example under consideration, when
clustering in the space of feature variances (1),
region 69 (Tver oblast) fell into the cluster of system

U Rossiya v tsifrakh: kratkii statisticheskii sbornik (Russia in
numbers: a short statistical collection). Moscow: Rosstat; 2020,
550 p. (In Russ.). ISBN 978-5-89476-488-7
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instability (high variance values). In order to identify
the presence of a trend, a regression analysis was
performed to identify the empirical dependence on time
of the indicator v = v(¢), as determined by the ratio of
the gross regional product (billion rubles) to the average
annual number of employed population (thousand
people) (Fig. 6). The high value of the coefficient of
determination R? indicates a stable positive trend for this
characteristic. This allows us to exclude this region from
the cluster of unstable regions. As for other indicators,
checking for trends in this region yielded positive
results. Thus, for the relative volume of goods shipped
from own manufacturing, a stable trend s = s(¢) with
a coefficient of determination R? = 0.77 was confirmed.

2 0.13

o

g 0.12 v=0.0087t - 17.421 ¢

2 0.1 R?=0.7968

=}

£ 005 :

= 0.09

5 0.08 4///‘,;""”' .

x 0.07 A

£ 0.06 : : : : : :

S 2013 2014 2015 2016 2017 2018 2019
t, years

Fig. 6. Trend of indicator v for region 69

In the case of a specific clustering object, there may
be cases where some indicators have a stable trend,
while others have a stochastic spread of values. In this
case, a heuristic assessment will be required to make
a decision.

Other regions classified as unstable (46 in Kursk
oblast, 23 in Krasnoyarsk krai, 51 in Murmansk oblast, and
76 in Yaroslavl oblast) are characterized by a high level
of stochasticity, making them candidates for increased
attention in terms of state socioeconomic regulation.

The diagram illustrating intracluster instability by
dispersion (2) (Fig. 7) showed abnormal behavior of
the graphs for the regions already mentioned above.
Regions 2 (Republic of Bashkortostan) and 11 (Republic
of Komi) were added.

At the stage of identifying migration between
clusters (Fig. 8), regions 65 (Sakhalin oblast) and
68 (Tambov oblast) were included in the analysis.

i 69
/ 76 2

2017 2018
t, years

2015 2016

2019

2020

Fig. 7. Dynamics of dispersions (2) in regional analysis

4
%3 65, R
© \\\ \ /\\\
@ 268 = @ ) 4
@
a1 = = = =
o 69
0 ‘ ‘ ‘ ‘
2015 2016 2017 2018 2019 2020
t, years

Fig. 8. Migration of regions 65, 68, and 69
between clusters

The absence of migration between clusters in
region 69 once again confirmed its high level of
socioeconomic development.

Regression analysis of the regions added showed that
the increase in dispersion (2) for regions 2 and 11 can
be largely explained by the positive dynamics of their
indicators (see the example for region 2 in Fig. 9 with an
acceptable R? value). In the case of regions 65 and 68,
their migration between clusters is determined by the
high level of stochasticity of economic indicators (see
the example for region 65 in Fig. 9 with a low R? value),
requiring measures to be taken within the framework of
state regulation.

v
]
3200050474, ~0.0002¢— 0.3084 [*
© 20.0045 | H2=oi78(1)/‘//‘
T 30,0040 e
S+ n
500035 .

LE—

> 5 0030 . mv=0.0002t - 0.3492
A e R2=0.6341(2)
5 T 0.0025 :

2013 2014 2015 2016 2017 2018 2019

t, years

Fig. 9. Trends in relative gross regional product:
(1) for region 65 (black triangles);
(2) for region 2 (blue squares)

Thus, based on the results of the analysis,
recommendations can be given on the development
of measures within the framework of state regulation,
aimed at improving and stabilizing the functioning of
the socioeconomic system in regions 46, 23, 51, 76, 65,
and 68.

CONCLUSIONS

The article presents an approach to information
support for management decisions in conditions of
uncertainty. This is achieved by means of an indirect
assessment of the impact of factors on the controlled
system using a method based on cluster analysis of
time series data. The proposed technology is focused
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on two classes of tasks: decision-making in conditions The proposed theoretical provisions have been
of possible deliberate data distortion; and when  tested in practice using real data to resolve matters of
detecting unstable functioning of the system being  concern to the tax administration and state regulation of
analyzed. the functioning of regional socioeconomic systems.
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