ISSN 2587-814X (print), ISSN 2587-8158 (online)
Russian version: ISSN 1998-0663 (print), ISSN 2587-8166 (online)

BUSINVESS

NEORNTAT

HSE SCIENTIFIC JOURNAL

Modeling of social and economic systems
0.D. Kazakov, O.V. Mikheenko

Transfer learning and domain adaptation
based on modeling of SOCIO-€CONOMIC SYSTEMS ..vvvvveneeeeeeeeeeeereennnnns 7
F.A. Belousov, I.V. Nevolin, N.K. Khachatryan

Modeling and optimization of plans for railway
freight transport performed by a transport operator....................... 21

, N.Yu. Sadikhova

The advantages of cognitive approach for enterprise
management in modern cCoNditions ...........cccceeeveviviviivirieiiieeeeennnn. 36

Data analysis and intelligence systems

M.B. Laskin

Multidimensional log-normal distribution

in real estate apPPIaiSalS........eeeeeeeeeeeiiieerieiiiiiiiieeeeeeeeeeeeeeeereerennennans 48
A. A. Ternikov, E.A. Aleksandrova

Demand for skills on the labor market
1o o S 1 BESCTo1 o) GO PO 64

Mathematical methods and algorithms
of business informatics

G.N. Zhukova, | Yu.G. Smetanin|, M.V. Ulyanov

About the possibility of determining the prefix
and suffix of a word by subwords of fixed length ...........cccccceeee..... 84

Vol. 14 No 2 - 2020

Publisher:
National Research University
Higher School of Economics

Subscription index
in the Rospechat catalog —
80870

The journal is published quarterly

The journal is included
into the list of peer reviewed
scientific editions established
by the Supreme Certification
Commission of the Russian Federation

Editor-in-Chief:
A. Golosov

Deputy Editor-in-Chief
S. Maltseva
Y. Koucheryavy

Computer Making-up:
O. Bogdanovich

Website Administration:
I. Khrustaleva

Address:
28/11, build. 4, Shablovka Street
Moscow 119049, Russia

Tel./fax: +7 (495) 772-9590 *26311
http://bijournal.hse.ru
E-mail: bijournal@hse.ru

Circulation:

English version — 200 copies,
Russian version — 200 copies,
online versions in English and Russian —
open access

Printed in HSE Printing House
3, Kochnovsky Proezd, Moscow,
Russia

© National Research University
Higher School of Economics



ABOUT
THE JOURNAL

2007 by National Research University Higher School of Economics (HSE), Moscow,
Russian Federation. The journal is administered by School of Business Informatics.
The journal is published quarterly.

B usiness Informatics is a peer reviewed interdisciplinary academic journal published since

The mission of the journal is to develop business informatics as a new field within both information
technologies and management. It provides dissemination of latest technical and methodological
developments, promotes new competences and provides a framework for discussion in the field of
application of modern IT solutions in business, management and economics.

The journal publishes papers in the areas of, but not limited to:
4 data analysis and intelligence systems

4 information systems and technologies in business

4 mathematical methods and algorithms of business informatics
4 software engineering

4 internet technologies

4 business processes modeling and analysis

4 standardization, certification, quality, innovations

4 legal aspects of business informatics

4 decision making and business intelligence

4 modeling of social and economic systems

4 information security.

The journal is included into the list of peer reviewed scientific editions established by the Supreme
Certification Commission of the Russian Federation.

The journal is included into Web of Science Emerging Sources Citation Index (WoS ESCI) and
Russian Science Citation Index on the Web of Science platform (RSCI).

International Standard Serial Number (ISSN): 2587-814X (in English), 1998-0663 (in Russian).

Editor-in-Chief: Dr. Alexey Golosov — President of FORS Development Center, Moscow,
Russian Federation.



EDITOR-IN-CHIEF
Alexey O. Golosov

FORS Development Center, Moscow, Russia

DEPUTY EDITOR-IN-CHIEF
Svetlana V. Maltseva

National Research University Higher School of Economics,
Moscow, Russia

Yevgeni A. Koucheryavy

Tampere University of Technology, Tampere, Finland

EDITORIAL BOARD
Habib Abdulrab

National Institute of Applied Sciences, Rouen, France

Sergey M. Avdoshin
National Research University Higher School of Economics,
Moscow, Russia

Andranik S. Akopov

National Research University Higher School of Economics,
Moscow, Russia

Fuad T. Aleskerov

National Research University Higher School of Economics,
Moscow, Russia

Alexander P. Afanasyev
Institute for Information Transmission Problems (Kharkevich
Institute), Russian Academy of Sciences, Moscow, Russia

Anton A. Afanasyev
Central Economics and Mathematics Institute, Russian Academy
of Sciences, Moscow, Russia

Eduard A. Babkin
National Research University Higher School of Economics,
Nizhny Novgorod, Russia

Sergey 1. Balandin
Finnish-Russian University Cooperation in Telecommunications
(FRUCT), Helsinki, Finland

Vladimir B. Barakhnin

Federal Research Center of Information and Computational
Technologies, Novosibirsk, Russia

Alexander P. Baranov
Federal Tax Service, Moscow, Russia

Jorg Becker

University of Munster, Munster, Germany

Vladimir V. Belov

Ryazan State Radio Engineering University, Ryazan, Russia

Alexander G. Chkhartishvili
V.A. Trapeznikov Institute of Control Sciences, Russian Academy
of Sciences, Moscow, Russia

Vladimir A. Efimushkin

Central Research Institute of Communications, Moscow, Russia

Tatiana A. Gavrilova
Saint-Petersburg University, St. Petersburg, Russia

Hervé Glotin
University of Toulon, La Garde, France

Andrey Yu. Gribov
CyberPlat Company, Moscow, Russia

Alexander 1. Gromoff
National Research University Higher School of Economics,
Moscow, Russia

Vladimir A. Gurvich
Rutgers, The State University of New Jersey, Rutgers, USA

Laurence Jacobs
University of Zurich, Zurich, Switzerland

Liliya A. Demidova

Ryazan State Radio Engineering University, Ryazan, Russia

Tosif E. Diskin

Russian Public Opinion Research Center, Moscow, Russia

Nikolay I. Ilyin
Federal Security Guard of the Russian Federation,
Moscow, Russia

Dmitry V. Isaev
National Research University Higher School of Economics,
Moscow, Russia

Alexander D. Ivannikov

Institute for Design Problems in Microelectronics, Russian Academy
of Sciences, Moscow, Russia

Valery A. Kalyagin

National Research University Higher School of Economics,

Nizhny Novgorod, Russia

Tatiana K. Kravchenko
National Research University Higher School of Economics,
Moscow, Russia

Sergei O. Kuznetsov

National Research University Higher School of Economics,
Moscow, Russia

Kwei-Jay Lin

Nagoya Institute of Technology, Nagoya, Japan

Mikhail I. Lugachev

Lomonosov Moscow State University, Moscow, Russia

Peter Major
UN Commission on Science and Technology for Development,
Geneva, Switzerland

Boris G. Mirkin

National Research University Higher School of Economics,
Moscow, Russia

Vadim V. Mottl

Tula State University, Tula, Russia

Dmitry M. Nazarov

Ural State University of Economics, Ekaterinburg, Russia

Dmitry E. Palchunov

Novosibirsk State University, Novosibirsk, Russia

Panagote (Panos) M. Pardalos
University of Florida, Gainesville, USA

Oscar Pastor
Polytechnic University of Valencia, Valencia, Spain

Joachim Posegga
University of Passau, Passau, Germany

Konstantin E. Samouylov
Peoples’ Friendship University, Moscow, Russia

Kurt Sandkuhl

University of Rostock, Rostock, Germany

Yuriy D. Shmidt

Far Eastern Federal University, Vladivostok, Russia

Christine Strauss
University of Vienna, Vienna, Austria

Ali R. Sunyaev

Karlsruhe Institute of Technology, Karlsruhe, Germany

Victor V. Taratukhin

University of Munster, Munster, Germany

José M. Tribolet
Universidade de Lisboa, Lisbon, Portugal

Olga A. Tsukanova
Saint-Petersburg National Research University of Information
Technologies, Mechanics and Optics, St. Petersburg, Russia

Mikhail V. Ulyanov
V.A. Trapeznikov Institute of Control Sciences, Russian Academy
of Sciences, Moscow, Russia

Raissa K. Uskenbayeva
International Information Technology University, Almaty, Kazakhstan

Markus Westner
Regensburg University of Applied Sciences, Regensburg, Germany



ABOUT THE HIGHER SCHOOL
OF ECONOMICS

Consistently ranked as one of Russia’s top universities, the Higher School of
Economics (HSE) is a leader in Russian education and one of the preeminent eco-
nomics and social sciences universities in Eastern Europe and Eurasia.

Having rapidly grown into a well-renowned research university over two decades, HSE
sets itself apart with its international presence and cooperation.

Our faculty, researchers, and students represent over 50 countries, and are dedicated
to maintaining the highest academic standards. Our newly adopted structural reforms
support both HSE’s drive to internationalize and the groundbreaking research of our
faculty, researchers, and students.

Now a dynamic university with four campuses, HSE is a leader in combining Russian
educational traditions with the best international teaching and research practices. HSE
offers outstanding educational programs from secondary school to doctoral studies,
with top departments and research centers in a number of international fields.

Since 2013, HSE has been a member of the 5-100 Russian Academic Excellence
Project, a highly selective government program aimed at boosting the international
competitiveness of Russian universities.



ABOUT THE SCHOOL
OF BUSINESS INFORMATICS

The School of Business Informatics is one of the leading divisions of HSE’s
Faculty of Business and Management. The School offers students diverse courses
taught by full-time HSE instructors and invited business practitioners. Students are
also given the opportunity to carry out fundamental and applied projects at various
academic centers and laboratories.

Within the undergraduate program, students participate each year in different case-
competitions (PWC, E&Y, Deloitte, Cisco, Google, CIMA, Microsoft Imagine CUP,
IBM Smarter Planet, GMC etc.) and some of them are usually as being best students by
IBM, Microsoft, SAP, etc. Students also have an opportunity to participate in exchange
programs with the University of Passau, the University of Munster, the University of
Business and Economics in Vienna, the Seoul National University of Science and
Technology, the Radbound University Nijmegen and various summer schools (Hong
Kong, Israel etc.). Graduates successfully continue their studies in Russia and abroad,
start their own businesses and are employed in high-skilled positions in IT companies.

There are four graduate programs provided by the School:
4+ Business Informatics

4+ E-Business;

4+ Information Security Management;

4+ Big Data Systems.

The School’s activities are aimed at achieving greater integration into the global
education and research community. A member of the European Research Center for
Information Systems (ERCIS), the School cooperates with leading universities and
research institutions around the world through academic exchange programs and
participation in international educational and research projects.






Transfer learning and domain
adaptation based on modeling
of socio-economic systems

Oleg D. Kazakov
E-mail: kod8383@mail.ru

Olga V. Mikheenko

E-mail: miheenkoov@mail.ru

Bryansk State Technological University of Engineering
Address: 3, Stanke Dimitrov Avenue, Bryansk 241037, Russia

Abstract

This article deals with the application of transfer learning methods and domain adaptation in a
recurrent neural network based on the long short-term memory architecture (LSTM) to improve the
efficiency of management decisions and state economic policy. Review of existing approaches in this
area allows us to draw a conclusion about the need to solve a number of practical issues of improving
the quality of predictive analytics for preparing forecasts of the development of socio-economic
systems. In particular, in the context of applying machine learning algorithms, one of the problems is
the limited number of marked data. The authors have implemented training of the original recurrent
neural network on synthetic data obtained as a result of simulation, followed by transfer training and
domain adaptation. To achieve this goal, a simulation model was developed by combining notations
of system dynamics with agent-based modeling in the AnyLogic system, which allows us to investigate
the influence of a combination of factors on the key parameters of the efficiency of the socio-economic
system. The original LSTM training was realized with the help of TensorFlow, an open source software
library for machine learning. The suggested approach makes it possible to expand the possibilities
of complex application of simulation methods for building a neural network in order to justify the
parameters of the development of the socio-economic system and allows us to get information about
its future state.
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Introduction

anagement of the development
of social and economic systems is
mainly based on documents con-

taining the planned values of indicators on a
particular topic (strategy, concept, forecast,
etc.). To date, the management of the region is
carried out through monitoring by adjusting the
planned values in accordance with those actu-
ally achieved [1]. This means that the basis for
future development for the most part lies in the
indicators of past periods obtained with a signif-
icant delay, if we take into account the real situ-
ation with the publication of official statistics.
In this regard, the development of tools to jus-
tify the values of forecast economic parameters,
which allows us to achieve planned control fig-
ures with a high degree of reliability, is an impor-
tant scientific task. This task ultimately acts as
an objective condition for the implementation
of an effective economic policy.

The basis of the whole set of methods of
socio-economic forecasting is tradition-
ally made up of statistical methods used to
build appropriate models of time series [2,
3]. Among the most common methods for
analyzing time series are the following [4]:
regression forecasting models (multiple and
non-linear regression), exponential smooth-
ing (ES) models, maximum similarity sam-
pling model (MMSP), the Markov chains
model, the Markov chains model on classifi-
cation and regression trees (CART), a model
based on the genetic algorithm (GA), a model
on support vectors (SVM). The widest and
most applicable of the classes of models are
autoregressive forecasting models (ARIMAX,
GARCH, ARDLM).

Recently, deep machine learning methods,
whose quality metrics are much better than
classical methods, have proven their effective-
ness. However, the use of such models requires
a huge amount of tagged data, which in real
conditions it is not always possible to obtain.

At the same time, when forecasting most of
the indicators characterizing socio-economic
systems and processes, statistical data are
used for one decade and, in the best case, by
month. In other words, there are only a hun-
dred marked entries at the input. The problem
could be solved in one way or another if teach-
ing without a teacher was applied, which,
unfortunately, at this stage of development
of serial computer systems cannot be imple-
mented in practice.

To solve this problem, we proposed to use a
recurrent neural network built on the architec-
ture of long short-term memory (LSTM) and
trained on synthetic data obtained as a result
of simulation with subsequent transfer learn-
ing (transfer learning) and domain adaptation
(domain adaptation). By having real statistics
for several decades, this will allow us, with a
high degree of accuracy, to predict the values
of economic parameters taking into account
modern development vectors. Decision sup-
port systems based on these algorithms make
it possible to most accurately justify economic
plans and forecasts for the development of
territories and ensure the achievement of stra-
tegic development guidelines.

1. Methods

1.1. Transfer learning and domain
adaptation at LSTM

The main idea of transfer training is to solve
the problem on the basis of “ready data”
obtained as a result of solving similar prob-
lems. This means that you can first train a neu-
ral network on a large amount of data, and sub-
sequently retrain it on a specific target set. In
this regard, there are two main advantages of
using transfer training [5]:

4+ a significant reduction in time and costs
in the context of using the appropriate infra-
structure for training, by training only a cer-
tain part of the final model;



4+ increasing the efficiency of the final
model through the use of models trained on
available data.

The results of this study are closely related
to the second of these advantages, since in the
predictive analysis of socio-economic systems
this is a determining factor.

Asthe available data, synthetic data obtained
as a result of simulation were used. Simulation
is an experimental way to study reality using
a computer model [6]. In simulation models,
real economic processes are described as if
they were actually happening [7]. Thus, simu-
lation models can be used to study real socio-
economic systems under the condition that
economic objects and processes are replaced
by a set of mathematical dependencies that
determine what state the system will go from
initially set [8].

The weights from the model trained on syn-
thetic data obtained as a result of simulation
are transferred to a new model. For this, the
authors used the TensorFlow open machine
learning software library.

The methods of transfer training and domain
adaptation, as a rule, depend on machine
learning algorithms used to solve the tasks [9].
One of the most effective tools for predictive

analytics of socio-economic systems is recur-
rent neural networks with long short-term
memory (LSTM networks). In particular,
models based on the LSTM architecture are
very effective for forecasting the time series —
one of the most common tasks in managing
socio-economic systems [10]. It should be
noted that this efficiency does not decrease
when predicting several steps.

The basic architecture of the recurrence
network, developed back in the 1980s, is built
from nodes, each of which is connected to all
other nodes. For training with a teacher with
discrete time, data is supplied to the input
nodes at each next step. In this case, other
nodes (output and hidden) complete their
activation and the output signals are pre-
pared for transmission to neurons of the next
level [11]. Thus, a recurrent network with
long-term memory allows use of information
received in the past to solve current problems.
In particular, it makes it possible to predict
the values of the time series, since it does not
use the activation function inside its recurrent
components, and the stored value does not
blur in time ( Figure 1) [12, 13].

The LSTM module has five main compo-
nents that allow it to simulate both long-term
and short-term data [13]:

ft Oc,, ¢
¢, ;Ci? :@ - > C,
iOF¢ tach
0, Otanh(c,)
f; Ef lt Of
hr—l * "—> /’lt
h,

Fig. 1. Architecture of LSTM [12, 13]
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where ¢, — “state of the cell”, representing its

internal memory, which stores both short-term
and long-term information;

h, — “hidden state”: such information about
the output state, which is calculated by the cur-
rent input, the previous hidden state and the
current input of the cell, which will be used to
predict one or another time series. The latent
state may decide to extract short-term or long-
term or both types of information from stored
in (c,);

i, — “entrance gate”: determine the amount
of information coming from the current input
in (c,);

J, — “transitional gate”: determine the
amount of information flowing from the cur-
rent and previous (¢, ,) inputs to the current

(c);

o, — “exit gate”: determine the amount of
information falling from the current (c,) into
a hidden state.

Suppose there is a well-functioning model
for predictive time series analytics “Kaza-
kov_LSTM.h5” (the process of its training is
presented in the next section of the article).
Then, to view the parameters of this model,

you can use the following instructions (Fig-
ure 2).

Thus, we obtain the following conclusion:

(2)

where W-matrices — matrices that transform
the input data;

U-matrices — matrices that transform the
previous hidden state into another internal
value;

b-vectors — offset for each block;

V — a vector that determines what values to
derive from the new internal state.

The concept of domain adaptation is closely
related to transfer training. The essence of
this adaptation is to train the model on data
from the source domain so that it shows
comparable quality on the target domain
[14]. The source domain can be synthetic
data that can simply be generated by running
the corresponding simulation model, and
the target domain is a time series that reflects
the dynamics of certain key indicators of the
socio-economic system. Then the task of
domain adaptation is to train the model on
synthetic data, which will work well with real
objects.

Fig. 2. Listing “LSTM parameter output”



The stage of domain adaptation is reduced
to freezing weights in the “Kazakov_ LSTM.
h5” model in their previously prepared state.
Domain adaptation weights are trained on the
target data set. For this purpose, in the model
after LSTM we add fully connected (dense)
layers.

1.2. System-dynamic
modeling of indicators
of innovative development
of socio-economic systems

In order to form a data set within the source
domain, we will build a system-dynamic model
that allows us to determine the parameters of
the socio-economic system, in particular, to
evaluate the values of the indicators of inno-
vative development of the regions. The main
document setting strategic guidelines for state
policy in the field of innovative development in
order to counter modern global challenges and
threats is the Innovation Development Strategy
of the Russian Federation for the period until
2020 [15]. The strategy therein determines the
long-term development priorities of all subjects
of innovation, and also sets a number of tar-
get indicators, which, in accordance with the
installation of the Government of the country,
should be taken into account when developing
concepts and programs for the socio-economic
development of Russia and its regions.

The strategy defines the values of target indi-
cators for 2020. At the same time, 2010 is fixed
as the base year, and 2013 and 2016 are inter-
mediate control points. An analysis of the
actual values of most of the target indicators for
2016 revealed a general tendency to lag behind
the planned level.

Since statistical services prepare analyti-
cal data for the reporting period with a signifi-
cant time lag, a serious problem is the fact that
the state authorities responsible for the imple-
mentation of the Strategy are trying to develop
managerial decisions, focusing on irrelevant
performance results. It is extremely difficult to

call such a process effective management.

In our opinion, the reverse movement will be
the most effective approach when the value of
a specific target indicator for a certain date is
differentiated among the subjects of the federa-
tion and communicated to the regional author-
ities in advance, in the form of recommended
forecast values. In this case, local government
services will become direct participants in the
process of implementing national strategic ini-
tiatives, including taking into account certain
responsibilities for failure to achieve targets. In
addition, it will be possible to manage on the
basis of an up-to-date map reflecting the inno-
vative development of the long-term objectives
of the Strategy by regions.

The main components of the system model,
which allows us to determine the innovative
development of the region in accordance with
the state strategy, are strategic tasks in key areas.
The relationship between the final indicator of
innovative development and these components
(subindexes) can be described as follows:

I=)w-1; )

Jj=1
where Ij — j-th subindex value;
m — number of subindexes;

W, — weight factor of the j-th subindex.

Subindexes are summary indicators reflect-
ing the formation of primary indicators as part
of the solution of a specific strategic task in pri-
ority areas of innovation. The number of pri-
mary indicators in directions varies from 2 to
12, and each of them can be considered as an
independent complex system-dynamic model.
Consider the model for the formation of a
first-order private indicator “Inventive Activ-
ity Coefficient,” which is determined in the
framework of the priority strategic task “Inno-
vative Business.” Models of other indicators
can be formed in a similar way and are not pre-
sented in the framework of this article due to
the significant scale of the study.



The system-dynamic model of the level
of inventive activity is presented in Figure 3.
The model is based on determining the ratio
of the number of patent applications filed by
domestic inventors to the total population. The
number of patent applications developed and
filed depends on the number of organizations
engaged in research and development, the
number of personnel involved in research and
development, as well as the amount of inter-
nal expenses of organizations on research and
development.

The corresponding mathematical model can
be represented as follows:

d(Inventions_developed)
dt

d(Useful_Models _Developed )
dt
= - Useful Models Filed

= - patent

d(patent)
dt
+ Utility_models_submitted

= Inventions_submitted +

d(population)
dt

+ Migration - Emigration

= Birth - Death + 9

Inventions( Utility_models) _developed =
= corp_researchx person_researchx
X Internal_R & D costs

Death = Death_trudospos_zhazhra +
+ Death_infantile + other

Migration = Refugees + Temporary shelter +
+ Forced migrants +
+ Arriving coeff_inv_activity =
patent

= ——— x10000.
population

At the first consideration, the question arises
of the appropriateness of using simulation

to assess the level of inventive activity, since
each of its components can be predicted (for
example, within the framework of ARIMA
or GARCH models that have proven them-
selves in the field of forecasting demographic
and socio-economic indicators). In fact, the
dependence of inventive activity on many indi-
cators is stochastic; moreover, in practice, for
most of them it is not possible to collect a suf-
ficiently large set of values. Therefore, simula-
tion in this context is considered as a way to
build a model of a socio-economic system that
describes the complex behavior of objects and
processes associated with innovation manage-
ment at the regional level. This model can be
implemented any number of times. In this case,
the results will be due to the random nature of
the processes [16]. Using these results, one can
obtain stable synthetic statistics on the level of
inventive activity, which is subsequently used to
train the neural network.

2. Experiment

2.1. Synthetic data
generation using
a system-dynamic model

Simulation modeling was implemented using
a set of mathematical tools and AnyLogic spe-
cial software, which allowed for targeted mod-
eling in the “simulation” mode of the indica-
tor under study, as well as optimization of some
of its parameters [17]. In accordance with the
results of a study conducted by a group of scien-
tists from Kazan Technical University [18], the
reliability of the AnyLogic system was found to
be satisfactory, and in the ranking of similar soft-
ware this system is among the top three.

The configuration settings of the model that
graphically describes the user-posed problem
in terms of the AnyLogic language are set using
experiments. Discrete event modeling imple-
ments the possibility of approximating real
processes by discrete events that consider the
most important moments of the life of the sim-
ulated system [19].
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An experiment “Variation of parameters”
was carried out in the AnyLogic system, the
essence of which was the repeated launch of
the constructed simulation model. For the
experiment, a confidence probability of 0.95
and an accuracy of 0.01 were determined.
The number of model runs calculated by the
Laplace function was 9604 [20]. Varying dif-
ferent parameter values, the model produced
a label value ranging from 1.4725 to 2.1105.
The mathematical expectation was 1.8114,
and the dispersion of values relative to the
mathematical expectation was 0.1539, which
is acceptable and allows us to conclude that
the proposed simulation model was success-
fully validated. The results of the experiment
are presented in Table 1.

Table 2 presents the synthetic data obtained
as a result of the experiment “Variation of
parameters” in the AnyLogic system and used
to train the primary neural network.

The initial data set contains five functions,
the change in time of which is presented in Fig-
ure 4.

The figure shows that all time series have the
property of seasonality, but we will not take this
factor into account explicitly in further train-
ing of the original network.

2.2. Source LSTM training
and learning transfer

As noted above, the training of the initial
LSTM is carried out on synthetic data obtained
as a result of simulation. To do this, use the Ten-
sorFlow open source machine learning software
library, which provides a good helper application
programming interface (RNN API) for imple-
menting predictive time series models.

First of all, to complete the training process, we
will load the synthetic data and standardize the
data set using the mean () and std () functions.

Further, the task is reduced to predicting a mul-
tidimensional time series based on some provided
history. We will create training and validation
data and perform direct training of the original
LSTM.

The multivariate data function performs the
window management task. It selects past obser-
vations based on a given step size (Figure 5).
Next, we fix the weights of a pre-trained neural
network (Figure 6). Then we create a composite
neural network based on “Kazakov.h5” and com-
pile it (Figure 7).

To select the best neural network hyperparam-
eters, the Keras Tuner optimizer developed by
the Google team and included in the Keras open
library was used. RandomSearch was defined as

Table 1.

Results of the “Variation of Parameters” experiment
of a system-dynamic model of the level
of inventive activity in the AnyLogic system

Name ‘ population

patent corp_research | person_ research | coeff_inv_activity
ngha;;gt;f [135600...154235] | [21627...30732] | [3317...4384] | [672493...932115] | [1.4725...2.1105]
Eﬁ%ﬁﬁtem 1447053752 26204.7906 3782.2631 778989.9941 18114
Dispersion |  6347086.0729 | 44677951931 | 46155.5052 3873708843 0.0237
Standard 2519.3424 2113.7160 214.8383 62239.1263 0.1539
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Fig. 5. Listing “Training the original LSTM”
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Table 2.

Synthetic data for training the original neural network

population corp_research person_ research | coeff_inv_activity
1 146890 28688 4099 887729 1.950000
2 146841 28362 4098 887553 1.931477
3 146792 28036 4097 887377 1.909913
4 146743 27710 4096 887201 1.888335
5 146694 27384 4095 887025 1.886743
9601 143267 24072 3604 732274 1.732500
9602 146545 29269 475 738857 2.100000
9603 146804 26795 4032 722291 1.921500
9604 146880 22765 3944 707887 1.627500

the main type of Keras Tuner. Listing the best
model with Keras Tuner is as follows (Figure §).

To create a neural network with enumeration of
the basic values of hyperparameters, the follow-
ing function was used (Figure 9).

For two fully connected layers, Keras Tuner
defined relu, the rectifier, and adam, the stochas-
tic gradient descent method, based on an adaptive
estimation of first and second order moments, as
an activation function. The root mean square
error (mse) is presented as a loss function, and
the mean absolute error (mae) is used as a quality
metric. In the last era of training, these parame-
ters took the values of 0.3995 and 0.1739, respec-
tively.

Thus, two fully connected layers were added for
the implementation of domain adaptation based
on actual data obtained from official statistics and
presented in Table 3.

It is assumed that the prediction of the dynam-

ics of inventive activity will be carried out by one
step, so one neuron will remain at the output of
the last layer of the network.

3. Discussion of the results

The developed simulation model of the
dynamics of inventive activity allows you to cre-
ate a potentially unlimited number of records
for training the source network. The studied
methods of transfer training and domain adap-
tation in LSTM allowed use of the pre-trained
source network in the new mixed architecture.
Thus, despite the available critically small set
of evidence for training the neural network, it is
possible to forecast economic indicators.

Using a trained neural network, we visualize
the predicted values of the innovation activity
coefficient for 2012 (based on data for the vali-
dation sample) and for 2018 (based on data for
the test sample) (Figure 10).
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Fig. 6. Listing “Assigning weights from a pre-trained neural network”

Fig. 7. Listing “Creating the architecture of a composite neural network”

Fig. 8. Listing “Selection of neural network hyperparameters”

Fig. 9. Listing “Function for selecting neural network hyperparameters”

The data obtained for 2012 showed the value
of the mark 1.91 with a value of 2.00 actually
recorded during this period (Figure 10a). The
inventive activity coefficient determined by the
network for 2018 is 1.73 against the actual 1.70
(Figure 10b). Thus, the deviation was 4.5% in
2012 and 1.8% in 2018, respectively. The results

can be considered satisfactory, which allows us
to broadcast this method in the future.

Conclusion

The approach presented in the study, based on
the construction of a system-dynamic model
and a recurrent neural network, can be adapted
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Evidence for implementing domain Adaptation

corp_research  person_ research coeff_inv_activity

0 | 2001 146304 24777.0 4037 885568 1.69
1| 2002 145649 23712.0 3906 870878 1.63
2 | 2003 144964 24969.0 3797 858470 1.72
15 | 2016 146804 26795.0 4032 722291 1.83
16 | 2017 146880 22765.0 3944 707887 1.55
17 | 2018 146781 24952.8 3944 707887 1.70

Compiled on the basis of the official website of the Federal State Statistics Service (https://www.gks.ru/)
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Fig. 10. Determining the value of the target variable using a trained neural network

to other socio-economic systems and processes | ness of management decisions. The undoubted
in terms of solving problems of predictive ana- | advantage of using this technique, in our opin-
Iytics. The author’s approach to the training | ion, is the possibility of early determination of
and use of LSTM networks in socio-economic | trends in processes, even under conditions of a
systems will significantly increase the effective- | limited data set.
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The proposed approach can become a uni-
versal tool for predictive analytics LSTM, since
the studied transfer training and domain adap-
tation techniques in LSTM allowed using the
source network trained on synthetic data and
predicting the value of the target variable with
a high degree of accuracy. The practical signif-
icance of the study is to expand the capabili-
ties of the integrated application of simulation
methods for building a neural network. At the
same time, the approach we developed can be
used by state authorities to justify the develop-
ment parameters of the socio-economic sys-

tem and allows us to obtain information about
its future status. m
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Abstract

This paper offers an approach for solving a problem that arises for railway transport operators. The
task is to manage the fleet of freight railcars optimally in terms of profit maximization. The source
data for the transport operator is a list of requests received from customers, as well as the location
of railcars at the beginning of the planning period. The request formed by each customer consists
of departure station, destination station, name and volume of cargo that the customer would like to
transport. The request also contains the rate that the customer has to pay to the transport operator
for each loaded wagon transported. Planning is carried out for a month in advance and consists, on
the one hand, in selecting the most profitable requests for execution, on the other hand — in building
a sequence of cargo and empty runs that will fulfill the selected requests with the greatest efficiency.
Direct transportation of loaded and empty railway cars is carried out by Russian Railways with pre-
known tariffs and time standards for each of the routes. At the same time, tariffs for driving loaded
wagons are additional costs for the customer of the route specified in the request (customers pay both
the transport operator for the use of wagons and Russian Railways); transportation of empty wagons
is paid by transport operators. To solve this problem, one of the possible ways to reduce it to a large-
dimensional linear programming problem is proposed. An algorithm is proposed, the result of which
is a problem written in the format of a linear programming problem. To demonstrate the approach
clearly, a simplified problem statement is considered that takes into account only the main factors of
the modeled process. The paper also shows an example of a numerical solution of the problem based
on simple model data.
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Introduction

tions research, and in its subsection called

schedule theory, there are many problems
related to optimizing railway management. A
whole series of such problems, as well as their
classification, can be found in [1—5]. Among
the problems of drawing up railway transport
schedules, a class of problems related to draw-
ing up schedules for passenger transport can be
considered separately. One can find examples
of such models in [6—9].

In the mathematical field called opera-

This article deals with railway freight trans-
port. One of the urgent tasks that arise in this
area is the organization of the cargo transpor-
tation process. In particular, works [10—13]
are dedicated to this subject. In these articles,
dynamic models of organization of railway
freight transportation both between two junc-
tion stations and on a closed chain of stations
are described and investigated.

This study is devoted to the no less important
task which is management of the freight wagon
fleet. This problem arises for railway trans-
port operators (hereinafter, transport opera-
tors), which manage a fleet of freight rail cars
for commercial purposes. Depending on the
specifics of regulation and market features,
different models can be built for each specific
region, taking into account this or that speci-
ficity. As an example, one can consider the arti-
cle [14], which presents a model used by one of
the largest railway transport operators in Latin
America. Another example is work [15], which
examines several models for optimizing cargo

delivery by the Swiss railway freight company
Cargo Express Service of Swiss Federal Rail-
ways. In [16, 17] models designed with the fea-
tures of the freight transport market in Italy are
considered. In [18, 19] models are presented
for cost minimization of transporting goods
through a railway network that covers several
European countries.

There are also models created for the Rus-
sian rail transport market; an example of such
a model is presented in [20, 21]. In this paper,
the problem statement is similar to the state-
ment from [20, 21], the main differences are in
the methods of solving the problem. If in [20,
21] solutions are sought using the column gen-
eration method [22], as well as using the mod-
ified column generation method [23], in this
paper the solution is sought based on the search
for optimal flows in a network covering all pos-
sible routes, by reducing it to a large-dimen-
sional linear programming problem.

In other words, if the column generation
method and the generalized column genera-
tion method search for solutions iteratively,
and each iteration solves a linear program-
ming problem on a subset of all possible routes,
then in this paper the search for solution is
performed using a single linear programming
problem of a sufficiently large dimension on
the set of all possible routes. But before getting
such large-dimensional linear programming
problem, one first needs to build a network of
all possible routes (in this case, a wider network
that includes a network of all possible routes is
built), after that this task can be formalized as a
linear programming problem.



The network of all possible routes is an ori-
ented space-time graph without loops. This
graph is built with a fixed time step, and one
day is taken as a step. Each vertex of the graph
contains information about the number of cars
at a certain station on a certain day of the plan-
ning period. Each edge of this graph charac-
terizes the route by leaving some station on
day and arriving at another station on day . In
this case, the difference between and corre-
sponds to the number of days it takes to trans-
fer cars from station to station in accordance
with the known time standards for transporta-
tion by rail. In this interpretation, the task is
to search for flows in the constructed graph
that provide the maximum gain in total. The
flow refers to a chain of cargo and empty runs,
and the resulting gain corresponds to the profit
for the planning period. For more information
about building such models and reducing them
to linear programming problems see [24—26].

This approach, which consists in solving the
problem of linear programming of large dimen-
sions, in comparison with the approach associ-
ated with column generation method, requires
more time to find solutions. The advantage of
the approach proposed here is the search for an
optimal transportation plan on a set of all pos-
sible routes, while methods related to column
generation solve a series of linear programming
problems on subsets of the set of all routes. As a
result, the solution obtained using the column
generation method may differ from the optimal
plan. In practice, in this case the lost profit for
the transport operator can be measured in tens
of millions of rubles per month.

1. General statement
of the problem

The problem of managing a fleet of freight
wagons by a transport operator is considered.
The goal of the transport operator is to maxi-
mize profit. Drawing up a plan is carried out
for a month in advance at a time when all the
necessary information is known. For planning,

one needs information about the initial loca-
tion of cars in the next month, as well as a ready
list of requests for cargo transportation in the
next month. The initial position of wagons in
the planning month implies information about
day and station, in which each of the wagons
arrived after being sent in previous month. The
list of requests consists of requests from cus-
tomers, each of which specifies the cargo, its
volume (in wagons), stations of departure and
destination. Each request also specifies the rate
that the customer has to pay for each railway car
of the transported cargo. A situation is allowed
in which the start of request execution will be
in the planning month, but its completion will
be in the next month after the planning one.
In this case, all profit for the execution of such
request will be taken into account in the plan-
ning month. It is assumed that customers do
not care what day of the planning month his
order will be fulfilled; if the operator under-
takes to execute this order, it will be executed
on the most convenient day for the transport
operator (or on several days if the request will
be executed by several routes). The transport
operator is not required to execute all incoming
requests — as a rule, it is physically impossible
to do this in the allotted month. Therefore, the
operator can either execute the request com-
pletely or partially, or reject it. Thus, when cre-
ating a plan for the upcoming month, the task
of the transport operator is, first, to select those
requests that are most profitable to execute,
and secondly, to select such chains of cargo and
empty runs that will most effectively ensure the
implementation of the selected requests.

Direct transportation of wagons is carried out
by Russian Railways (JSC “RZD”), which set
their own tariffs for both empty and cargo runs.
Also time standards for all possible routes are
known in advance. In the model, it is assumed
that tariffs do not depend on the number of
wagons transported on each of the routes. Each
customer, if his request is executed, in addition
to paying the operator the specified rate for



the use of its wagons, pays separately to Rus-
sian Railways for the transportation of these
wagons. Moving empty railway cars by Russian
Railways is an expense item for the transport
operator. Since Russian Railways tariffs for
transporting loaded wagons are costs for cus-
tomers and transport operators have nothing to
do with them, these tariffs are not considered
in the model. In this paper, a simplified state-
ment of the problem is considered. This means
that the transport operator manages one type
of freight wagons, and the planning horizon in
the model is one month. In addition, it will be
assumed that direct transportation by Russian
Railways is carried out largely by unmanned
vehicles, i.e. unmanned locomotives. Their
use will reduce the impact of the human fac-
tor, the occurrence of which often leads to cer-
tain emergencies, which in turn leads to fail-
ures in schedules. This assumption about the
use of unmanned vehicles makes it possible to
consider a deterministic model, without tak-
ing into account stochastic components. Oth-
erwise, the model must take into account ran-
dom factors, which would inevitably lead to a
significant complication of the model.

2. Mathematical statement
of the problem

This section provides a mathematical state-
ment of the problem in some intermediate for-
mat, which is converted to the format of a lin-
ear programming problem in explicit form at
the next stage. The advantage of this interme-
diate format is that it is much more visual and
convenient for understanding the essence of
the proposed approach. A similar format for
the mathematical statement of this problem
can be found in [3, 4], but in these works the
mathematical statement has a rather cumber-
some form and can hardly be applied directly
in practice. In this paper, to facilitate the pres-
entation, the simplest version of the problem
statement is presented.

Let’s enter a number of notations.

N — number of stations involved in planning;

T — planning horizon, measured in days, for
simplicity one month is taken as the length of
the planning horizon in this work (i.e. 7= 30
or 31). In practice, however, it is more correct
to consider a longer planning horizon, such as
two or more months, but for simplicity in this
work a short and plausible interval is taken;

t — the discrete parameter responsible for
time is measured in days and takes values
t=1,2,... T,

C={C }” L (N x N)-matrix, which ele-
ments characterize the tariff set by Russian
Railways for an empty run of one wagon from
station i to station j;

©1={61,}"  — (Nx N)-matrix, which ele-
ments characterize the time (in days) of move-
ment of loaded wagons from station i to station
J in accordance with Russian Railways stand-
ards (time is rounded to a larger integer);

02 = {@2 } — (N x N)-matrix, which ele-
ments characterlze the time (in days) of move-
ment of empty wagons from station i to station
j in accordance with Russian Railways stand-
ards (time is rounded to a larger integer). Sep-
arately, we note that the diagonal elements of
this matrix are taken to be equal to one, which
means that if a wagon remains at the station
until the next day, it is equivalent to the fact that
it goes on a loop trip lasting one day, where the
departure and destination stations coincide;

P= {Py }Nj — (Nx N)-matrix, which elements
characterize the rate specified by the customer
in the request for transportation of one loaded
wagon from station i to station j;

— — N
0= {Qy} — (N x N)-matrix, which ele-
J=
ments characterlze the number of loaded wag-
ons specified in the corresponding request for
cargo transportation from station / to station j.
All elements of the matrix take non-negative
integer values;

S° (t)={§.° (t)},/: — vector of dimension N

1

that characterizes the initial location of wagons



on day ¢, the i-th element of this vector equals
to the number of wagons that arrived at station
iattime fe{l, ..., T}, which were dispatched
in the previous month. All values of this vector
take non-negative integer values.

The transport plan is characterized by the
following matrices:

K1(t )—{Kl (¢ )} — (N x N)-matrix, which
elements characterlze the number of loaded
wagons sent from station i to station j at time
te{l, ..., T}. All elements of the matrix take
non-negative integer values;

K2(t)={K2, (1)}, — (Nx N)-matrix, jjele-
ment of which characterizes number of empty
wagons sent from station 7 to station j at time
te{l, ..., T}. All elements of the matrix take
non-negative integer values;

Denote by K1 and K2 the set of corresponding

matrices for all moments of time re{l, ..., T},
in other words K1 = {Kl(t)};, K2 = {K2(t)}il.

Also of interest is the final distribution of wag-
ons by stations and time in the planning month
in accordance with the proposed plan K1, K2.

S(1,K1,K2)={5, (1K1 Kz)} = vector of
length N, each element of which characterizes
the number of wagons at station 7 at time 7 e
{1, ..., T}, which is implemented in accordance
with the proposed plan K1 and K2 and the ini-
tial distribution of wagons S’ (7). It is easy to
see that forall re{l, ..., T} and any station ie {1,

., N}, the value of the element S, (1,K1,K2)is
determined by the formula below:

S, (1, K1, K2)=S"(t) +

where the function /() is defined by the rule:

L if x=0;
(x) B {O, othewise.

In other words, the number of wagons that
is observed at station 7 at time 7 is equal to the
number of wagons that arrived from the previ-
ous month in accordance with the value &O(I ),
as well as the number of wagons that were sent
to station i by empty or loaded runs on the days
7 preceding the current day 7 (z € {1, ..., t —1}),
and that arrive at station 7 on this day .

Now the mathematical statement of this prob-

lem can be written. Profit is the criterion of max-
imization

,ZT;(,ZP K1,

(2)

ZC K2, j—) max .
(K1, (1)K 2, (1)}

i,j=1

The following restrictions must be satisfied:

N
S, (1.K1,K2) =" (K1, (1)+ K2,(1)),
- (3)
i=LLN, t=1T;
T — —
Y K1,(1)<0Q;, i=LN,j=1N; 4)

The target function (2) represents the profit
from all freight runs after deduction of the costs
associated with empty wagons runs. Optimiza-
tion is performed by managing amount of loaded
runs Kllj(t) and empty runs K2ij(t). Restriction
(3) is a balance restriction and means that the
number of wagons sent from station / on day
te{l, ..., T} is exactly equal to the number
of wagons that arrived there on that day. The
number of arriving wagons S, (1,K1, K2) is
determined in accordance with formula (1).
Restriction (4) means that the number of
loaded wagons sent from station i to station jon
all days of the planning period must not exceed
the number specified in the relevant request.



Problem (2)—(5) can be solved directly
using Mixed-Integer Programming. However,
due to the large dimension, the task of finding
an integer solution may be impossible within
a reasonable time. Therefore, instead of the
original problem, linear relaxation is consid-
ered. This means that the following weaker
condition is considered instead of condition

5):

K1,(1)>0, K1()>0,i=LN,t=LT  (6)

Thus, instead of problem (2)—(5), the fol-
lowing problem is considered (2), (3), (4),
(6). The result of solving such a problem may
be a fractional solution, which obviously can-
not be applied in practice. In this case, to get
an integer solution, you must apply rounding
methods to the resulting fractional solution.
At the next stage, this statement of the prob-
lem will be rewritten in the format of linear
programming.

3. Reducing the original problem
to a linear programming
problem

In order to solve the formulated problem
by computer, the above designations must be
presented in a different format. To do this, the
matrices P, C, O, as well as the matrix system
K1(¢) and K2(1), te{l, ..., T} must be converted
to long vectors. The system of vectors S° and
S(t,K1,K2), te{l, ..., T} also must be con-
verted into two single vectors. Onthe one hand,
the matrices Pand C are transformed into one
PCvector by a special rule; on the other hand,
by a similar rule, the matrices K1(¢) and K2(¢),
te{l, ..., T} are also combined into a vector
K of the same dimension consistent with the
PC vector. This is done so that the profit of
the transport operator, which calculation for-
mula is used in (2), completely coincides with
the scalar product of the two new vectors PC
and K.

Vector K

Since the number of elements in all matrices
K1(t) and K2(t), te{l, ..., T} is equal to 2T N?,
the dimensions of the vectors PC and K also
have to coincide with this value. When forming
vector K, the question is in what order to place
allthe elements ofthe matrices K1(¢) and K2(¢),
te{l, ..., T}. After this order is defined, the
PC vector is compiled accordingly and in the
appropriate order. Let the first 7N’ elements
of the vector K correspond to all elements of
matrices K1(¢), te {1, ..., T}. In this case, the
first N? elements are taken from the matrix
K1(1): the first N elements coincide with the
first row of this matrix (the first row element
is placed at the first position of the vector, the
second row element — at the second position,
etc.), the next N elements correspond to the
second row, and so on. The next N2 elements
of the vector K are written using a similar
ordering of the elements of the matrix K1(2).
By the same principle, the vector K is filled
with elements of the other matrices KI1(¢),
t=3, ..., T. The second half of the vector K,
also consisting of TN? elements, is filled in the
same way only by elements of the matrices
K2(t),t=1, .., T

Vectors PC

In order to match the vector PC with the vec-
tor K, the first 7N? of its elements are taken
from the matrix P, the remaining 7N? are filled
from matrix C. The first N elements of the
PC vector correspond to the first row of the P
matrix (the first row element is placed in the
first position of the vector, the second row ele-
ment - in the second position, etc.), the next N
elements correspond to the second row of the P
matrix, and so on. After the first N? elements of
the PC vector are defined by the specified pro-
cedure, this part of the vector is copied and put
in place of the next N?elements. Repeating this
operation 7— 1 times completes the formation
of the first half of the PC vector, consisting of



TN? elements. The second half of this vector is
filled in similarly with elements of the matrix
C. The only difference in the fill-in rule is that
each element of the second half of the PC vec-
tor is additionally multiplied by minus one.
Thus, the first TN? elements of the PC vector
are non-negative, and the next 7N? elements of
this vector are non-positive.

Vector Q, S°, §

Vector Q is formed from the matrix 9] by a
similar rule (the first N elements of the vector
correspond to the first row of the matrix, the
next N elements correspond to the second row,
and so on). The dimension of the new vector
is N2

Systems of vectors §°(t) and § (t, K1, K 2),
te{l, ..., T} are transformed into two vectors
by sequential concatenation of the vectors cor-
responding to each moment of time (the first N
elements of each of the new vectors correspond
to the vector 50(1) and S(1, K1, K2), respec-
tively, and so on). In the end, we get two new
vectors of size TN. The first one is denoted by
through S°, the second — through .S.

With vectors PC and K, the optimization
criterion (2) and condition (6) can be written
in the new format. However, in order to write
conditions (3) and (4), it is necessary to intro-
duce special matrices.

Matrix 4 0

Let’s construct a matrix A 0 which allows us
to rewrite the condition (4). It is easy to see
that the dimension of this matrix is equal to
(N? x 2TN?). This is due to the fact that this
matrix on the right is multiplied by the vec-
tor K, and the result of this multiplication is
compared with the vector Q of dimension N
Based on the fact that the elements of the
matrix K2 (correspond to the last TN? ele-
ments of the vector K) do not participate in this
restriction, all the elements of the matrix A 0

located in the last 7N? columns, are equal to
zero. Now the first 7N? columns of this matrix
are necessary to define. Condition (4) means
that for each route from station i to station j,
the total number of loaded wagons sent on all
days of the planning period cannot exceed the
amount specified in the request — QU Based on
this, it is easy to see that the first element of
the first row is equal to one (it corresponds to
the element K1 (1)). The next element equal
to one located in the first row of matrix 4 0 is at
position N*+ 1 (it corresponds to the element
K1,,(2)) and so on — all elements equal to one
occur in the first row T times with a period of
N? elements. Further, in the second row of the
matrix AQ, the element equal to one is in the
second position (it corresponds to the element
K1,,(1) ), the next element equal to one in the
second row is at the position N? + 2 (it corre-
sponds to the element K1 ,(2) ) and so on: also,
with a frequency of N? elements, all elements
equal to one occur in the second row 7 times.
For other rows of the A 0 matrix, the filling algo-
rithm is similar. Thus, if one divides matrix AQ
into 7' blocks, each of size N* by N? elements,
not considering the zero part (the last 7N? col-
umns), then each block is equal to the iden-
tity matrix. After defining the matrix A 0 in the
new format, condition (4) takes the form of
AQ. K< Q, where the sign < implies a compo-
nent-by-component comparison of elements
of both vectors.

Matrix 4, and 4,

It remains to rewrite condition (3). To do this
in matrix form, one needs to define two matri-
ces, denoted by A and A . The A matrix
is used to calculate the number of incom-
ing wagons to each of the stations at any time
te{l, ..., T}. The A , matrix is used to calculate
the number of outgoing wagons from each sta-
tion at any time 7€ {1, ..., T'}. The dimension
of each of the matrices is (TN x 2T'N?). This is
due to the fact that these matrices are multi-
plied on the right by the vector K. The result



of the product of the vector K on any of these
matrices is related to the distribution of wagons
by stations and time, so the number of rows in
these matrices and the dimension of the result-
ing product of the vector must be TN. The first
N elements of the resulting vector correspond
to the distribution of wagons at all stations in
the first period, the next N elements corre-
spond to the distribution of wagons at all sta-
tions in the second period, and so on until the
period 7. The matrix A, allows us to represent
the formula (1) as §=4_- K.

Let’s write the A , matrix. As already men-
tioned, this matrix is designed to count the
number of wagons sent from an each station i
at any time 7€ {1, ..., T'}. Where exactly these
wagons are sent, in this case, is of no interest.
Taking into account the order of elements of
the vector K, it is easy to see that the first NV
elements of the first row of the 4  matrix are
responsible for the loaded wagons sent from
the first station in the first period of time. So all
these elements are equal to one. Then, all ele-
ments, starting from the element N + 1, up to
the element TN? inclusive, are equal to zero.
The elements, starting from 7N? + 1, before
the element TN? + N, are equal to one. These
elements are responsible for outgoing empty
wagons. Other elements of the first row of
the A , matrix are zero. The second row of
the 4 , matrix has a similar structure, with
the difference that everything is shifted by
N elements to the right. In other words, the
first N elements of the second row are equal
to zero, the next N elements are equal to
one, then, starting from TN? + N + 1, up to
TN? + 2N, all elements are equal to one, and
the remaining elements of the second row
are equal to zero. And so on, in each subse-
quent row, the coordinates of elements equal
to one are shifted by N elements. Repeating
this operation for all rows of the 4 A matrix
completes its formation.

It remains to define the A, matrix. For
each of the loaded and empty runs from sta-

tion i to station j, the duration of such a run
is known. It is equal to @ly for cargo and
@2ij for empty runs. Let’s see how this infor-
mation is reflected in the A matrix. To do
this, consider an arbitrary transfer of loaded
wagons in the amount of Kll.j(t) from sta-
tion i to station j on day ¢ of the plan-
ning period. This transfer corresponds to
vector K element located at the position
TN? + (i — 1)N + j. Travel time on this route
equals @ly- This means that after leaving on
day ¢, the dispatched wagons will end up at sta-
tionjonday ¢+ @lij. Intermsofequation (1), it
canbe stated that as a result of thisloaded trip,
the value of the element 5‘1 (t+@1,.j, K1, Kz)
will increase by Kll,j(t) units. Therefore, if
t+ @lij does not exceed T, then the result of
multiplying A, by Kisthe increase in the coor-
dinates (¢ + @1,-,- — 1)N +j of the vector S by
Klij(t) units. In order for this multiplication
to give such a result, it is necessary that the
clement of the matrix 4, with the coordinates
((t+@1,.j ~1)N +j,iN* +(i-1)N +j) be equal
to one. An arbitrary empty run in the amount
of Kz,»,(t) wagons from station / to station j on
day ¢ of the planning period, in case when
t +@2ij does not exceed T, corresponds to the
matrix 4, element equals to one with coordi-
nates ((1+62,—1)N + j,tN* +(i=1)N + j). It
can be seen that in the case of empty runs,
the value 7N? is additionally added to the
second component of the coordinate of the
matrix A, element equals to one. This is due
to the fact that the empty runs in the vec-
tor K correspond to the second half of this
vector, which begins with the coordinate
TN? + 1 and ends with the last element with
the coordinate 2 TN2. Thus, the algorithm for
constructing the 4, matrix consists of taking
a null matrix of size TN by 27N? and placing
elements equal to one in it, iterating over all
the elements of the vector K (or, what is the
same, iterating over all the elements of the
matrices K1(¢) and K2(?),t€{l1, ..., T}).
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Afterthe A, and A  matrices are defined, the

constraint (3) can be rewritten as 4, - K+ §, =
=A - Kor, similarly,as (4 — A ) - K=S,.

Linear programming problem

After all vectors and matrices are defined in
the new format, the problem (2), (3), (4), (6)
may be rewritten in a new format:

PC" - K > max, (7)
Subject to
(A —A4,) K =5, ¢))
A, K< 0 )
K>0. (10)

The problem statement (7)—(10) is abso-
lutely identical to the task (2), (3), (4), (6), but
its advantage is that it is written in the format of
a classical linear programming problem, which
allows one to solve it using appropriate meth-
ods and software tools.

4. Solving transport
problem using artificial data
as an example

As an illustrative example of solving the trans-
port problem, a simple model example with a

small number of stations and a short planning
horizon is considered.

Let the number of stations be 4 (N =4), and
the planning horizon is 3 days (7= 3). The list
of received requests consists of five items. We
present these requests in Table 1.

Based on the list of requests, one needs to cre-
ate two matrices — the matrix of tariffs P, ele-
ments of which are written in conditional units,
and the matrix of the volume of requests O:

0 0 29 0 0 0 30

. 0 23 0] =~ |50 4 0
P= ;0= .

0 19 0 2.1 0 7 06

0 0 0 O 0 00O

Travel time of both loaded and empty wagons
are given in matrices @1 and ©2 bellow:

Ol=

— e e O
[\ R \S BN eI \S)
’—‘o[\)’—‘

1
1
1
1

N — = =
—_— N =

Recall that the diagonal elements of the
matrix are taken to be equal to one. This is due
to the fact that if the wagons are left at the sta-
tion until the next day, it is equivalent to their
being sent from this station to itself on a trip
lasting one day.

Table 1.

List of requests for cargo transportation in the model example

Destination station

Ne Departure station

ST 07 e Rate (in conditional units)

(in wagons)
1 1 3 3 2.9
2 2 1 5 1.1
3 2 3 4 2.3
4 3 2 7 19
5 3 4 6 2.1
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The values of Russian Railways tariffs for
empty runs, as well as rates expressed in condi-
tional units, are characterized by the values of
matrix elements C:

0 19 13 19
1.2 0 18 0.9
.1 1.2 0 1.6
1.3 1.5 1.2 0

C=

It is assumed that wagons can stay at stations
until the next day for free, so the diagonal ele-
ments of the matrix C are zero.

The initial distribution of wagons is charac-
terized by the following vectors:

0 5
S°(H=|2 [; $°(2)=| 0
1 0
3 1

During the period 7= 3, wagons do not arrive,
which is equivalent to the zero vector S°(3).

Let’s rewrite this problem in the new nota-
tion. The PC vector has a dimension of 2TN? =
=2 .3 .16 = 96. The representation of such a
vector in explicit form will not fit on the page,
so let’s consider the intermediate vectors p and
¢ of length N? = 16, made up on the basis of
matrices Pand C:

0 0
0 1.9
2.9 1.3
0 1.9
1.1 1.2
0 0
2.3 1.8
0 0.9
P=1 0 7] 11
1.9 1.2
0 0
2.1 1.4
0 1.3
0 1.5
0 1.2
0 0

The PC vector is obtained by successive con-

catenation of these vectors, namely:
T

PC=(p", p", p". " M)

The vector O, obtained from the matrix 0

and having dimension N? =16, takes the fol-
lowing form:

Q
Il
SO DO OO gOoO O PPoULmMOo WO O

The vector S°, which dimensionis TN=3-4=
= 12, is constructed on the basis of vectors
S°(1)and S°(2) and has the following form:

§°=(0 213500100 00).

It remains to get the matrices 4, , 4 , and
AQ. Dimension of the matrix AQ equals to
(N?2x2TN?*) = (16 x 96). Let’s write it in the
sparse matrix format, i.e. specify the coordi-
nates of non-zero elements equal to one. The
list of coordinates of elements equal to one
of the AQ matrix is as follows (here and eve-
rywhere else, the numbering of rows and col-

umns begins with one):

(1,1),(2,2),(3,3),(4,4),(5,5),(6,6),(7,7),(8,8),
O, 9), (10, 10), (11, 11), (12, 12), (13, 13),
(14, 14), (15, 15), (16, 16), (1, 17), (2, 18),
(3, 19), (4, 20), (5, 21), (6, 22), (7, 23), (8, 24),
9, 25), (10, 26), (11, 27), (12, 28), (13, 29),
(14, 30), (15, 31), (16, 32), (1, 33), (2, 34),
(3, 35), (4, 36), (5, 37), (6, 38), (7, 39), (8, 40),



9, 41), (10, 42), (11, 43), (12, 44), (13, 45),
(14, 46), (15, 47), (16, 48).

The same format is used for the 4 and 4,
matrices, which dimension is (TN x 27TN? =
= (12 x96). The list of coordinates of elements
equal to one of the A, matrix:

S, D, (7, 3), (12,4), (5, 5), (6, 6), (8, 8),
(5, 9), (10, 10), (7, 11), (5, 13), (10, 14),
(7, 15), (8, 16), (9, 17), (11, 19), (9, 21),
(10, 22), (12, 24), (9, 25), (11, 27), (9, 25),
(11, 27), (9, 29), (11, 31), (12, 32), (5, 49),
(7, 51), (5, 53), (6, 54), (8, 56), (5, 57),
(10, 58), (7, 59), (5, 61), (10, 62), (7, 63),
(8, 64), (9, 65), (10, 70), (12, 72), (9, 73),
(11, 75), (9, 77), (11, 79), (12, 80).

List of coordinates of elements equal to one
of the A A matrix:

(1, D, (1, 2), (1, 3), (1, 4), (2, 5), (2, 6),
2,7, (2,8),(3,9), (3, 10), (3, 11), (3, 12),
(4,13), (4, 14), (4, 15), (4, 16), (5, 17), (5, 18),
(5,19), (5, 20), (6, 21), (6, 22), (6, 23), (6, 24),
(7, 25),(7,26),(7,27), (7, 28), (8, 29), (8, 30),
(8,31),(8,32),(9,33),(9, 34), (9, 35), (9, 36),
(10, 37), (10, 38), (10, 39), (10, 40), (11, 41),
(11, 42), (11, 43), (11, 44), (12, 45), (12, 46),
(12, 47), (12, 48), (1, 49), (1, 50), (1, 51),
(1,52),(2,53), (2,54), (2, 55), (2, 56), (3, 57),
(3, 58), (3, 59), (3, 60), (4, 61), (4, 62),
(4,63), (4,64), (5,65), (5, 66), (5, 67), (5, 68),
(6,69), (6,70), (6,71), (6,72),(7,73),(7,74),
(7,75),(7,76), (8,77), (8, 78), (8, 79), (8, 80),
9, 81), (9, 82), (9, 83), (9, 84), (10, 85),
(10, 86), (10, 87), (10, 88), (11, 89), (11, 90),
(11, 91), (11, 92), (12, 93), (12, 94), (12, 95),
(12, 96).

After all vectors and matrices are defined,
problem (7)—(10) can be solved. The result of
solving this problem is vector K, which dimen-
sion is 27N? = 96. Let’s give one of the solu-
tions found, writing out the values of only non-
zero elements of vector K:

K,=2K,=1;K°=2K,=2K,=4,K,=2;
1(6223; 1(6522; ](6721;[(79=];K81=2'

This solution may be rewritten in the format
of matrices K1(¢) and K2(¢):

0 0 0 O 0 0 3 0
00 2 0 0 0 0 O
K1(1) = ; K1(2) = ;
01 0O 02 00
0 0 0 O 0 0 0 O
0 0 0O (11)
0 0 2 0
K1(3) = ;
0 2 0 6
0 0 0O
0 0 0 O 00 2 0
0 0 0O 0 0 0O
K2() = ; K2(2) = ;
0 0 0O 0 0 0O
01 2 0 0 01 0
0 00O (12)
0 0 0O
K2(3) = .
0 0 0O
0 0 0O

The resulting solution (11), (12), due to the
small scale of the problem, can also be repre-
sented by diagram shown in Figure 1.

The profit of the resulting solution can be cal-
culated in two equivalent ways — either based
on the formula used in (2), or as the product of
the vectors PC”- K. For this problem, its value,
expressed in conditional units, is equal to 32.3.

Let’s analyze the resulting solution. It can
be seen that one of the requests for the trans-
portation of 5 wagons from station 2 to sta-
tion 1 remained unfulfilled. The request
for transportation of 7 wagons from station
3 to station 2 must be partially fulfilled in
the amount of 5 wagons. All other requests
according to the plan are going to be fulfilled
wholly. In accordance with the plan requests
from station 1 to station 3, as well as from sta-
tion 3 to station 4, are going to be executed
completely by using one run. Requests from
station 2 to station 3 and from station 3 to
station 2 have to be executed in stages — two
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Fig. 1. Schematic representation of the solution (11), (12)

runs for the first request and three runs for
the second one. Also, the plan found offers
execution of several empty runs. So, on the
first day, one empty wagon is sent from sta-
tion 4 to station 2, and two empty wagons are
sent from station 4 to station 3. The duration
of the first empty run is 2 days (the wagon
will arrive at station 2 by the third period),
the duration of the second empty run is one
day. Similarly, on the second day there are
two empty runs: one wagon from station 4
to station 3 and two wagons from station 1
to station 3, the duration of both runs is one
day. There are no empty runs scheduled for
the final third period.

Conclusion

This paper considers the transport prob-
lem that arises for transport operators when
managing a fleet of freight rail cars. The
approach proposed in this paper allows us
to find the optimal plan on the entire set
of possible routes, while the methods asso-

ciated with the column generation method
search for optimal plans on subsets of all
possible routes. The significant disadvantage
of the proposed approach is that it requires
significantly more time for calculation then
methods associated with generating columns
approach. Therefore, it is important to sug-
gest ways to modify this approach, which will
lead to acceleration of computing processes.

The large dimension of the problem is
mainly due to the fact that statement (2)—
(4), (6) takes into account all possible routes,
including those that do not actually exist. In
particular, this applies to cargo routes. In this
statement, all cargo routes are considered,
although only a small percentage of them are
relevant (only those specified in the requests
are relevant).

When solving the problem based on real
data, the number of stations can be equal to
about 1000, the dimension of the vector K
in this case will be about 27N2=1.2-10% in
the case when planning horizon is 7= 60. It
is clear that in practice, the linear program-



ming problem with such a dimension cannot
be solved in a reasonable time.

Vector K consists of two parts, the first
part is based on matrices K1(7); the second
part is based on matrices K1(7). If for empty
routes it is not known in advance which of
them will be used and which will not, then
in the case of cargo routes it is known that
only those specified in the requests will be in
use, so the remaining routes may be removed
from consideration. This means that it is
more rational to take into account only those
elements of the matrices K1(?), te{l, ..., T}
that correspond to the cargo routes specified
in the submitted requests. Only these cargo
routes should also be taken into account
in the K vector, as there is no sense to take
into account other cargo routes. Thus, the
dimension of the vector K can be signifi-
cantly reduced. Obviously, it is necessary
to exclude such routes not only from the K
vector: the PC vector generation algorithm,
as well as the AQ, A, and A A matrix gener-
ation algorithms, also must be modified. In
this paper, to simplify the presentation, the
specified algorithms for forming vectors and
matrices are not considered.

To assess how much the size of the prob-
lem can be reduced, let's look at the data of
a real problem, in which N = 1126, and the
number of requests equal to the number of
demanded cargo routes is 1616. Under these
conditions, the first part of the modified vec-
tor K, which is responsible for cargo runs,
at 7= 60 has the dimension 7' 1616 = 96960
instead of TN? =76072560. It is easy to see
that the dimension of the first part of the
vector K is reduced by almost 800 times. If
the algorithm for forming the second part
of the vector K responsible for empty runs
is left unchanged, then the dimension of the
vector K in the modified algorithm will be
T-1616 + TN? = 76169520 instead of 2TN?* =
= 152145120, i.e. it will be reduced by almost
half.

Separately, it can be noted that the planning
horizon of one month is too short to solve
real problems. This is due to the fact that with
such a planning horizon, the result of optimi-
zation may be a plan in which a large number
of requests with the maximum rate, as well as
the maximum distance and duration of routes
will be planned for the last days of the planned
month. The implementation of this plan will
lead to the maximum possible profit in the
planning month; however, this is fraught with
the fact that in the month following the plan-
ning month, the wagons may be distributed
in a manner extremely inconvenient both in
space and in time of arrival at destination sta-
tions. Obviously, this may lead to a noticeable
decrease in profit in the next month. Based
on this, the planning horizon in the optimi-
zation model should be increased. However, if
one increases the planning horizon to several
months, then each of these months should be
planned for its own separate list of requests.
Generally speaking, the lists of requests for
different months should not coincide, but
since only the current list of requests is known
for sure and the requests for the following
months are unknown, within the model it can
be assumed that the lists of requests expected
in the future months coincides with the cur-
rent list. We consider it reasonable to take
two months as the planning horizon, such an
expansion of the planning horizon will lead
to a twofold increase in the dimension of the
problem.

Further work on the model should be done
in the direction of taking into account more
factors, as well as in the direction of optimiz-
ing computational processes by reducing the
dimension of the problem. All of the above is
expected to be taken into account in future
works. m
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Introduction

esearch into strategic management is

usually said to have begun in the mid-

1960s. Sometimes 1951 is cited [1].
But studies on military strategic construction
appeared much earlier: for instance, Sun Tzu’s
famous treatise on the art of war is attributed
to the 5th century BC. The range of studies on
strategic management began to expand rapidly
in the early 1980s, when business leaders faced
the growing complexity of the business world
and realized the need for strategic analysis of
the prospects for their business success.

In recent years, business has come up
against new challenges that require a sub-
stantial revision of established concepts and
traditional strategic management tools [2].
One of the most serious problems that man-
agers have been facing recently is under-
standing complex causal chains that deter-
mine the impact of the external and internal
conditions of an enterprise on the goals and
properties of the strategy being developed.
Today, this problem is compounded by the
growing complexity and instability of the
economic environment, leading to numer-
ous uncertainties and risks.

In the new environment, the use of tradi-
tional strategic management tools encoun-
ters serious limitations everywhere, dictating
the need to create new tools that are appropri-
ate to the research nature of modern manage-
ment practice [3]. Ideas and methods of the
cognitive approach open up great opportuni-
ties for creating such tools [4, 5]. Cognitive
approach-based support tools can be regarded
as tools of a new generation forming within
the framework of the research paradigm of the
cognitive science [6]. This paradigm today is
focused on solving a wide range of complex
problems of the modern world in a variety of
fields: economics, sociology, politics, ecology,
industry, business, emergency situations, etc.,
including strategic management.

There are many studies devoted to cogni-
tive management. However, most of them
have been conducted by management theo-
rists, mathematicians or psychologists, and
they are very far from the demands of man-
agement practice. More than thirty years
have passed since the birth of the cognitive
school of management [7]. Numerous pub-
lications widely discuss the tempting and
promising prospects of this school, however,
to date, there is still no developed cognitive
management engineering, which (as in the
case of all other knowledge-based technolo-
gies) is a critical link in cognitive analytics

8].

It is significant that of all the publications
on cognitive management we have analyzed
(academic journals, monographs, confer-
ence proceedings) we have not come across
a single one written by a specialist with expe-
rience in the practical development of com-
mercial models. Most of those publications
analyze the problems of the cognitive process
and discuss theoretical problems for future
research.

At the same time, long-term practice con-
vincingly indicates that an important pre-
requisite for creating the engineering of
all knowledge-based technologies without
exception [8] is critical analysis and gener-
alization of the results of applied develop-
ments that form the empirical “axiomatics”
of the problem area, which is no less impor-
tant than numerous theoretical construc-
tions.

Even thirty years ago, the authors of [7]
pointed out that the body of work of cogni-
tive school followers “forms not so much a
tight school of thought as a loose collection
of research, which seems, nonetheless, to be
growing into such a school. If it can deliver
on its intentions, it could very well transform
the teaching and practice of strategy as we
know it today” [7].



In our opinion, the solution to this complex
“stagnant” problem can be facilitated by the
creation of advanced cognitive management
engineering, which includes two basic com-
ponents: a single conceptual framework that
combines the entire variety of existing strate-
gic concepts and a systematic library of cog-
nitive tools that allow these concepts to be
implemented in concrete strategic projects.

Apparently, the possibly most effective
way to solve this problem is a convergence
of ideas and methods of the cognitive school
of strategic management and the empirical
experience gained in knowledge engineering
[9]. In this paper, we propose one of the pos-
sible versions of the conceptual framework
constructed in this way, presenting the results
of the development and testing of cognitive
models for four research projects differing in
industry orientation, internal conditions and
different dynamics of the macroeconomic
environment obtained within this frame-
work. The goal in these projects was not to
create commercial support tools. The main
goal pursued by the authors of the projects
was to test the possibility of using a single
conceptual framework when creating applied
models for enterprises of various configura-
tions. The developments were of a research
nature and were carried out from 2004 to
2018 by four independent groups.

In the following paragraphs, we provide:

(1) a general description of the cognitive
approach to the problem of strategic man-
agement modeling reflecting the characteris-
tics of enterprise management in an unstable
economic environment;

(2) the proposed conceptual framework of
cognitive management, integrating modern
cognitive experience in a single ontological
project;

(3) abrief description of the cognitive mod-
els developed during the implementation of
these projects;

(4) some most significant, in our opinion,
results obtained by us in the development and
testing of models, which, taking into account
the specifics of concrete projects, can never-
theless be of interest to a wide range of spe-
cialists concerned with engineering issues.

The findings presented in the conclusion
reflect not only the opinions of the model
makers, but also the opinions of the pro-
ject stakeholders, as well as the experience in
developing cognitive models in other areas.

1. General description
of the cognitive
approach

Modern ideas of the cognitive approach to
the management of complex problem situa-
tions have been described in numerous publi-
cations, e.g. [4, 5, 10]. Within the framework
of these ideas, cognitive modeling is a cogni-
tive map-based modeling aimed at studying a
problem situation and finding the optimal (in
one sense or another) strategy for managing
this situation. The main components of cog-
nitive models are the cognitive map and meth-
ods of its analysis.

1.1. Cognitive map

A cognitive map is an explicit representation
of “mental models” [11] of management sub-
jects about the conceptual structure, laws or
patterns of a problem situation.

The main components of a cognitive map
are:

(1) a set of basic factors characterizing the
problem situation (the management object
and its external environment);

(2) cause-and-effect (causal) relations
between basic factors represented by certain
formalisms.

Currently, the formalism of digraphs is used
to build cognitive maps in most cases [12].
The vertices of the digraph are the factors of



the problem situation, and the arcs are the
causal relations between them.

On the set of basic factors, we set:

4+ a subset of target factors reflecting the
desired state of the management object,

4+ subsets of uncontrollable and controllable
factors of the management object,

4+ a subset of external environment factors
that may affect the problem situation.

For each of the factors, its current value or
the tendency of its variation is established. For
causal relations, the nature of the impact of
the cause factors on the effect factors is estab-
lished.

Situation management consists in such a
change in the controllable factors of the man-
agement object that would lead to the desired
changes in the target factors.

It should be noted that digraph-based maps
are currently the most popular in cognitive
research, however the range of formalisms that
can be used in the building of cognitive maps
is much wider. Along with the digraph formal-
ism, cognitive maps can also employ such for-
malisms as M. Minsky’s frames, genetic net-
works, relational matrices of the American
Society for Quality, scenario networks, etc.

1.2. Cognitive map
analysis methods

Cognitive map analysis methods are devel-
oped to conduct model experiments on a cog-
nitive map in order to solve a wide range of
management problems, e.g. choosing the stra-
tegic goals of an enterprise, strategic diagnos-
tics of the external and internal environment
of an enterprise, developing an “optimal” (in
one sense or another) enterprise strategy in an
uncertain and dynamic economic environ-
ment, auditing a strategy, assessing its stability
and effectiveness, adjusting strategy in a chang-
ing environment, etc.

2. Conceptual framework
of cognitive management

The problem of finding the best strategy in
today’s business environments is extremely
complex. It can be fully regarded among the
class of complex problems, the solution of
which is beyond the competence of the tradi-
tional theory of strategic management.

The “phenomenon of complexity” is due to
five major features of modern strategic man-
agement, which management practice faces
everywhere nowadays. Such features are: the
uniqueness of each strategic project, multi-
factoriality, multidimensionality (multidisci-
plinarity), dynamism and uncertainty of the
problem of strategic choice, the substantial
role of strategy developers’ mentality, as well as
strategic decision makers.

There have been known attempts to cre-
ate one-size-fits-all cognitive support tools for
strategic problem solvers [13—16]. However,
practice shows that in the complex and diverse
environment in which modern enterprises
operate, the creation of universal tools is futile
and does not justify itself. What is needed is not
universal tools but some unified methodology
that allows building cognitive models for con-
crete enterprises for a concrete period of time,
taking into account the strategic vision of the
owners and managers of this enterprise [17].

The first step in the formation of this kind of
methodology is the development of a concep-
tual framework of cognitive management that
is common to all its applications. The funda-
mental fact here is that a conceptual frame-
work in such a complex problematic envi-
ronment cannot be developed on the basis of
traditional formal axiomatic approaches. The
empirical approach widely used in knowledge-
based technologies [18] is apparently more
appropriate here.

Within this approach, the conceptual frame-
work of cognitive management can be repre-
sented as follows:



P(CM): S°(C) = S(O) | v
where P (CM) is the full knowledge of the prob-
lem area of cognitive management;

S°(C) is the current state of the analyzed
business situation set on the cognitive map;

S¢(C) is the target state of the analyzed busi-
ness situation set on the cognitive map;

U(P) is the management strategy establish-
ing the sequence of strategic steps that ensure
the transition of the business situation from So
to Sc.

It is clear that the full knowledge P(CM) should
reflect the accumulated theoretical and practi-
cal experience of the problem area.

The study and critical analysis of the vast
material devoted to cognitive modeling of
management problems [19—26], as well as the
authors’ personal experience suggest that the
full knowledge P(CM) can be represented as
an ontological project including the following
sections:

1. Applied problems that can be solved with
the help of cognitive management engineer-
ing. The problems can be presented in the form
of separate questions to which answers can
be obtained and, thus, they are the subject of
engineering.

2. A set of postulates or axioms that show
what assumptions were made during the devel-
opment of engineering. The axioms or pos-
tulates describe the conditions and limits of
applicability of engineering.

3. The list of concepts of strategic manage-
ment that are currently in place in manage-
ment science and practice.

4. A systematized library of applied tools to
implement these concepts in specific strategic
projects.

4.1 Support tools for choosing the concept of
strategic enterprise management.

4.2. Support tools for choosing the language
of presentation (formalism) of cognitive maps.

4.3. Support tools for structural and func-
tional identification and parameterization of
cognitive maps.

4.5. Many methods of analysis of cognitive
maps for solving applied problems.

The structure of P(CM) presented is essen-
tially a “protoframe” of engineering and solves
two important problems.

First, it expands the traditional idea of
schemes for solving applied problems of stra-
tegic management by including the stages of
postulating cognitive analysis, choosing the
concept of strategic management, choosing
an appropriate language for representing cog-
nitive maps, carrying out structural and func-
tional identification and parameterization
of cognitive maps. Without addressing these
issues, cognitive business analysis in most
cases loses all practical meaning.

Second, it systematizes the directions of
efforts aimed at the development and accumu-
lation of applied capabilities of cognitive anal-
ysis in solving issues that are important in the
context of management practice, including but
not limited to:

4+ identification of contradictions between
the goals set by the management subjects;

4+ analysis of the effectiveness of the con-
trollable factors of the cognitive map and their
importance according to the degree of impact
on the established goals;

4+ designing various options for management
strategies (“self-development strategy” and
various versions of “controlled development
strategies”);

4+ modeling the dynamics of alternative man-
agement strategies in various scenarios of the
development of the external environment and
choosing the optimal (in one sense or another)
strategy;,



4+ studying the stability of the selected
strategy in critical situations caused by pos-
sible external environment threats;

4+ monitoring the strategy in the process of
its implementation;

4 retrospective analysis of the adequacy of
the cognitive map and its adjustment.

The production part of the ontological
project today includes a lot of publications
related to solving the main problem of stra-
tegic management — choosing the enter-
prise development strategy.

A preliminary systematization of these
studies can be done using descriptors char-
acterizing their engineering efficiency:

1. the horizon of analysis, which the tool
is focused on (short-term, medium-term,
long-term);

2. the nature of the external environment
of enterprises for which the tool is devel-
oped (static, dynamic);

3. the stage of development of the strat-
egy for which the tool is intended (strategic
identification of the external and internal
environment of the enterprise, conceptual-
ization of the strategic vision of the owners
and top management of the enterprise, for-
malization of the strategic vision in the form
of a cognitive map, development (selection)
of map analysis methods, testing of the cog-
nitive model [27]);

4. the level of development of the tool
(theoretical proposal, demonstration proto-
type, research prototype, functional proto-
type, industrial version [9]).

We use this systematization to character-
ize the cognitive models developed during
the implementation of the four mentioned
projects.

3. Cognitive
analysis projects

Project 1. An assessment of the strate-
gic prospects of an offshore oil company in
the Caspian Sea region, the operating con-
ditions of which are characterized by typi-
cal modern trends: fluctuations in world oil
prices caused by geopolitical factors, the
global financial crisis, growing government
regulation, tightening environmental stand-
ards. The study was carried out jointly with
the Petroleum Engineering Department of
the Texas A&M University (College Station,
Texas, USA) under a creative cooperation
agreement with BP Azerbaijan.

Project 2. Identification of key competen-
cies for the strategic development of a tel-
ecommunications company — a regional
dealer of Microsoft, Cisco Systems, HP,
Intel. The company is engaged in the devel-
opment, installation and maintenance
of industrial, administrative and medical
information systems, as well as IP and CTI
telephony systems for telecom service pro-
viders and corporate clients.

Project 3. Analysis of management effec-
tiveness at a poultry enterprise of a holding
company in Baku. The problem was caused
by the critical situation due to an increase in
prices for raw materials and feeds, a decrease
in prices for finished products, an increase in
competitive pressure, difficulties in obtain-
ing commercial loans, insufficient qualifica-
tions of managerial personnel, as well as a
decrease in the share of profits allocated to
the refinancing of the enterprise (in particu-
lar, due to the corruptive pressure of the reg-
ulatory authorities).

Project 4. Selection of regional ICT man-
agement strategy. The project was imple-
mented with financial support from the
Ministry of Communications and Informa-
tion Technologies of Azerbaijan. Its rele-
vance was due to the fact that the transition
of the country to the information (digital)



economy made the issue of the impact of
information and communication technolo-
gies (ICT) on the economic growth of var-
ious economic entities vital. The issue was
most acute at the regional level. This prob-
lem is quite complicated. Until now, it has
been the subject of numerous discussions
and has been known in economic practice
for over thirty years as R. Solow’s paradox
(“the productivity paradox”) [28].

The problem is multifactorial, uncertain
and dynamic and cannot be solved using tra-
ditional econometric methods. Those inter-
ested in this issue can browse the Internet
to see how many unsuccessful attempts to
tackle it have been made in international
practice. In particular, the authors of such
attempts used such methods as correlation
and regression analysis, estimation meth-
ods based on the Cobb—Douglas production
function, research based on the methodol-
ogy of economic impact analysis. Mention
may be made of the iSociety project sup-
ported by Microsoft and Pricewaterhouse-
Coopers that examined the impact of ICT
on the efficiency of everyday business in the
UK, as well as the McKinsey study that ana-
lyzed the channels of the impact of ICT on
productivity based on the study of relevant
business processes.

In our case, a cognitive approach was used
to solve the problem posed [29]. The results
of a large-scale Economist Intelligence Unit
study (EIU, 2004), which is a combination
of system analysis methodology and business
review, were used as a conceptual basis at the
stage of strategic concept selection.

Model experiments conducted during the
implementation of this project have shown
that cognitive modeling opens up fundamen-
tally new opportunities not only for assess-
ing the economic impact of ICT, but also for
managing this impact, i.e. for carrying out
an effective ICT management strategy.

4. Brief description
of the developed
cognitive models

The main characteristics of the models devel-
oped in the above projects were:

4+ the adopted concept of strategic manage-
ment;

4+ the cognitive map formalism reflecting the
logic of the adopted concept;

+ methods for building and analyzing a cog-
nitive map;

4+ scales for assessing the values of basic fac-
tors and causal relations of the map.

The characteristics of the models developed
in these projects are shown in Table 1.

Examples of building cognitive maps can be
found in [29, 30].

5. Discussion

The experience of developing and testing
cognitive models in these projects has shown
the following:

1. In practical business problems, cognitive
modeling faces the same difficulties as other
intelligent (knowledge-based) technologies.
This is an issue of high-quality expert knowl-
edge used in building cognitive models, all
kinds of “traps” and “expert paradoxes” [9]
that arise when working with experts, diffi-
culties in choosing an appropriate detail level
for cognitive maps, and an urgent need for an
intermediary specialist (knowledge engineer,
meta-interpreter cognitologist), etc.

2. Cognitive modeling acquires practical
significance only within the framework of
the strategic diagnostic methodology, which
includes the stages of macroeconomic and
marketing analysis in the context of the exter-
nal environment dynamics. Ignoring these
stages reduces cognitive models to mathemat-
ical objects that are far removed from the real-
ities of business practice.



MODELING OF SOCIAL AND ECONOMIC SYSTEMS

Table 1.

Characteristics of the cognitive models developed during
the implementation of the projects

Project Adopted o Scales
No. (project concept Strtu alllg) c“:: huﬂ:lm_g for assessing
development of business ype anc anaysis factors
of CM methods
level) strategy and trends
Building methods:
SWOT analysis. PESTLE analysis.
, “Resource— Implicit repertoire lattices of S. Hinckle. _
Prol[;agt 1 oriented” Digraph Interaction matrix (L. Jones, 1982) 5_?.0'm bipolar
(OP) (R. Grant, 1987) Analysis methods: Inguistie
Models of linear dynamics F. Roberts.
Scenario analysis method.
Building methods:
Ishikawa diagrams.
VRIO analysis (J. Barney, 1987).
“ Relational eTOM.4.0 business process model
. School ., | Matrices | (Intern. Telecommunication Union/Stand- _
Project 2. of competencies (ASQ Matrix | ardization Sector). “Consumer opinion 10—pp ”.]t
(RP) (C. Prahalad, XL Diagram) | model” (IBM, USA). “Resource model” linguistic
G. Hamel, 1990) (8] (American Society for Quality, USA).
Analysis methods:
Fuzzy causal grid analysis [8].
T. Saati hierarchy analysis method.
Building methods:
SWOT analysis. PESTLE analysis.
“Competitive analysis model”
(M. Porter, 2003).
. L Methods of psychosemantics and o
Project 3. Migration Digraph |  multidimensional non-metric scaling 5-point bipolar
(RP) strategy” [1] (M. Davidson, 2003). linguistic
Analysis methods:
Qualitative dynamics models based on
rules [5] and temporal logic
(Pospelov, 1986).
. Building methods:
. Econ_omlst . System analysis + Business review ,
Project 4 Intelligence Minsky PESTLE analysis 10-point
(RP) Unit concept frames ] linguistic
(EIU, 2004) Ana]ys:s mgthods:
Scenario modeling method

Legend: DP — demonsration prototype; RP — research prototype; BM — CM building methods; AM — CM analysis methods.
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3. One of the key issues of cognitive man-
agement is that of choosing a reasonable level
of detail (“granulation”) of cognitive maps.
It stems from the fact that the use of cogni-
tive maps with a low detail level often leads to
the loss of details wherein the devil is known to
be. A critical review of relevant literature and
discussions with colleagues has led us to con-
clude that the issue requires further study and
can be regarded as one of the areas for further
improvement of cognitive analysis, in particu-
lar, the development of an effective “multiscal-
ing” mechanism similar to the design proposed
by the RAND Corporation [31].

4. Serious difficulties arise in the scenario
analysis of the strategies developed. Non-
monotonic dynamics of the external environ-
ment and the need for a multivariate analysis
of strategies in a broad “scenario corridor”
require the development of an engineering
modeling technique that is different from
that offered by higher mathematics [19, 22].

5. Collaboration with employees of enter-
prises has shown that they did not have a
clear opinion on the effectiveness of cogni-
tive modeling. At the same time, 12 out of
17 respondents showed active interest and
felt that cognitive modeling is a promising
and useful technology. At the same time, our
observations have revealed a very important
latent feature of cognitive analysis: it stim-
ulates the cognitive and creative activity of
strategy developers in the most complex and
critical phase of “strategic thinking” — the
phase of afferent synthesis of strategic deci-
sions.

6. The work in the projects has convinc-
ingly confirmed the fact that the suitability
of cognitive models depends primarily on the
“quality” of knowledge in its foundation, the
carriers of which are the strategy developers,
their competencies and professional experi-
ence. Cognitive modeling only enhances and
expands their analytical potential.

7. The high changeability of the busi-
ness environment today imposes stringent
requirements on the timeframe of construct-
ing and testing cognitive models. This is
the fundamental difference between cogni-
tive management and many other cognitive
applications. In this regard, it becomes crit-
ically important to create effective support
tools (high-level languages, system shells,
scenario networks) for the “quick” develop-
ment and testing of cognitive models — an
issue that is currently completely dismissed
by theorists of the cognitive school.

Conclusion

Note some general considerations regard-
ing the advantages and shortcomings of cog-
nitive modeling, which, according to the
analysis of the few applied studies, are rel-
evant for other applications of the cognitive
approach.

1. As in all “knowledge-based” technologies,
the necessary condition for success is, first, the
experts involved (top managers, business con-
sultants) possessing high-quality knowledge
and, second, the involvement of a knowledge
engineer playing a key role in the initial stages
of the cognitive process.

2. The fundamental advantages of the cogni-
tive approach are:

« the capability to study the dynamics of
a business situation in a complex, rapidly
changing PEST environment, when the
available data is not enough to build a com-
plete simulation model;

« the capability to study business situations,
taking into account the multi-factorial
“institutional shell” of the enterprise [17];

« the capability to study business situations
in the presence of multiplicative and feed-
back connections between environmental
factors, as well as in the presence of vari-
ous threshold effects.



None of the many traditional strategic man-
agement support tools have such capabilities.

3. Cognitive analysis opens up new per-
spectives for decision theory. The possibil-
ity of purposeful generation of optimal strat-
egies, which is not available in well-known
commercial DSS packages, determines a fun-
damentally new approach to decision-mak-
ing: not “choosing the best solution from the
many available alternatives” (RAND Corpo-
ration paradigm), but purposefully generating
the “best solution”.

4. Testing of cognitive models has revealed a
number of challenges:

« due to the discrete structure of models,
only a rough approximation of continuous
processes is possible. One has to carefully
consider the sequence of factors in causal
networks and take into account whether
the effects of some factors on others are in
sync, or whether they are offset from each
other;

« one has to be careful when parameteriz-
ing cognitive maps, especially when evalu-
ating the strength of causal relations that
can change during scenario transforma-
tions;

« parameterization of cognitive models in
the case of complex (multi-factorial) cog-
nitive maps faces an “integrity issue.” The
widespread belief that the values of each

factor and each causal relation can be
determined individually is, in our opinion,
deeply erroneous. According to our obser-
vations, although these assessments are
made individually, they are highly corre-
lated with the gestalt of the problem situ-
ation formed by strategy developers on an
intuitive level [32]. This fact severely limits
the working formats of cognitive maps and
makes it unproductive to deal with popu-
lar large-format maps, in which basic fac-
tors and causal relations number in tens or
even hundreds.

5. The complex economic environment in
which enterprises operate today significantly
limits the possibilities of traditional economic
and mathematical modeling. In the prob-
lems of strategic choice, knowledge-based
modeling becomes relevant. Modern stra-
tegic research virtually turns into a complex
engineering art [ 18], shaping a new promising
trend of managerial business analytics. Criti-
cal analysis shows that cognitive management
is currently the only uncontested paradigm
that can ensure the successful implementa-
tion of this trend [33]. However, it also shows
that the field of cognitive management engi-
neering today is riddled with issues that must
be solved lest the cognitive school of manage-
ment, like thirty years ago, remain a tempting
and promising potential rather than a practi-
cal tool. m
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Abstract

The purpose of the research was to develop a market value appraisal methodology based on a set
of a joint logarithmically normal distribution of price-forming factors. Joint logarithmically normal
distribution means random vector component logarithms are distributed together jointly normally.
This article suggests a method for appraising the real estate market value based on the statistical
hypothesis of a joint logarithmically normal distribution and conditional distribution of prices with
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view of its relevance to pricing factor values. We consider the features of the coefficient of development
depending on the area of the land plot. Additional arguments are given in favor of estimating market
value as a mode of conditional laws of price distribution. An example of a multidimensional log-
normal distribution of prices and pricing factors such as the area of the improvements (improvements
mean buildings and constructions) area and the land area in real data, i.e. for the case of a three-
dimensional random vector. We present a formula for determining the absolute maximum density point
of a multidimensional logarithmically normal random vector. The proofis given in the Appendix. The
results obtained can be used to create information systems to support decision-making in valuation
activities for real estate properties.
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Introduction

ne of the most common methods in

market value real estate appraisals is

the linear regression model of prices
with some price-forming factors as regressors.
The factors can be qualitative (type of home,
encumbrance, floors, window view, the condi-
tion of the apartment/room, etc.) and quanti-
tative (area of the object or the land plot, dis-
tance to the city center, to the metro, to other
infrastructure objects, etc.).

There are various views on division the
pricing factors into classes. In the context
of this article, we mean splitting into qual-
itative and quantitative factors in terms of
the possibility of representing the values of
the factor as a real number (if such a possi-
bility exists, then the factor is quantitative).
Combining quantitative and qualitative fac-
tors in a single regression model presents a
certain difficulty for analysts. However, this
problem goes beyond the scope of the pre-
sent article: here we will limit ourselves only
to quantitative (real) factors. Very often such
factors, considered as random variables on a
set of objects of comparison, can usually be
approximated by a logarithmically normal
distribution. There are reasons to assume that
the prices of properties formed by sequential
comparisons follow the logarithmically nor-
mal distribution law.

The theoretical reason for the formation
of a lognormal general population for prices
formed by successive comparisons was given
in [1]. The fact of subordination of rental
rates in real estate to the logarithmically nor-
mal distribution was pointed out by Aitch-
inson and Brown in 1963 [2]. More recent
researchers have also pointed to the logarith-
mic distribution of prices in real estate [3].
This approach is not yet traditional from the
point of view of the existing practice of real
estate valuation, since it requires the use of
special applied statistical packages that are
not used by practicing appraisers, who use

a small number of objects for comparison.
At the same time, the changing informa-
tion environment encourages researchers to
look for new, non-traditional approaches to
real estate valuation. As an example, we can
cite the works [4—9] devoted to the method
of hedonistic pricing, i.e. the identification
of a statistical relationship between the aver-
age or median cost of housing, internal and
external price-forming factors.

Statistical dependence is usually esti-
mated using models of linear, logarithmic,
or partially logarithmic dependence. In gen-
eral, this same ideology is the basis for the
report on cadastral value [10] made by the St
Petersburg government department “Cadas-
tral assessment” in 2018. A number of works
use non-regression models for estimating
residential real estate objects: for example, in
[11, 12] neural networks are used to predict
the value of residential property, in [13, 14]
machine learning methods (random forest,
support vector method) are used, and in [15]
the results of using such methods as decision
trees, naive Bayesian classifier, and AdaBoost
are compared. These methods require the use
of large data samples. Another approach is
to use price indices. For example, the Case-
Shiller housing price index is considered
in [16]. Articles [17—19] study the re-sale
index, which predicts changes in the value
of a resold property based on the difference
in time and changes in its attributes between
the initial sale and subsequent resale. The
authors of [20—23] consider a hybrid method
that combines a hedonistic approach and a
method of re-selling.

The main approach to the study of price
bubbles is to use variations of auto regres-
sion methods applied to average prices, for
example, in [24—28]. Thus, the use of mul-
tidimensional logarithmically normal dis-
tributions is also in line with current trends
in the search for non-traditional methods in
real estate valuation.



1. Estimation of market
value based on conditional distributions
with fixed values of price-forming
quantitative factors

Let V' — be the price of the offer (or trans-
action), X, .., X — are the quantitative
(real) price — forming factors. Let W= In(V),
Y=In(X)),i=1, n(thenv=e", X =e").

Consider a multidimensional normal ran-
dom vector (W, Y, ..., Y ) with a mean vec-
tor (u,,, Hyps oo uyn). Let’s write the covariance
matrix in block form:

o cov(W, )7)
cV = N ,
cov(W, Y) cov

where COV — covariance matrix of a random
vectorY = (Y, ...,Y );
cov(W, Y) — vector (Pwy, G0y 5 -+ pwynawo-}’”);
2 2 2 . .
oy ,0y ...,0y — variances of random variables
WY, .. Y,

Pwy, >+ Py, — corresponding correlation

coefficients.

Then, the conditional expectation of W, if
Y =y,..,Y =y equalsto

E(WY, = y..Y, = 3,)

=, +(C0V1 xcov(W,Y)T ,(Y—/Ty)),

where ,LTY = (,Llyl sees My ) Conditional variance
of W,if Y, =y, ...Y =y isequalto

D(WlYl :y1a"',Yn :yn):

=0y, —(COV'l xcov(W, Y)T ,cov(W,)?))

For fixed values of price-forming factors
X =x,...,X =Xx the most probable value of the
offer price (or transaction, depending on what
prices were in the source data) V' is calculated
using the conditional mode formula:

Mode(V|X, =x,=¢",...,X, =x

n n
T
s

exp( g, +(COV ™" xcovW . 1)) (Y=, )= (1)

:ey”):

—o2 +(COV" xcov(W,Y)T,cov(W,Y)).

Under the terms of Federal Law No 135
[29], the market value is the most probable
price at which the evaluation object can be
alienated on the open market in conditions
of perfect competition. In practice, appraisers
tend to use an average or median estimation.
Such estimations can be based on conditional
expectation and a conditional median:

EWV|X, = x,=exp(y,),.... X, = x,=exp(y,)) =

T
s

=exp(,uw+(COV‘1xcov(W,)7) (Y—;Ty))+ Q)
+%Gv2,, —%(COV’IXCOV(I’V,Y)?COV(VI/’)7))).
Median(V|X, = x,=
exp(y), ---,Xn=x,,=exp(yn)) = (3)

= exp(4t, + COV " xcov(W ,Y)" (Y — 11,).

Thus, if with respect to some ensemble of
quantitative pricing factors and the prices of
objects of comparison can be adopted as a work-
ing hypothesis on the joint log-normal distri-
bution (joint normal distribution of the loga-
rithms) component of a random vector, then the
valuation can be accepted in the evaluation by
the formula (1). Estimates according to the for-
mulas (2) and (3) can also be taken; but it should
be noted that they do not follow the definition
of market value in accordance with Federal Law
No 135.

Let’s consider an example that uses real data
collected by well-known Russian appraisers and
was published on the resource [30]. The data set
includes 40 real estate objects of industrial and
warehouse use with a location in the same region
(St Petersburg), on offer for sale in the same time
period. Since the authors of the example justified
the rejection of a number of adjustments, in our
example we will also consider the data compa-
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rable and comparable without additional adjust- The items compared are considered as exist-
ments. Industrial and warehouse purpose real | ing industry and warehouse properties that are
estate is considered as a unit complex consisting | offered for sale in the current use. We will build
of aland plot and improvements (buildings). The | a general method for estimating the market
data set is presented in 7able 1. value (without auction discount), if the area

Table 1.

Source data

~ Priceto ~ Priceto
Blﬂg:‘g I:r'g: Offer prices IT:E:::T;?;S Bl::gi:g t?:: Offer prices ITSLg‘r’: Tziet?t:s
sq.m) | (sq.m) (rubles) (1rush(:faz1 p:fr sq.m) | (sq.m) (rubles) (:u;:(lfz1 p:fr
improvements) improvements)

400 2500 | 20500000 51250 5292 | 11143 | 56000000 10 582
750 5000 | 18000000 24000 5300 | 16000 | 220000000 41509
1081 3378 | 26000000 24 052 6011 | 11319 | 135000000 22 459
1130 | 6638 | 27500000 24 336 6013 | 20781 | 90000000 14 968
1320 | 4167 | 31500000 23 864 6060 | 21790 | 179000 000 29538
1440 | 10000 | 160000000 11111 6123 | 2390 | 152490000 24 904
1790 | 3462 | 93000000 51955 6479 | 7337 | 119000000 18 367
1900 | 13000 | 85000000 44737 6756 | 4220 | 90000000 13 321
2125 | 5623 | 85000000 40000 10000 | 12000 | 420000000 42 000
2642 | 5183 | 75000000 28 388 10300 | 17000 | 312000000 30 291
2700 | 6800 | 59000000 21852 10672 | 12194 | 350000 000 32796
1820 | 2737 | 32000000 17 582 10990 | 30000 | 480000000 43 676
2250 | 9252 | 84000000 37 333 12000 | 30000 | 300000000 25000
2973 | 5383 | 90000000 30272 13000 | 55000 | 200000 000 15385
3513 | 10000 | 80000000 22773 14428 | 33000 | 385000000 26 684
3600 | 5000 | 95000000 26 389 15000 | 37000 | 840000000 56 000
4000 | 13558 | 140000000 35000 18924 | 20600 | 800000 000 42 274
4124 | 12866 | 91000000 22 066 22312 | 40162 | 338541000 15173
4167 | 5000 | 125000000 29998 34082 | 478000 | 2500 000 000 73353
4257 | 6861 | 128500000 30186 35000 | 160 000 | 2 400 000 000 68 571
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of improvements and land are fixed (of course,
at the same time period, same real estate class,
and the same region).

In this case, there are random variables V' —
the offer price per 1 sq. m of improvements,
SB — the area of improvements, SP — the arca
of the land plot. They form a three-dimen-
sional random vector (V, SB, SP ). Let W =
=In(V), Y=In(SB), Z=1In(SP) (thenv=-e?,
SB = e¥, SP = e?). For a three-dimensional
normal random vector (W, Y, Z) the mean
vector is equal to (u,, , t,, ..., 1,). The covari-
ance matrix looks like:

2
Oy PwyOwOy PwzOwOz
_ 2
CV =| py,0,0y Oy Pyz0y07 |
2
PzwOwOz PzyOy0O, Oz
or.

cov(W,Y)

oy
cy = » ,
cov(W,Y) cov

2 b
Oz

2
where COV=[ %y 'DYZGYGZJ' Y=(Y,2)
PzyOyOy

cov(W, Y) =(PyyOWOYys PuzOWO,);
2 2 2 . .
oy ,0y,0, — variances of random variables
W.,Y, Z

Pwy = Pyw > Pwz = Pzw > Pyz - Pzv — corresponding
correlation coefficients.

Conditional expectation of W, if Y, Z= z

E(W|Y=y,Z=z)=
—\T
=y +(COVl xcov(X,Y) , (y—,uy,z—,uz)).
Conditional variance of W, if Y, Z=1z:
D(W|Y=y,Z=z)=
=0y, —(COV1 xcov(X,Y)T, cov(X,Y)).

Let’s set the values of the area of improve-
ments SB = sb and the area of the land plot

SP=sp. In accordance with the above notation
Y=1In(SB), Z=1In(SP), y = In(sh), z = In(sp).
The most probable value of the offer price V' for
known values of the area of improvements and
land area is calculated using the formula [31]:

Mode(V|SB=sb,SP = sp) =

-1 >\T
—exp(thy +(COV "' xcov(X.T ). (y— 2 11,) ~ (4

T

-0y, +(COV'1 xcov(W,)?) , cov(W,Y)))) .

Conditional expectation:
E(V|SB =sb, SP =E) =
T

Ly, +(COV™! xcov(X,Y), (Y=t 2=, + (5)

1,
+—o0,
2 w

—%(COV'lxc0v<W,Y)T, COV(W,Y)))-

Conditional median:
Median(V|SB = sb, SP= sp) = exp(u,, +
—\T
+ (COV1 xcov(W, Y) Y-y, 2y, )) ). (6)

Before applying formulas (4)—(6) to the data
in Table 1,1let’s check whether there are grounds
to assume the lognormality of distributions of
components of a random vector (V, SB, SP)
(joint normality of logarithms of their compo-
nents). The Kolmogorov—Smirnov parametric
test was used to check marginal distributions.
The following p-value figures are received:

V' — price of 1 sq. m of improvements: with
parameters meanlog = 10.3 and sdlog = 0.43
p-value is equal 0.7016;

SB — improvements area: with parameters
meanlog = 8.45 and sdlog = 1.02 p-value is
equal to 0.9761;

SP— plot of land area: with parameters mean-
log = 9.3 and sdlog = 1.01 p-value is equal to
0.8963.

Let’s check the three studied random vari-
ables for the joint normality of logarithms. To
do this, we use a well-known condition of joint



normality: in order for a multidimensional ran-
dom vector to have a multidimensional normal
distribution, it is necessary and sufficient that
any linear combination of its components is
distributed normally. The following procedure
was implemented in the statistical package R
environment:

4+ we take the logarithm from variables

4 the resulting logarithmic values of the vari-
ables are centered and normalized, each with
its own standard deviation;

4+ using the standard function R unif(3,0,1),
three weight coefficients are generated, and the
coefficients are normalized by their sum;

4 a linear combination of centered and nor-
malized logarithms is formed with random
positive coefficients equal to one;

4+ the resulting linear combination is tested
using the Kolmogorov-Smirnov normality test,
and the test result is written as a p-value in the
array;

4 the procedure with a random linear combi-
nation is repeated a specified number of times,
each time the p-value is written. Then the total
p-value array is compared to the critical level
(0.05).

Figure I shows a histogram in which p-val-
ues were obtained when the test was repeated
100 000 times.

The minimum of p-value is equal to
0.2867691; it is more than 0.05. The men-
tioned procedure of 100 000 time test repeating
of random linear combinations of components
of random vector (W, Y, Z) seems like a rea-
son for keeping the joint logarithmically com-
ponent distribution hypothesis as the working
one.

For the logarithms of the variables “Ratio of
price to area of improvements,” “Area of build-
ings,” “Area of land” specified in Table I, the
following values of the mean vector and covari-
ance matrix are obtained (7able 2).

The means are the following: x,,= 10,2993;
1, = 8,4469; 11, = 9,3506, o, = 0,2381,

Py OO y= Py 0, 0= 0,0108;
Py O w0~ Py,0,0,=0,1467,

o, =1,0635, p,,0,0,~p,0,0,=0,-8978,
o, =1,2140.

In the statistical package R, a program code
was implemented that allows us to calculate the
market value estimation based on the specified
values of the parameters “Building (improve-
ments) area” and “Land area” (formula (4)).

Density
3 ] —
2 -
1 .
KS test result

0 - distribution

I T T T T 1

0 0.2 04 0.6 0.4 1.0

Fig. 1. Results of testing random linear combinations
of centered and normalized vector components (W, Y, 2) = (In(V), In(SB), In(SP))
on joint normality by the Kolmogorov—Smirnov test



Table 2.
Means of the logarithms

Area
of land
(SP)

Area
of buildings

Ratio of price to area

of improvements

w (SB)

Means of logarithm

10.2993 8.4469 9.3506
Covariance matrix

0.2381 0.0108 0.1467

0.0108 1.0635 0.8978

0.1467 0.8978 1.2140

Similar calculations can be performed for esti-
mates based on median values or on mathe-
matical expectations (formulas (5) and (6)).
The results are shown in Table 3.

This table shows the following:

4+ the mode estimate is always lower than the
median estimate, and the median estimate is
always lower than the mathematical expecta-
tion estimate (author’s opinion: the market
value should be defined as a mode estimate,
in accordance with the terms of Federal Law
No 135, taking into account the asymmet-
ric distribution of prices, areas and distances
observed in the market);

4+ if the area of the land plot is con-
stant, the market value (1 sq. m of improve-
ments) decreases as the area of improvements
increases;

4+ if the area of improvements is constant,
the market value (1 sq. m of improvements)
increases as the land area increases;

4+ the formula (4) can be used to calculate the
market value of a property of the same class as
the comparison items for any values of improve-
ment areas and land (on the same date, for the
same location). Since there is no general con-
sensus in the evaluation community regarding

the numerical characteristics used for estimat-
ing market value (mode, median, mathemati-
cal expectation), formulas (5) and (6) can be
applied, but, strictly speaking, these do not fol-
low the definition of market value in accord-
ance with Federal Law No 135.

2. The ratio of the area
of improvements to land square
if the price offers are fixed

In [30] the authors considered the question of
pricing trends in the property market for indus-
trial and storage purposes, and the dependence
of the market value on the “density factor”
(development coefficient) of the land, which
is defined as the ratio of the area of improve-
ments to the area of land. The model of joint
logarithmically normal distribution of compo-
nents of a random vector (V, SB, SP) consid-
ered in this article also allows us to look at the
problem of forming price trends. The differ-
ence is that all the components of the random
vector (V, B, SP) are distributed on a positive
half-axis; for each given value V' = v, we can
specify the most probable values of the com-
ponents SB (improvement area) and SP (land
area) corresponding to the offer price. In con-
trast to the previous case (estimation of market
value based on the specified values SB and SP),
the area of possible deviations from the most
probable (median, average) values is not on the
numeric axis, but on the plane and consists (as
will be shown below) of nested sets obtained
from the scattering ellipses of logarithmic val-
ues SBand SPin the inverse exponential trans-
formation of the plane.

Let the offer price V= v be known. It is
necessary to estimate the ratio of the area of
improvements and land for a class of objects
with such an initial offer price, i.e. to select
objects with lower, middle and upper price
trends [30]. Denote the former: V' — bid price,
SB — area of improvements, SP — area of land,
W=In(V), Y=1In(SB), Z=In(SP) (then V= e",
SB=e", SP=¢&?).
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Table 3.
Estimates of market value per 1 sq. m of improvements
for various values of improvement areas, land plots

Moda Plot of land in sg. m.
estimation | 2 0go | 7000 |12 000 |17 000 | 22 000 | 27 000 | 32 000 | 37 000 | 42 000 | 47 000

400 | 26247 | 38298 | 45058 | 50049 | 54096 | 57543 | 60568 | 63279 | 65745 | 68014
2400 | 16938 | 24714 | 29076 | 32297 | 34909 | 37133 | 39085 | 40835 | 42426 | 43890
4400 | 14605 | 21310 | 25072 | 27849 | 30101 | 32019 | 33702 | 35211 | 36583 | 37845
6400 | 13327 | 19445 | 22877 | 25411 | 27466 | 29216 | 30752 | 32129 | 33381 | 34533
8400 | 12469 | 18194 | 21406 | 23777 | 25700 | 27337 | 28775 | 30062 | 31234 | 32312
10400 | 11835 | 17269 | 20317 | 22567 | 24392 | 25947 | 27311 | 28533 | 29645 | 30668
12400 | 11337 | 16542 | 19462 | 21618 | 23366 | 24855 | 26161 | 27332 | 28397 | 29377
14400 | 10930 | 15948 | 18763 | 20842 | 22527 | 23962 | 25222 | 26351 | 27378 | 28323
16400 | 10588 | 15449 | 18176 | 20189 | 21822 | 23212 | 24433 | 25527 | 26521 | 27 436
18400 | 10294 | 15021 | 17672 | 19629 | 21217 | 22569 | 23755 | 24818 | 25786 | 26 675
Median Plot of land in sg. m.

Improvements area in sg. m.

estimation | 2 9po | 7000 |12 000 |17 000 | 22 000 | 27 000 | 32 000 | 37 000 | 42 000 | 47 000
400 | 31947 | 46615 | 54843 | 60918 | 65844 | 70039 | 73722 | 77021 | 80023 | 82784

2400 | 20616 | 30081 | 35391 | 39311 | 42490 | 45197 | 47573 | 49703 | 51640 | 53 421
4400 | 17777 | 25938 | 30517 | 33897 | 36638 | 38972 | 41021 | 42858 | 44528 | 46 064
6400 | 16221 | 23668 | 27846 | 30930 | 33431 | 35561 | 37431 | 39106 | 40630 | 42032
8400 | 15177 | 22146 | 26055 | 28941 | 31281 | 33274 | 35023 | 36591 | 38017 | 39329
10400 | 14405 | 21019 | 24729 | 27468 | 29690 | 31581 | 33242 | 34730 | 36083 | 37328
12400 | 13799 | 20134 | 23688 | 26312 | 28440 | 30252 | 31843 | 33268 | 34564 | 35757
14400 | 13304 | 19412 | 22838 | 25368 | 27419 | 29166 | 30700 | 32074 | 33324 | 34473
16 400 | 12887 | 18804 | 22123 | 24574 | 26561 | 28253 | 29739 | 31070 | 32281 | 33395
18400 | 12530 | 18283 | 21510 | 23892 | 25824 | 27470 | 28914 | 30208 | 31385 | 32468
Expectation Plot of land in sq. m.
estimation | 2 oo | 7000 |12 000 |17 000 | 22 000 | 27 000 | 32 000 | 37 000 | 42 000 | 47 000

400 | 35246 | 51428 | 60506 | 67208 | 72643 | 77271 | 81334 | 84974 | 88285 | 91332
2400 | 22744 | 33187 | 39045 | 43370 | 46877 | 49864 | 52485 | 54835 | 56971 | 58 937
4400 | 19612 | 28616 | 33668 | 37397 | 40421 | 42996 | 45257 | 47283 | 49125 | 50820
6400 | 17895 | 26112 | 30721 | 34124 | 36883 | 39233 | 41296 | 43144 | 44825 | 46372
8400 | 16744 | 24432 | 28745 | 31929 | 34511 | 36710 | 38640 | 40369 | 41942 | 43389
10400 | 15893 | 23189 | 27283 | 30305 | 32755 | 34842 | 36674 | 38315 | 39809 | 41182
12400 | 15224 | 22213 | 26134 | 29029 | 31377 | 33376 | 35130 | 36703 | 38133 | 39449
14400 | 14677 | 21416 | 25196 | 27987 | 30250 | 32178 | 33869 | 35385 | 36764 | 38033
16400 | 14218 | 20746 | 24408 | 27111 | 29304 | 31171 | 32810 | 34278 | 35614 | 36843
18400 | 13824 | 20170 | 23731 | 26359 | 28491 | 30306 | 31899 | 33327 | 34626 | 35821

Improvements area in sg.m.

Improvements area in sg. m.
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As before, we consider a three-dimensional
normal random vector (W, Y, Z) with a mean
vector (u,,, i, it,) and covariance matrix

O-I%V PwyOwOy PwzOwOz
CV =| pyyoyoy 0)% Pyz0y0 7 |
PzwOwOz PzyOyOy O'é
or:
o, cov(W,Y)
CV: \T s
cov(W,Y) cov
2
O 0,0
whme(XN/=£ v Pl Z}
PzyOy0 4 Oz
Y = (Y,Z)

cov(W, )7) =(Pwyow oy, szgwo'z);

o, ,0;,0, — variances of random variables
Pwy = Pyw > Pwz = Pzw > Pyz - Pzv — corresponding
correlation coefficients.

Conditional expectation of vector ¥ = (Y.Z)
if W=w:

cov(W, Y)T

E(YIW =w)=p+

O
Prw O__Y(W_ﬂw)
[ﬂy] n w _
Hz

9z (- 7
Pzw O'W(W ,uw) (7)

Hy +pywi(w_:uw)
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w

Mz + Py G_Z(W_/UW)
Oy

Conditional covariance matrix if W =w:

cov (Y|W =w)=
cov(W)T xcov(W,Y) ~

2
Ow

= CoV -
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2
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2 2
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Let V' =v. In accordance with the notation
introduced above W = In(¥V), w = In(v). The
most probable combination of SB and SPin the
conditionif V'=v:

Mode(Y|V =v) =
—\T
~ cov(W,Y)
exp| i+ A (-, ) -
GW

COV(W)T xcov(W,Y)

-Cor + >
GW

Table 4 shows the results: most probable
combination of SB and SP in a few cases of bid
prices.

It should be noted that for each value of the
offer price, the most probable pair of SB, SPval-
ues is the only one (the building density coeffi-
cient in this case corresponds to the most prob-
able pair SB, SP). Trying to present as the most
convenient another pair of components of SB
and SP means choosing a point when there are
many other equally probable points, with a den-
sity less than the maximum, and for which the
building density coefficients will obviously be
different. Figure 2 shows images of two-dimen-
sional distributions of SB and SP for the offer
price of 7.000 rubles, 28.000 rubles (from left to
right), 100.000 rubles per 1 sq. m of improve-
ments.

It is possible to see that any other points in plane
SP, SB have any set of equal-probability points.
The sets of such points shown on Figure 3 (for
V=28 000 rubles per 1 sq. m of improvements).
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Table 4.

Most probable combination of SB and SP,
density factor in a few cases of bid prices

Bid price on 1 sg.m.
of improvements 7000 ( 12000 | 21 000 | 28 000 | 40 000 | 60 000 | 80 000 | 100 000

Most probable pair:

Area of improvements 619 634 650 659 669 682 691 698

Plot of land in sg.m. 630 878 1239 1479 1843 2 365 2824 3240
Dencity factor 0.98 0.72 0.52 0.45 0.36 0.29 0.24 0.22

Fig. 2. Two-dimensional distributions of SP (improvements area)

P 3.. The del.lsity factor
(ratio of the improvements
area to land area)
8000 -
Let’s assume that the price of the offer (or
transaction) is known. Our goal is to estimate
6000 -

what the coefficient of building density should
be at a given price and the given area of the land
4000 plot. Let’s use the formulas (7) and (8). For a
fixed offer price (V' = v), formulas (7) and (8)
give the calculated values of the conditional

2000 | mathematical expectations of the improve-
ment area logarithms (SB|V = v), the land
0 area (SB|V = v), and the conditional covari-

ance matrix. Additionally let’s assume that the
area of the land plot is also known. We intro-
duce new notation for conditional logarithms
Fig. 3. Equal-probability level lines for SP and SB of the improvement area (SB|V = v) and the

0 2000 4000 6000 8000
Plot of land

BUSINESS INFORMATICS Vol. 14 No 2 — 2020

57



land area (SB|V = v):

o
Heonass = Hy + Pyw _Y(W_IUW)’
Ow

o
HMeonasp = Hz + Py _Z(w - /uW)’
Ow

2 ) 2
O'ondasp = Oy (1 ~ Prw )’

2 _ 2
Oconasp =0z (1 ~Pw )7
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”cond” subscripts mean “conditional”).
Consider a two-dimensional random vector
(SB| V=v, SP|V=v) with the specified param-
eters. For a given value of the land plot area and
a given value of the price (in the example of the
offer price) (SP = sp, V' =), the conditional
mode of SB (improvement area) is equal to (by
analogy with the proof given in [32]):

Mode(SP|SP =sp,V =v) =

2
= exp(/ucondSP +pxm(ln(Sb - ﬂcondSB )) B (9)

2
O uss

= O s (1 -p’ ))

Conditional median of SPis equal to:

Median(SP |SP =sp,V =v) =
2

o
= eXP(Lyppasp + P X cz_ondSP (ln (Sb ~ Heonasa ))
O-cnndSB

Conditional expectation of SPis equal to:
E(SP[SP =sp,V =V) =exp(Lyqsp +

2

M(ln (Sb ~ Heonasp )) +%O-czondSP (1 -p’ ))

condSB

+p X

Let’s assume the need to estimate the den-
sity factor in a group of items in the lower, mid-
dle, or upper price category. Such estimates
can be constructed depending on the area of
the land plot by modal, median or average val-
ues. However, the appearance of the surfaces
shown in Figure 2 suggests that the most con-
servative estimates will be based on modal val-

ues. Estimates for the median or average values
seems overestimated (for V' = 28.000 rubles/
sq. m approximately 1.4 and 1.7 times, Figure
4). Let’s assume that we are interested in the
following question: if the offer price is 28.000
rubles per sq. m and if the area of the land plot
is equal to 30,000 square meters, then what
area of improvements (and, accordingly, what
coefficient of building density) should be con-
sidered adequate for such a price and land area.
Under the development coefficient (density
factor), we will understand the ratio of the esti-
mated value of the area of improvements to the
area of the land plot, i.e.

Mode(SB|SP = sp)

sp
(alternatively, Median(SB|SP = sp) or
sp
E(SB|SP = sp))
sp '

Figure 4 shows that estimates for modal,
median, and average values can differ signifi-
cantly. Applying formula (9) to the results of cal-
culating conditional parameters at the price of
28.000 rubles/sq. m and the value of the land area
equal to 30.000 sq. m gives the result of 7.165 sq.
m of improvements, and then the building den-
sity coefficient (density factor) is 7 165 / 30 000
= 0.24. Thus, based on the example data (table
1), the other coefficient of the building area at
the price of 28,000 rubles/sq. m, the land area of
30.000 sq. m may be understood as not appro-
priate to the price set. The same result could be
obtained by applying a formula similar to formula
(1). In this section, sequential accounting of con-
ditions (first prices V= v, then land area SP= sp)
is used to show that the coefficient of building
density is not a constant within one price group
or even for one specific price, and has a power-
law dependence on the land area. Left part of
Figure 4 shows lines of modal, median and aver-
age values of the area of improvements, depend-
ing on the area of the land plot for the case when
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Fig. 4. Values of the area of improvements and building coefficients,
depending on the area of the land plot

the offer price is equal to 28.000 rubles/sq. m of
the area of existing improvements. The right fig-
ure shows lines of building coefficients for corre-
sponding estimates of the area of improvements.
Figure 4shows that at a given price (price group),
the coefficient of development with accepta-
ble accuracy for evaluation purposes can be esti-
mated as a constant only if the land area is large
enough. For plots with a small area, the develop-
ment coefficient cannot be estimated as a con-
stant and must be studied individually taking into
account the area of the plot.

4. A note regarding the form
of the joint logarithmically
normal distribution
of the vector (V, SB, SP)

Multidimensional distribution of vector com-
ponents (W, Y, Z) = (In(V), In(SB), In(SP)) it
is normal and has symmetry. The scattering
clouds of empirical observations will take the
form of three-dimensional ellipsoids. The den-
sity maximum point has coordinates equal to
the mean values of the components W, Y, Z.
The distribution of the components of the vec-
tor (V, SB, SP) is asymmetric, the density max-
imum point is not the center of symmetry and
can be calculated (see Appendix) using the fol-
lowing formulas:

V ax = €XP(tty, — O'vzv ~ PwyOw Oy — Pywz0w0z),
SB,,.. =exp(u, — 0'13 ~PywOwOy = Pyz0y0),

SP,,. =exp(u, _O-é P00y = Py Oy 0y,).

Figure 5 shows the following: the scattering of
source data and the scattering of logarithms of
source data, the point of maximum density in
space (V, SB, SP) with coordinates V= 20004
rubles per 1sq. m, SB, = 649 rubles per 1 sq. m,
SP = 1202 rubles per 1 sq. m and the point
of maximum density in logarithmic space
(W, Y, Z2) = (In(V), In(SB), In(SP)) with coordi-
nates uW=10.30; uY = 8.45; uz=9.35. Black
marks the points of maximum density: on the
left — in the space (V, SB, SP), on the right — in
the space (W, Y, Z2) = (In(V), In(SB), In(SP)).

Figure 6 shows the result of 1000 generations
three-dimensional random vectors with the
same parameters.

It is obvious that (see Appendix) the maxi-
mum density point of a multidimensional vec-
tor (mode) whose logarithms are normally dis-
tributed together is unique. All other density
values correspond to the sets described in the
logarithmic dimension by hollow three-dimen-
sional ellipsoids, and in the original coordi-
nates, the sets corresponding to a single density
value represent the result of distortion (stretch-
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Fig. 6. Result of 1000 generations three-dimensional random vectors

ing) of the hollow ellipsoids during the inverse
exponential transformation of space. Thus, it
is the modal assessment of the market value
that should lead to a correct result that does
not create conflict situations. All other (non-
modal) market value estimates are potentially
a source of constant disputes about the market
value of the object of valuation.

Conclusion

Considering the prices of objects of compar-
ison and the values of price-forming factors
as multidimensional random variables opens

up new opportunities in the assessment of real
estate. It often turns out that empirical obser-
vations of prices and their corresponding values
of price-forming factors are well approximated
by the logarithmically normal distribution law,
including the multidimensional one, which
allows us to derive calculation formulas for vari-
ous estimation problems. The bulkiness of these
formulas is compensated by the capabilities of
modern applied statistical packages (in particu-
lar, R). In addition, the ability to reduce calcu-
lations to a well-studied multidimensional nor-
mal law by logarithm of components makes this
choice of model distribution preferable.



Conditional price distributions with known
values of price-forming factors make it possible
to estimate the market value in full accordance
with its definition fixed in Russian legislation
and foreign standards, as the maximum point
of the density of the conditional price distribu-
tion.

Conditional distributions of price-forming
factors at a given offer price allow us to assess
the adequacy of the offer price in terms of a set
of price-forming factors.

It is hardly to be expected that practic-
ing appraisers are prepared to apply the for-
mulas given in this article in their daily prac-
tice of valuation and business analysis. This is
not required. Once written and debugged, the
script (in the statistical package R or in other
specialized packages) will allow is to easily
solve such problems practically in real time. It
should be recognized that in the period of dig-
ital transformation of the economy and busi-
ness analysis, it is time for the valuation busi-
ness to move to advanced statistical packages
and automatic data processing. m

Appendix

Statement. The absolute maximum (mode)
density of a random logarithmically normal
vector X is reached at the point with coordi-
nates exp(u — 2 x 1), where z is the vector of
mathematical expectations of the logarithms
of the component, X is the covariance matrix
of the logarithms of the component, and 1 is a
vector consisting of units.

Proof. Consider the density of a multidi-
mensional normal distribution of a centered
random vector y:

/(¥)=

When replacing variables y = In(X), the den-
sity of the lognormal distribution of the ran-
dom vector X:

_ 1 1
f(x) = n X n X
(271')E JdetXr Hi:]xi

oL (=), ()|

— coordinate transformation
Jacobian,

where

i:lxi

X — covariance matrix, In(x) — centered ran-

dom vector. At the point of absolute maximum

density of the joint logarithmically normal dis-

tribution, the derivative in any direction must be

zero, which means that all partial derivatives are
equal to zero.

FE_ 11 (_ljx

x[—% Z“lln(x)jxi: 0
2 X,

After removing the common multipliers from
brackets, the condition remains:

1+ (_2*' m)) =0or (—Z'l lnj)) =1,

where 1, —1 — vectors with dimension #, con-
sisting from units/negative units.

Let multiply the last equality on the left by X"

23X n(x) =-2'x1,
E x m) =-2x1.

Here E is a unit matrix (on the main diago-
nal — units, the other elements are zero), 1 — a
vector consisting of units. L.e., the values of the
vector ln(x) in which all partial derivatives are
zero, are equal to the line-by-line sums of the
covariance matrix, taken with the reverse sign.

It remains to remember that y = In(X) is a
centered random vector. If the expectation



vector ; contains non-zero values, then the
final solution is:

In(x) =z—Xxlorx =exp(u—2x1).

tial derivatives in point X = exp(uz — 2 x 1)
(the author omits this bulky record since the
result is obvious), the point X = exp(uz — 2 x 1)
is a point of maximum density of lognormal

Taking into account negative definiteness of random vector X.

the quadratic form composed of second par- The statement is proven.
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Introduction

The process of employment in the
labor market involves several parties:
employers, employees, the educa-
tional system and state authorities. One of the
most informative indicators for demand assess-
ment is skills, which provide extensive informa-
tion about competences and abilities demanded
from the potential job candidate. However, sets
of such skills are dynamically changing in dif-
ferent industries, organizations and even cer-
tain vacancies. These changes are connected to
economic system fluctuations and labor market
restructuring. Moreover, the professional stand-
ards that are formed with the help of the edu-
cational system become obsolete and inflexible
to such changes. The particular interest of this
study relates to the problem of identifying key
skillsets on the labor market for occupational
groups in information technologies (IT).

Several authors highlight issues of skills deter-
mination in the IT sphere. Firstly, this branch of
the labor market has high volatility of technical
and soft skills required, and must be analyzed
in a time perspective [1—8]. Secondly, skills,
especially technical skills, have an outstand-
ing structure due to the precise formulation of
programming languages, technological stack,
interface instruments, etc., so that it is easier to
classify them in attribution to several job posi-
tions [9—11]. Thirdly, the adoption of new tech-
nologies requires changing combinations of
skills of workers in order to perform newly cre-
ated tasks [12—16].

IT has penetrated a large part of the labor
market. Technical specialists with certain sets
of competences and knowledge are hired in
spheres of economics and finance, public man-
agement, retail industry, etc. Thus, such spe-
cialists are also required to be competent in the
professional activities of a particular company.
Unique combinations of skills in certain areas
can be formed in the education system not only
in IT specialties. The rethinking of educational

policy regarding the formation of skills cannot
be separated from the demand from the labor
market, which needs effective tools for identify-
ing combinations of professional skills that are
required by employers.

The present work concentrates on the creation
of the algorithm of key skillsets, determining the
particular occupational group, extraction in the
IT sphere. The main question is: which skills are
needed by companies from different occupa-
tional groups in the IT sector.

The paper is structured as follows. The first
section contains the overview of related works
and methods that are used for classification
and clusterization purposes of online labor
market data. The second section relates to the
main algorithm representation which allows
us to extract and classify information from an
unstructured job advertisements database and its
implementation to real data obtained for local
labor market. The third section provides results
of the work in terms of proposed key skills and
combinations relating to different occupations
of the IT sector of the labor market. Finally, in
the concluding remarks we discuss the theoret-
ical and practical implementation of the pro-
posed algorithm and extended results are pre-
sented in the last section.

1. Related works and methods
of skill demand analysis

Many researchers create various algorithms
in order to extract information about occupa-
tions and particular skills from online job adver-
tisement databases [17—25]. Such sources pro-
vide an extensive amount of information about
the labor market. However, this data is, in gen-
eral, unstructured. The main methods of pro-
cessing this information are based on Natural
Language Processing (NLP) techniques such
as TF-IDF (Term Frequency — Inverse Doc-
ument Frequency) matrices, n-grams (con-
tiguous sequence of n items), classification
techniques based on manual mark-up of data



sample (LDA, KNN, SVM, etc.), clusterization
of data [17-25].

Online vacancies databases, in general, have
unstructured text fields that contain informa-
tion about an occupation and competences
required. However, such fields are manually
filled by the companies’ representatives, and
that demands that data preparation procedures
and algorithmic techniques be implemented in
order to extract the appropriate information in
standardized form. Some research papers try to
resolve the classification task of how to match
job titles and job descriptions from online adver-
tisements with widely used classifications of
occupations and skills such as ISCO!, ESCO?
and O*NET? [17—20]. Others implement clas-
sification models on the basis of expert mark-
ups [2, 4, 11, 13, 21]. In other words, the sam-
ple portion of data is analyzed and labelled by
the domain experts and, then, this information
is used to transfer this knowledge to the whole
dataset. In addition, researchers use clusteriza-
tion approaches for the occupations and skills
determination in the data preparation process,
thereby formulating the separate groups of jobs
and competences after machine-based separa-
tion [19, 21-25]. Thus, the combination of dif-
ferent approaches and algorithms of data prepa-
ration and standardization allows us to provide
the basis for an analytical research of labor mar-
ket issues. A brief description of data, approaches
and pipelines which are used in related works is
presented in Table 1.

The information presented in the table allows
us to summarize and systematize approaches for
data organization, its processing and selection
of criteria for identifying combinations of skills.

All authors present their algorithms of infor-
mation extraction and systematization on the
basis of online job advertisements. However, the

! International Standard Classification of Occupations,
https://www.ilo.org/public/english/bureau/stat/isco/

2 European Skills/Competences, Qualifications and Occupations,
https://ec.europa.eu/esco/portal/home

manner of their implementation differs from
the stated research task. For example, if the
main research objective relates to the process of
matching the unstructured text fields from job
advertisements with the official classification for
occupations and skills [17, 18, 20, 21] classifi-
cation algorithms are implemented on the basis
of finding similar patterns in job title description
with the extended text information from offi-
cial classifications and a significant amount of
expert manual mark-up data.

The other approach relates to the data-driven
approach where obtained data is manually cor-
rected by domain experts in order to provide the
appropriate systematization [19, 22—25]. These
works focus on the data preparation part and
clusterization algorithms. Despite the difference
in research objectives, the common techniques
of data preparation and extraction of standard-
ized information are, in general, applied. All
authors use the TF-IDF approach and tokeni-
zation (including stopword removal and stem-
ming procedure) in order to process a wide
amount of unstructured textual information. In
addition, n-grams are used for more than one-
word extraction. As a result, a set of unified pat-
terns of information (e.g. occupations and skills)
is obtained. However, the authors do not provide
a generalized algorithm for matching different
variants of the same pattern notation within the
noisy data management process.

The choice of groups of occupations and skills
is highly dependent on the official classifications
and the volume of data. Thus, the level of such
groups’ aggregation demands an expert view
based on the data characteristics. In general, the
data is available for a one-year period and the
search for appropriate patterns for the unstruc-
tured fields are simplified only for job advertise-
ments published in one language.

> The Occupational Information Network, https://www.onetonline.org/
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Related works on online job advertisements analysis

Number of

Table 1.

Methods
extracted i
- groups of data processing "
= )
8 SE| o2
S Es| XS
S 2|2 ES| EE
=z S| 2| & Clusterization | Classification | 28 | £2
] S e | 3 28 S5
5 2 8 | = E3 =k
A S S| & == »S
Unweighted
= 4 months ;
Q| (April=July | Linkedin |English | & | 96 Pa”g\;g:’apgg"ea” - 5900 | Jaccard | [24]
- 2018)
s é’ method
ISk=
I % 7 months
é S | (July - Latent Semantic
S | § | November 2015 . . Indexing. )
; and October — 5sources | English | 69 | NS Singular Value - 750 Cosine | [19]
November Decomposition
2016)
| 27 months SVM Levenshtein.
c o | B (Februay2013—| WolyBl | talian | 9 | NS . (linear & RBF | 57 7| Jaccard. |,
SS || ail2015) Kernel); Random Serensen—
88 Forest; NN Dice
S *g s 1 month 1 Weighted Word LinearSVC
2 (yearis SoUICES ltalian | 62 | 542 Pairs (WWP) & Perceptron 412 | Levenshtein | [21]
= | not specified) extraction classifier
&S| 3months 10 ) Latent Centrality
- ~ | (Fall2015) sources English | - 4 180 Dirichlet Analysis h 180 degree 22]
£5
S | x| 3months
8% | = " Indeed. ) Latent % of
22 1S (M%m.;uly com | Enolish |48 | 480 Dirichlet Analysis h 480 | securrences | 12°)
ST
g3
E}) § - 5 months Latent Class
2 |3 (July = ) Analysis. B VARIMAX
< S| Novemper | OSovrces | English |2} 2335 Singular Value NS Rotation [25]
2017) Decomposition
4 months SVM (linear R
2 N . andom
S5 | (June - 3sources | ltalian | 6 NS - & RBF Kernel); 1.007 Forest | [20]
S=2 | © September Random . t
= 2015) Forest; NN mportance
83
5%
ST | Levenshtein.
=2 | €| 24months ' Jaccard.
28 | S| (o16-2017) WollyBl | lItalian | 22 8 - SYM NS Sgrensen— [18]
et Dice

*NS stands for “Not specified”

BUSINESS INFORMATICS Vol. 14 No 2 — 2020

67



DATA ANALYSIS AND INTELLIGENCE SYSTEMS

Different research pipelines address different
metrics of classification and clusterization model
assessment. The point of interest here is how sev-
eral patterns and terms could be matched with
the stated domain. The authors use tokenization
for raw texts and n-grams for construction of the
set of terms. Similarity is found by implement-
ing the Similarity indexes. In the case of preserv-
ing the word order the Levenshtein distance is the
appropriate measure but if only intersection of
common terms is valuable for detecting similar-
ity — the Jaccard index is preferable.

2. Algorithm of skills
demand analysis
and related data

The proposed algorithm which allows us to
conduct skills demand analysis is organized for
online job advertisements data. These data are
obtained from the open-source Application
Programming Interface of HeadHunter*, the
largest Russian online recruitment platform>.
The typical structure of an online vacancy is
presented in 7able 2.

Along with the presented data structure and
methods used in the related works, the main
interest of the work is to organize the process of
knowledge extraction (groups of occupations and
unified skills) from unstructured data. Then the
opportunity to determine highly demanded skills
and skillsets within occupational groups can be
performed in an accurate manner. Despite the
use of classification algorithms for aggregation
of job occupations in related works, the current
dataset has already been codified by the data pro-
ducer. Thus, we assume at the preliminary stage
of analysis that occupational groups already exist.
In order to organize the algorithm description,
several concepts need to be formalized and sim-
plified for research purposes.

Definition 1. Online vacancy. Let / be the
set of vacancy identifiers; H is the set of spe-
cialization codes; .S is the set of key skills in
text format. Suppose V z{vl,...,vn} :neN is
the set of vacancies; an online vacancy v is
ab6-tuple v= (i, C, d, p, g K), whereiel,
CcH :|C | 6{1,6} is the subset of specializa-
tion codes, d is the vacancy published date, p
is the text name of vacancy’s position, g is the

Table 2.

Structure of a typical HeadHunter online job advertisement

Field type
Structured | Unstructured Sl
Vacancy 1D + Numeric code
Specialization ID + Set (from 1 to 6 including) of numeric codes®
Published date + Long date format
Position Name + Text
Job description + Text
Key skills + Set of texts (30 at maximum: each up to 100 symbols)

4 HeadHunter API, https://dev.hh.ru

> SimilarWeb: websites ranking, https://www.similarweb.com/top-websites/russian-federation/

category/jobs-and-career/jobs-and-employment

¢ HeadHunter API: Specializations, https://api.hh.ru/specializations
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text description of the vacancy, K < S :|K| <30 Table 3.
is the subset of skills (in text format) for a par- Distribution of vacancies by HeadHunter
ticular vacancy. specializations in data sample
Current research is concentra.ted on the HeadHunter sh
IT sector and the methodology is tested on | EFEREFEIN O?TE,
the local job market (the city of Saint Peters- -
burg). Online-vacancies from the IT sphere 1921 20,37 Software Development
in Saint Petersburg were extracted from 2015 182 799 Engineer
till 2019 (the official HeadHunter classifica- 1' ] 4'90 Web Engineer
tion is used to obtain IT-related vacancies by ' :
e 1.89 4.52 Internet
Specialization 1D). Each data entry of a par-
. . 110 418 Web Master
ticular vacancy (v) contains of the ID-code ,
of the vacancy (i), HeadHunter specializa- 1.827 3.83 Project Management
tion codes (C) and the list of skills required 1225 342 Sa|e§
for a particular employer (K). The research 1.137 3.21 Marketing
objectives are concentrated on the process 1.272 311 System Integration
of skills’ determination, thus, the portion 1.295 3.04 Telecommunication
of data where skills are given in the separate 1.211 2.99 Support, Helpdesk
data entry are used. Such a sample consists 1117 2.90 Testing
of 63.869 vacancies from May 2015 till Sep- 1.270 2.86 Networks
tember 2019. Each vacancy includes from 1 1.973 273 System Administrator
to 6 professional area codes (HeadHunter 195 269 Analyst
professional area classifier). The distribution 1172 262 Fniry Level, Little Experience
along 36 areas (inside the group of IT sphere) 150 295 FRP
is presented in Table 3. 1400 911 SED
Despite the HH classifiers’ distribution, 1536 210 CRM Systems
some spheres could be deleted and merged in 1474 204 Startups
onw bigger subgroup. In accordance with the 1359 175 E_Commerce
classification introduced in [20] we define 1116 158 Content
6 + 1 groups of IT specialists. After delet- ' ' )
. . . 1.475 1.51 Video Games Development
ing vacancies with not a purely IT profile and : :
. . . 1.113 1.50 Consulting, Outsourcing
regrouping, 56.000 observations (vacancies) :
are obtained. The share of deleted professional 1.246 1.42 Business Devellolpment
areas is 10.2%. The new distribution among 1420 1.39 Databasg Administrator
the rest of aggregated occupational groups of 1.3% 1.04 Banking Soft}/var.e
vacancies and their names are presented in the 1203 101 [;?]tg ﬁ?gfﬁg?g‘ggg‘
Table 4.
able 4. . . 1110 | 098 IT Security
Definition 2. Job occupation (occupational 1161 0.86 Multimedia
group). Let Hbe the set of specialization codes ] .296 0.67 Technical Write
(identifiers). Suppose O is the ordered set of : ' ; ;
. . . . 1.274 0.66 | Computer Aided Design Systems
aggregated job occupations, a job occupation 13 064 CT0.CI0. 1T Direct
oe 0, is a 2-tuple o = (L, a), where L < H is : : = Irector
the subset of specialization codes attribut- 1277 0.61 Mobile, erelgss Techinology
ing the particular aggregated group with text 1.30 0.34 Art Director
name a. 1.232 018 Producer
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Table 4.

Distribution of vacancies among IT occupational groups

Short name Share, % HeadHunter Specialization ID
High-level IT specialists high 13.10 1.327,1.272,1.25,1.113,1.3
Low-level IT specialists low 3.66 1.172,1.296
Engineering professionals engineers 16.18 1.82,1.295,1.117,1.277
Software developers soft 22.67 1.221
Web and multimedia developers web 20.13 1.9,1.89,1.10, 1.400, 1.475, 1.161
Administrg(tac;ria r?gg database admin 19.30 1.211, 1.2?0?; 91521732 013’5(1)311.836, 1.420,
Others others 4.96 1.474,1.359,1.274

To simplify the further analysis of key
skills extraction for particular occupational
groups (O, where |0| = 7 for proposed dataset),
all data processing is organized on the whole
sample during the 5 years of data presented. As
an assumption for such aggregation, the rela-
tive distribution of vacancies in occupational
groups is used (Figure I). Thus, the proportion
of data in the sample is relatively the same for

%

100 69 717 611
1273 12.03 13.03

80
1818 16.56 148

60 —
2743 30.05 303

2015

2016 2017

each occupational group in a time perspective.

Following the research objectives of the cur-
rent work, key skills and their combinations
should be unified and extracted along the set
of vacancies (V). However, before introducing
the skills’ extraction algorithm, each online
vacancy that may relate to several job occupa-
tions should be mapped in the new data struc-
ture (IT online vacancy).

6.18 5.91 others
13.68 1373 admin
1407 13.32 web
soft
29.64 290.83 [ engineers
B low
B nigh

2018 2019

Fig. 1. Distribution of vacancies by occupational groups in time perspective
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In order to provide the results of finding key | ter, the algorithm of skills’ extraction is imple-
skills and skillset by job occupations, the skill | mented to IT online vacancies.
extraction algorithm is organized. Hereinaf-

Input: IT online vacancies J. y
Output: the set of standardized terms (skills) K, matched to database of online-vacancies.

—_—

o ® AN A W N

—_—
— O

12.
13.

14.

15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

let S — S denote the set of unique text descriptions (skills) obtained from J
let B denote the set 2-tuples: text description (skill) and its frequency (number of occur-

rences) in J

foreach 5, € S do
b, < occurrences of 5, in J
Blil=G,, b,)

end foreach

sort Bin descending order by b

procedure FrequentTerms(#, f)
h < subset of hif h, >, h,e h
return /

end procedure

introduce threshold ¢

B« FrequentTerms(B(b), f)

T« 3-tuple set of manually standardized terms 7= (u, x, xs), where u denotes identifier of

standardized term (skill), x — the name in text format, xs — the set of synonyms in text for-
mat for particular pair (u, x)

function Tokenizer(j)

white space normalizer

punctuation removal

lowercase

stemming (English & Russian)

stopwords removal (English & Russian)
end function
procedure NGrams(J, n)

for jin Jdo

G «<—n-grams of size n for Tokenizer())
add G'to ngramterms

end for

return ngramterms
end procedure
introduce thresholds 7, 7,, 1,
ngraml:= FrequentTerms(NGrams(B (s), 1), 1)
ngram2:= FrequentTerms(NGrams(B (s), 2), t,)
ngram3:= FrequentTerms(NGrams(B (s), 3), t,)
for obtained databases with n-grams provide manual processing (clear uninformative terms)
each entry in these n-grams databases has the set of identifiers
procedure MatchTerms(X, Y)



let L is the set of unique combinations from X and Y, where L = {1, |ll eX ,12|l2 € Y};

36. [, I, are sets of identifiers (i, §)

37. for/, /[ in Ldo

38. M <« Jaccard Similarity: M
39. if >0.5 do JORA0
40. add (/,, [,) to termsmatched
41. end if

47. end for

43, return termsmatched

44, end procedure

45. for each pair of datasets: ngram1, ngram2, ngram3 provide MatchTerms(X, Y) - M1, M2, M3
_for each pair of datasets 7, M1, M2, M3 provide MatchTerms(X,Y) procedure, where

4. %= T,7:= T {(MI,M2,M3}
47. K« Xleft-join Y

48. K — is output database, with standardized terms, their synonyms, unigrams, bigrams, trigrams

Definition 3. IT online vacancy. Let J < V
be the set of IT online vacancies, where
J={j, - Jjm<n meN. Let ¢ denote the
classification codes from online vacancy as
follows: ¢ = (¢, ..., cz) e C, where 7<6. Let £
denote the ordered set of labels obtained from
job occupations with relation (L, @) e O L
in the following form £ = (4, ..., iq), where
q = 0. Introduce the function

Lec L
f(c’ﬂq):{occ E

that associates the occupational classification
codes from job occupation o with codes from
aggregated job occupations L. Introduce map-
ping relation H: C +— L that provides the multi-
label classification and maps the set of aggre-
gated job occupations £ on the basis of the
occupational classification codes as follows
O=H(c)={AeL f(c,1)=1}, where O is the
set of aggregated group names. Thus, an IT
online vacancy o is a 3-tuple j = (i, O, K).

In 7able 5, the distribution of obtained vacan-
cies by aggregated groups (job occupations)
is presented. The distribution of job occupa-
tions assigned by companies in the database

is not homogeneous. In other words, a por-
tion from 6 to 30% in each job occupation is
strongly related to the occupation itself. The
other major part of vacancies relates to more
than one aggregated group. Thus, in the fol-
lowing analysis the diversification of skills that
are related to a particular job occupation is
needed.

Specifically, assigning the algorithm to the
dataset of IT online vacancies the procedure of
extracting skills (skillsets) is as follows. In the
data sample 13.347 raw unique skills are pre-
sented. The descriptions of such skills are not
unified in general. In other words, each com-
pany can enter its own text string from 1 to 100
characters. For example, one skill’s entry may
contain one word/phrase or a sentence con-
taining such words separated with punctuation
symbols or spaces (no generic format). In order
to automate the extraction of certain skills and
unify different forms of notation of one term,
text mining techniques are used.

According to [20], on the first stage of data
preprocessing n-grams (contiguous sequence
of items) of words can be constructed. From
the vector corpus (TF—IDF) of skills pre-
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Table 5.

Distribution of aggregated occupations in data sample

Short name Number of vacancies % of non-mixed vacancies by occupational groups

high 19.266 16.28

low 5.383 17.28
engineers 23.787 10.15
soft 33.333 29.78
web 19.312 9.29
admin 20.825 6.18
others 7.293 15.80

sented in vacancies’ descriptions, uni-, bi-
and tri-grams were constructed with the use
of the following tokenizer: removing all punc-
tuation and extra spaces, lowercase to all let-
ters, words’ stemming both in English and
Russian language, stop words removal. Within
these extracted terms, the initial structure and
formulation of skills were saved. The first step
is the extraction of meaningless words (non-
informative itself) and messy data separa-
tion from informative patterns. For the uni-
gram database, 348 entries were extracted
from 5.234 non-unique terms; for bigram —
577 out of 1.090; for trigram — 110 out of
303. The second step is the creation the data-
base of synonyms for already obtained pat-
terns. HeadHunter API: Suggestions (Key
skills suggestions) allows us to obtain a por-
tion of synonyms for manual processing of
obtained terms. After such synonym extrac-
tion, the term matrix for 707 terms was
obtained (1.296 entries for manual check-
ing). The third step is the addition of terms
from the Stack Overflow Developer Survey’
(108 terms for the most popular IT technolo-

gies names) and final correction of appropri-
ate terms (database with reference terms and
their synonyms).

As a result, 435 standardized terms were
obtained within 420 synonyms for them. Such
dataset contains both technical (hard) and
non-technical (soft) skills for the given sector
of the labor market. The last stage is composed
through intersection of raw skills (codified
with unique identification codes), matched
exactly with specific terms obtained from a
manually corrected list of HeadHunter syn-
onyms and the results from TF-IDF matri-
ces (for uni-, bi-, tri-grams), resulted within
the pairs: skill ID and term. In order to auto-
matically define the closeness between several
terms (on the basis of the unique set of IDs for
each term) and match the rest of the data with
the given standardized terms, the Jaccard dis-
tance measure is used. For example, the simi-
larity between two sets of words (terms) Aand
B could be found with the following formula:

; _|AnB|
(4, )_|AuB|'

7 Stack Overflow Annual Developer Survey, https://insights.stackoverflow.com/survey/
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This measure is appropriate for categori-
cal data closeness comparison and its value is
in the range from 0 to 1 inclusive. However,
the choice of the cutoff-point highly depends
on the data and research objectives. As the
threshold for identifying close terms, the level
above 0.5 is used (after manual processing of
obtained datasets). Thus, 53.672 vacancies
(95.8% of the initial sample) contain at least
one of standardized skill from the previously
obtained dataset of terms and their synonyms.
The percentage representation of the Top-20
standardized skills (by the number of occur-
rences in the sample) among the whole data-
set is presented in Table 6.

However, following the objectives of the
current research, the particular analysis of
relevant and highly-demanded (from employ-
er’s side) skills (and their combinations) lies
behind the determination of relevant skills
that are at the same time strongly related to a
particular occupational group (specific skills)
and supported by a relatively large number of
employers.

After the data preparation of the data-
set of vacancies, the following data structure
is obtained: the dataset of 305.217 observa-
tions (particular skill/term from the vacancy),
where each observation has the ID of a stand-
ardized skill, the ID of the vacancy and the
occupational group code. In order to provide
the classification of skills in accordance with
the stated groups of vacancies, the process of
finding pairs and triplets of skills was con-
ducted for each vacancy group. After obtain-
ing the pairs and triplets of skills (non-zero
by Jaccard Similarity), the highly matched
(threshold by Jaccard Similarity) skills were
extracted. The general scheme of the pro-
posed algorithm implemented to the dataset
is presented in Figure 2.

On the first step, all 435 skills, pairs of them
(C},, = 94.435) and triplets (C.,s = 1.362.345)
were used for finding the Jaccard Similarity for
each of 7 groups of vacancies (occupations).

Table 6.
Top-20 skills by their occurrence
in the sample dataset
for the IT sector

% of occurrences

Skill Name in database
of skills

HTML/CSS 6.73
JavaScript 469
1C 3.48
SQL 3.25
PHP 2.63
Git 2.53
Linux 2.32
Java 2.28
MySQL 1.86
Negotiation skills 1.61
Sales Skills 1.52
Business communication 1.51
English 1.45
Testing Framework 1.43
Python 1.40
jQuery 1.36
C/C++ 1.30
00P 1.29
C# 1.28
net 1.27
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Fig. 2. Baseline algorithm of skills extraction from unstructured database
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Secondly, using pairs and triplets of skills (unique
combinations without repetitions), each data-
set with terms was ranked by Jaccard Similarity
(after removing such observations, where Jac-
card Similarity equals zero) within their quan-
tiles (permilles: 0.1% step for pairs and triplets
in order to produce the variability).

Foreach pair and triplet of skills, such a meas-
ure was calculated on the basis of the number
of vacancies that include such combinations.
Thirdly, the differences in ranks for each pair
of vacancies’ groups were found. Fourthly, in

Triplets of skills.
Frequency Ranks of "high" minus ranks of "low"

~
4000 74

3000 - 7 —
2000 - /

1000
0 low . high
T T 1
500 0 500
o - I —— oo
Pairs of skills.
Frequency Ranks of "high" minus ranks of "low"
20000
15000 / l
10000
5000
o LW =g

| T T 1
-600 -400 -200 0 200 400 600

order to extract the specific features (set of
skills), the outliers in such distribution were
found (as a provision for highly diverse skills
and skillsets that can describe and separate
groups of vacancies. The statistical logic behind
this shows that the distribution of ranks’ differ-
ences is quite close to normal and the detection
of outliers (too vast difference in ranks of skills
and skillsets) allows us to provide the appropri-
ate selection of skills which can separate differ-
ent groups of vacancies. For example, several
pairs of such groups are represented in Figure 3

Triplets of skills.
Frequency Ranks of "web" minus ranks of "admin"

20000

15000
10000 /

5000

0 admin _JZ web

T T T T T 1
-600 -400 -200 O 200 400 600 800

Pairs of skills.
Frequency Ranks of "web" minus ranks of "admin"
4000 ]
3000 - / —K
2000
1000
admin k web
0

-600  -400  -200 0 200 400 600

Fig. 3. Distribution of rank differences by Jaccard Similarity for occupational groups

8 IQR — interquartile range



(cutoffs for skills detection are boundaries of
whiskers in boxplot: 1.5 IQR® below and upper
for relatively appropriate quantile rank differ-
ence).

Fifthly, for extracted pairs and triples,
the procedure of addition of unique skill-
sets (different sets of skills) for each pair of
an occupation’s groups is provided. Thus,
in the cross-intersection of skills (tech-
nically, with zero value of Jaccard Simi-
larity) only those in above 95% (by quan-
tile difference) are added in order to
detect initially key (and different) skillsets.
Sixthly, for each pair of vacancies’ groups
(C; = 21), core and determinant skills (and
their combinations) were determined (and
skills, which are unique in certain class in the
last decile, were added for them unique skills
by cross-intersection). Thus, three matrices
7 x7 were obtained, where on the cross-sec-
tion of i-th row and i-th column (i # j) the
unique sets of skills (codified separately for
unique skills, their pairs and triplets) are pre-
sented (distinguished and unique above 95%
threshold skills of i-th group, comparing with
j-th group of occupations). Eighthly, such
skills were extracted in the following man-
ner: the presence of core skills that deter-
mines each occupational group was already
set, thus, with the use of by-row intersection
(for each of given matrices), determinant
ones (core and different for the given occu-
pational group) are extracted. The following
thresholds are used: for pairs the threshold of
at least 2/3 different from the other groups (4
and more out of 6 the rest groups repeated);
for triplets 100% different skills (6 out of 6).
Using the logic given above, the lists of such
skills were obtained for each particular occu-
pational group of vacancies that represents at
the same time core (highly-demanded) skills
from companies and skills inherent in the
particular occupation.

3. Results

On the stage of key skills and skillsets deter-
mination for different occupational groups
in the IT sector, the most popular skills are
extracted. In accordance with the different
occupations, such skills are presented in the
form of the Word Clouds by Top-50 skills for
each occupation (by the number of occur-
rences in vacancies’ description) in Figure 4.

However, within the presence of vacancies
that are related to several occupations, several
skills are duplicated among different groups
of occupations. Thus, at the stage of extrac-
tion of pairs and triplets of skills such duplica-
tion is reduced using the cross-intersection of
determinant skills. The most in demand and
at the same time occupational specific pairs
of skills are presented in 7able 7, triplets — in
Table §°.

As a result, from the qualitative point of
view, the sets of skills in high demand are
extracted for different occupational groups.
Moreover, using pairs and triplets of skills, the
specific combinations of skills are obtained.
Thus, the proposed methods of skills prepa-
ration and extraction could be useful for a
broader understanding of the demand side of
the labor market and provide more evidence
for the educational system in order to main-
tain and renew educational standards to fol-
low the trends (in skills) on the labor market.

Conclusion

Along with the results obtained in this work,
it is worth mentioning that the market is slightly
diverse in terms of certain occupational groups
segregation. In other words, this work provides
an opportunity to run the set of classification
and clusterization algorithms in order to provide
the other occupational separation. In addition,
the results are limited by the presence of posted
vacancies in the specific online source of data but

° Full lists of pairs and triplets may be presented by the authors upon request
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Key pairs of skills by occupational groups

Table 7.

Skill 1 Skill 2 Jaccard Similarity ‘ Group
Dart Flutter 0.167 high
Billing Solaris 0.136 high
Arduino Raspberry Pi 0.125 high
Technical means of information protection Assembly 0.073 high
Means of cryptographic information protection Assembly 0.065 high
Production automation CAD 0.125 low
CCNA OSPF 0.125 low
A/B tests Mobile Marketing 0.100 low
Arduino ARM 0.083 low
Business Process Optimization Citrix 0.038 low
Network monitoring systems Google Cloud Platform 0.071 engineers
Cordova Xamarin 0.065 engineers
Personnel Management Yandex.Metrika 0.014 engineers
Elasticsearch Node.js 0.011 engineers
MS SharePoint Windows 0.010 engineers
Firebase Google Cloud Platform 0.083 soft
Grammatically correct speech Drawing up contracts 0.015 soft
Elasticsearch Yii 0.011 soft
Scrum TFS 0.010 soft
Contextual advertising Search and customer acquisition 0.006 soft
Business Intelligence Systems Olap 0.063 web
3D Altium Designer 0.022 web
SPA Unit Testing 0.018 web
Writing Articles Google AdWords 0.017 web
API Mercurial 0.016 web
Website technical audit Technical translation 0.074 admin
Analytical research System analysis 0.033 admin
Apache Windows Server 0.029 admin
REST Xsd 0.022 admin
AP Xsd 0.016 admin
Proofreading Texts Adobe Lightroom 0.111 others
Mobility Billing 0111 others
Pandas Wifi networks 0.100 others
Website technical audit SMO 0.091 others
A/B tests Business Analysis 0.080 others
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Key triplets of skills by occupational groups

Table 8.

Skill 1 skill 2 ‘ s"lﬁ]“lf:rrlfv ‘ Group
ARM GCC Raspberry Pi 0.019 high
Media planning Marketing campaign planning facebook 0.018 high
Cent0S EJB NetBeans 0.017 high
Video processing Adobe Premier Pro SketchUp 0.013 high
Business planning Mobile Marketing Product Marketing 0.012 high
Production automation Instrumentation CAD 0.050 low
Process Automation Instrumentation CAD 0.048 low
Production automation Process Automation CAD 0.043 low
Debian OSPF VLAN 0.043 low
Analytical research Business Analysis Product Marketing 0.038 low
Video processing Image processing Adobe Lightroom 0.020 engineers
Coni(rj]uﬂglr%i(é?]rig:gﬂgggnce Writing Press Releases Technical translation 0.018 engineers
Writing Press Releases Written translation Technical translation 0.015 engineers
Image processing Adobe After Effects Adobe Lightroom 0.014 engineers
FreeBSD OSPF VLAN 0.014 engineers
Search engine optimization sites Work with exchanges Website technical audit 0.021 soft
Mathematical analysis MATLAB R 0.017 soft
Mathematical statistics MATLAB R 0.016 soft
Proofreading Texts Writing Press Releases Presentation Preparation 0.013 soft
Work with exchanges Website technical audit SMO 0.013 soft
Microsoft Azure TensorFlow Torch/PyTorch 0.020 web
Banner advertising Video processing Adobe Premier Pro 0.016 web
Reporting Tax reporting Billing 0.016 web
Proofreading Texts Writing Press Releases Rewriting 0.015 web
Microsoft Azure Spark TensorFlow 0.014 web
Mathematical analysis Olap VBA 0.019 admin
Mathematical analysis A/B tests R 0.018 admin
Chef LDAP Wifi networks 0.015 admin
BGP Chef LDAP 0.013 admin
Chef LDAP OSPF 0.013 admin
Internal website optimization Website technical audit SMO 0.063 others
Internal website optimization Russian search engines SMO 0.048 others
Flask Pandas Wifi networks 0.037 others
Mobility E'ecggﬂg%g%ce“nfpem Billing 0.031 others
Internal website optimization Lidogeneration SMO 0.027 others
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could be aggregated on the level of the popula-
tion, using the official statistics (if the objectives
of the work will be directed to economic issues:
salary, changes in time perspective, etc.).

Points for discussion are as follows. Firstly, the
proposed database for the analysis has a highly
diverse set of already defined occupations. In
other words, introducing classification or clus-
terization for detecting occupational groups
could improve the overall results. Nevertheless,
the provided list of skills’ combinations is con-
structed in terms of occupation-specific skillsets
extraction maintenance.

Secondly, following the logic of mixed occu-
pations that could be declared by the employer
in one specific vacancy, the skills’ grouping
(e.g. “soft” and “hard” skills) may be used by
the feature for classification purposes. Moreo-
ver, there are skills that are related to the tech-
nology itself and the framework for its imple-
mentation that cannot be separated in one-way
or both directions.

Thirdly, provision of the larger sequence of
words in -grams (4 and more) may provide more
evidence for extraction skills from unstructured

databases. However, the computing power for
calculating such algorithms could be extremely
high and may demand the simplification of sim-
ilarity metrics calculation (e.g. using hash-func-
tions and approximate formulas).

Fourthly, the extended implementation of
the algorithm could be aimed at detection of
key skillsets in the other sectors of the labor
market, capturing changes in a time perspec-
tive and the organization of cross-regional
comparison.

Finally, several contributions of the current
work could be highlighted. Firstly, the proposed
algorithm allows us to identify and standardize
key skills which might be applicable for crea-
tion of the system of Russian classification for
occupations and skills. Secondly, the algorithm
allows us to provide lists of the most popular
(key) combinations of skills that are in high
demand by companies and employers inside
each particular vacancy. Finally, the flexibility
of the algorithm allows us to combine it with
classification and clusterization techniques of
data analysis that could be useful for research
into the labor market.m
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Abstract

In applied problems of business informatics related to data analysis (in particular, in the analysis
and forecasting of time series, in the study of log files of business processes, etc.), problems of
qualitative analysis arise. Qualitative analysis methods often use symbolic coding as a way of presenting
information about the processes under study. In a number of situations, due to the fragmentation of
such descriptions, the problem arises of reconstructing a complete symbolic description of a process
(word) from its successive fragments (subwords). From the multiset of all subwords of a sufficiently
large length, the original word is uniquely restored. In the case of insufficiently long subwords, several
different reconstructions of the original word are possible. The number of feasible reconstructions can
be reduced by determining the suffix and prefix of the reconstructed word. A method is proposed for
determining the prefix and suffix of a word consisting of £ — 1 symbols each on the basis of multiset
of subwords of a fixed length equal to k. We accept the hypothesis that this multiset is generated by a
window of a fixed length & of one symbol shift in an unknown word. The method for determining the
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prefix and suffix is based on the construction and analysis of the matrix formed by subwords from V
written in rows in arbitrary order and the use of the operator acting on multisets of characters of the
alphabet formed by neighboring columns of this matrix. The method is capable of determining the
prefixaa, ...a, _ andsuffix b b, ... b, _,if a # b for anyifrom I to kK — 1. If in the prefix and suffix
a.# b, only for some values of i, the characters in the corresponding positions are determined, and
a,= bj for the remaining characters. In the worst case, the method concludes that a,= b, for any i from
1 to k— 1, but does not determine the characters themselves. This is a situation in which the prefix and
suffix coincide but cannot be determined.

Key words: word reconstruction; prefix; suffix; multiset of subwords; subwords of fixed length; shift operator.
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Introduction

n the applied areas of business informat-

ics related to data analysis, such as time

series analysis and forecasting [1-6],
research of business process log files [7], etc.,
problems of qualitative analysis arise. In this
case, one of the commonly used methods for
presenting information about processes is sym-
bolic encoding [8]. Furthermore, a description
of the behavior of a time series or a business
process is encoded with a word over a finite
alphabet which is the object of further research.
However, in a number of cases, including the
analysis of business processes and time series,
researchers do not know the whole word, but a
multiset of subwords that are consecutive frag-
ments of a certain word. Since in this case the
positions of the subwords in the original word
are unknown, the problem of reconstruction
arises, i.e. the restoration of the unknown word
from the original set of subwords [9—17]. This
problem relates to a special section of discrete
mathematics, namely the combinatorics on
words [18]. The objects of research in the com-
binatorics on words are words over arbitrary
alphabets, and the subject of research is the
study of the combinatorial properties of vari-
ous sets of words, both finite and infinite. In
real-life applied problems, information about

words is often incomplete; for example, such a
situation is inevitable in the analysis of infinite
time series measured over finite time intervals.

We note that one of the important areas of
practical application of the methods of combi-
natorics on words is the field of bio-molecular
models and processes. At the same time, work
with fragmentary information is characteris-
tic of a number of bio-informatics and genom-
ics problems. For example, the problem of
sequencing genomes [19, 20] is essentially the
problem of reconstructing words under con-
ditions of strong restrictions, implying unique
reconstruction.

The problems of reconstructing words over a
finite alphabet have different statements, dif-
fering both in the amount of information avail-
able and in the restrictions on feasible solutions
[21—23]. Usually, these problems, as prob-
lems with incomplete information, are com-
plex, and obtaining any additional information
obviously allows us to reduce the set of solu-
tions under consideration.

In a qualitative analysis of time series [24, 25],
the coding of the observed variable can be car-
ried out in a certain alphabet, for example, (A,
B, C, D, E, F), which symbols can be used to
name half-segments of the observed values of



the variable in the ascending order. For exam-
ple, A is the name of the half segment of the
smallest value, F is the largest. Since observa-
tions are recorded in discrete time, the descrip-
tion of the values of the time series by the names
of half-segments is a word over the alphabet of
names. If the observed process is characterized
by sharp outliers of the observed value (up to
level F) relative to the basal level (A, B) in one
moment, as well as sharp drops (from F to B),
then the resulting codewords of time series will
not contain subwords CDE and EDC. In this
case, if the initial data are subwords (scattered
fragments of observations), then the problem
of reconstructing a word from subwords is the
problem of restoring the entire description of a
time series under the assumption of the peculi-
arities of its behavior.

A similar situation arises when reconstruct-
ing business process log files in the presence
of fragmented information. When describing
business processes by the graph theory appara-
tus [7], a model (business process graph) can
be represented as follows: process states are
encoded by named vertices, and state tran-
sitions are encoded by edges identified with
stages of the business process. Then the record
of a particular implementation of a business
process is a word over the alphabet of vertex
names that reflects the state transition order.
If the process is physically distributed between
various organizations and executors, then
most likely we will receive information about
its complete performance in the form of a set
of subwords. In addition, prohibited subwords
can be interpreted as violations of the model
(the regulation of the business process). The
arising reconstruction problem, without for-
bidden subwords, means the possibility of a
complete reconstruction of the entire process
corresponding to the theoretical model.

Thus, it is of interest to study in detail the var-
ious versions of the word reconstruction prob-
lem with a certain set of subwords of shorter
length, interpreted as a set of consecutive frag-

ments of an unknown word. Moreover, of inter-
est are both the case when the reconstructed
word does not contain a predetermined forbid-
den subword and the case with the presence of
forbidden subwords. One of the possible solu-
tions to this problem, based on subwords of
fixed length, in the shift by one symbol hypoth-
esis, was proposed by the authors in [26, 27].
However, the set of possible reconstructions
can be large and the problem arises of a pos-
sible reduction in the number of feasible solu-
tions for the “correct” reconstructed word. We
want to obtain additional information from the
initial set of subwords, which will be useful in
reducing the resulting set of reconstructions.
We are talking about the possibility of restor-
ing and / or determining the pattern of the pre-
fix and suffix of an unknown word, which, as
part of the reduction procedure, will lead to the
consideration of only those words that have the
obtained patterns of prefix and suffix. It is the
problem that is the subject of this article.

1. Terminology
and notation

Further in the text of the article, the follow-
ing notation will be used:

2 ={s,, S,, ... 5,} — alphabet where s, is i-th
symbol of the alphabet;

" _ the k-fold Cartesian product (Carte-
sian product of set 2., i.e. the set of k-element
tuples);

= CJ sk — transitive closure of 2 (the set of

k=0
all possible tuples);

w — a word (above the alphabet), which is a
sequence of characters of the alphabet, while
the actual characters of the alphabet are words
by definition;

L() : L(C) = Wwhere C< X" is a set of
tuples, Wis a set of words. OperatorL(-) is an
operator acting on a set of tuples; L(-) creates
a set of words consisting of characters from 2 ;

a, is i-th character of word w, a,e 2;



w=aa,..a,c L(Z”) is an arbitrary word
consisting of n characters of alphabet 2_;

|w| = n — word length, defined as the number
of its elements;

L = L(Z" ) = {w|[w| = k} — the set of all words
of length k over alphabet 2.

Letw=a,a,...a < L(Z” ), and k < n, then

v=aa,..a 1<, =i+, =6 +1<n—
a subword of a word w of length k;

O(w, i, k) is an operator that gives the sub-
word of length k& of word w, starting with a
character in position i.

Let |w| = n, then the operator is defined for
i+ k—1<n sothat

Qa,a,..a,i k)
O(w, i, k) e L;

=40, G

For the following two operators, we assume
thatlw|=n>2and 1 <k < n:

P(w, k)= Q(w,1,k)=a,a,...a L, isthe pre-
fix of length k of word w;
ael

Sw,k)=0w,n—k+1,k)=a,_ ., ...acl,
is the suffix of length k of word w;

SH1(w, k) is a shift by one operator. The
operator, defined when |w| > k , generates a set
of subwords of length k (the cardinality of this
set is |w| > k + 1), performing a shift of a win-
dow of length k along word w, starting from the
leftmost position of word w:

SHIOw, )= (|7 =1, W — ke + 15 v,=
= 0(w, i, k).

2. Statement
of the problem

Afterwards, we consider as a given: the length
of the subword is k, the number of subwords
is m, and the original multiset V of subwords
over alphabet 2., considered as the basis for the
reconstruction of some unknown word w:

V= {v,. li=1mv, =a,a,..a, Lk}.

The hypothesis of shift one accepted by the
authors states that V'is a multiset of subwords
of shift by one symbol alongside some un-
known word w, where |[w|=n =m + k— 1 and

V= SHI(w, k) =
:{Vj |j :l,n—k+1;vj :Q(W;j) k)}

Informal statement: Under the hypothesis of
shift one, is it possible to determine the pre-
fix and suffix of length k£ — 1 of the unknown
word w, or to obtain any meaningful informa-
tion about its prefix and suffix using only mul-
tiset 1?

Mathematical statement: For a given multi-
set V'with the length k of the subwords and the
number of subwords equal to m, determine pre-
fix P(w, k — 1) and suffix S(w, kK — 1) of length
k — 1 of the original word w = a, a, ...a , and
indicate the conditions under which a solution
is possible.

3. Method for determining
the prefix and suffix

First, we note that the main problem, both in
the aspect of the reconstruction problem and
in the aspect of the problem of determining the
suffix and prefix, is that we were initially given a
multiset of subwords ¥V, but not a tuple of sub-
words. The main difficulty is connected with the
loss of order in the original subwords obtained
by the shift operator.

We begin the solution of this problem by con-
structing matrix A consisting of m rows and k
columns whose rows are words v, from set V.
Words from set V can be represented in form
v, =a,, a,, ... a, , and the elements of matrix
A are the symbols of alphabet 2., i.e. A = (aij),
where a, is a symbol of the alphabet at the j-th
position in the i-th word of multiset V in the

order in which they are listed.



We explicitly write matrix A in the direct
sequence of the window of shift by one symbol.
Obviously, in reality, in the order of enumera-
tion in multiset ¥, we will observe some per-
mutation of words of the direct sequence, and,
consequently, the corresponding permutation
of the rows of matrix A:

12 q,,4a,,...,4,
V, Ay, ss.ees Ay
A= V; _ Qy,A,,...,4, ,
vmfl anfk ’ an7k+] EAR an—l
vm an—kH > an—k+2 2000 an

The solution to the problem of determining
the prefix and suffix is based on the analysis
of neighboring columns of this matrix. Let us
consider the first and second columns. In each
of them, at any permutation of rows, there will
be symbol a, that is the second symbol of the
unknown word w, and symbol a, that is the
third symbol of w, etc. If the matching pairs of
characters are deleted from these two columns,
only @ and a, ,  , remain if they are not equal.
If they are different, we get their exact values.
Ifa,and a, , ., coincide, then all characters in
these columns will be crossed out, and we will
get information that unknown, but coincident
characters are in the corresponding positions
of the prefix and suffix. We continue such an
analysis for all £k — 1 pairs of neighboring col-
umns of matrix A. Provided that after cross-
ing out pairs of matching characters we always
have a mismatched pair, we will restore the pre-
fix and suffix of length k£ — 1 of the unknown
word w.

We describe the method formally.

We introduce a tuple of all symbols of the
alphabet for which multiplicities of elements
are allowed

€= (56 5 s,

where multiplicity 0 yields an empty set s'” = &

in this position. We define operator G acting on
the i-th column of matrix 4 and creating tuple
C. containing, for all characters of the alpha-
bet, their multiplicity in accordance with the
number of characters in this column

GC(A,i)=C =(s,s?,...s").

We apply operator G'to two columns of matrix
A, and denote:

GC(A,i)=C, = (5.5 ,...5"),

GC(A, k) =C, = (Sfﬂl),séﬁ”,m,sl(ﬁf))‘

We introduce operator GS of obtaining a
character that acts on two tuples of columns of
matrix A according to the following rule:

1
J

Usi (s e Gecani),
1

J=

GS(A,i,k) = s’ GC(a, k),

(. P _ B
5 =,ecima; -, <0.

Now apply operator GS to two consecu-
tive columns of matrix A. Due to the structure
of successive columns of matrix 4 described
above, the result of action of operator G5 will
be either a symbol or an empty set. Note that
ifGS(A,i,i+ 1), then GSUA4, i+ 1,
too. In this case, we define the n — k + i-th pre-
fix character a, = GS(A, i, i + 1) and the n — k
+ i-th character a,_, . .= GS(4, i+1, i) of the
unknown word, which is the i-th character of
suffix of length £ — 1.

For example, if GS(4, 1, 2) = s, then we
know the first character a, = s, of the unknown
word w (the first character of the prefix) and,
in this situation, the value GS(A4, 2, 1) is not
necessarily an empty set. Let GS(4, 2, 1) = S,
and we get the first character a, _, ,,=s, of the
suffix. If GS(4, 1, 2) # J, then, it is obvious that
GS5(A4, 2, 1) #Jtoo and we get information that
a, =a, ., butatthe same time the symbol
of the alphabet itself at these positions remains
unknown to us.



Since we have k — 1 consecutive pairs of col-
umns, then if for each consecutive pair of col-
umns operator GS gives a non-empty set, then
using the “+” operation to indicate the concat-
enation of characters, we get the solution:

k-1
Pw k=1) =a,a,..a, =Y GS(A,i,i+1),
i=1

k-1
2@, = D GS(A,i+1,0).

i=1

Sw,k-1) =a,
If for each pair operator GS yields an empty
set, then the prefix and suffix characters remain
unknown, but at the same time, we get infor-
mation about their equality as subwords

Pw, k—1)=Sw, k—1).

In a general case, we get information about
prefix and suffix characters in the form of some
pattern, and if these are specific characters,
then they are located at the same positions of
the prefix and suffix, and if the characters can-
not be determined, then we have information
about that at these positions the prefix and suf-
fix characters match.

Let us give an example for word w= abbaaabb
in alphabet 2 = {a, b} and the set of subwords
obtained by the shift to one symbol opera-
tor with a window of width three. In this case,
k=3, m=6, n=_8, and matrix 4 has the form:

abb
bba
baa
aaa |
aab
abb

Applying operator G to the three columns of
matrix A gives the following tuples:

GCA, 1) = C, = (a¥, b?),
GC(A4,2) = C,= (a®, bY),
GC(4, 3) = C,= (a®, bV).

and we getG(C(A4, 1,2) =a, GC(A4, 2, 1) = b, and
GC(4, 2, 3) = GC(A, 3, 2) = <. Thereby, we get
the prefix pattern P(w, 2) = a* of length two
of word w = abbaaabb, and the suffix pattern
S(w, 2) = b* where symbol = denotes an
unknown but matching symbol in the corre-
sponding positions of the prefix and suffix (in
fact, this is the symbol “5”).

4. Application
to the reconstruction
problem

In one of the previous articles [26], the
authors proposed a solution to the problem
of complete reconstruction, under the condi-
tions of a given multiset of subwords and one
shift hypothesis. In some cases, the number of
reconstructions determined by the number of
Euler paths or cycles in the corresponding de
Brain multi-graph can be significant [26].

Let us introduce the set of possible word
reconstructions by the initial set V:

W={wl| |w|=m, k-1=n, V=SHI1(w, k)},

In this case, if | W| > 2, then reconstruction
is possible and there can be many of them.
Let w* be the word under consideration, that
is unknown to us, based on which the set Vis
obtained, where V= SH1(w*, k). Then when
choosing a possible reconstruction in set W, we
select only those words that possess the prefix
and suffix obtained by the operator G, taking
into account patterns with possibly unknown
characters. As a result we obtain

k-1
Wl Pow, k=1) = GS(A,i,i+1),
T i=1
W= k-1 ’
Sow, k—1) =" GS(A,i+1,i)

i=1

where w*eW is guaranteed.

This leads to a reduction in the resulting
set of reconstructions, since we consider only
those words that have the given prefix and suf-



fix patterns. Moreover, this approach can be
applied not only to reduce a finite set of recon-
structions, but to consider the prefix as a pat-
tern for choosing the initial arcs for the Euler
paths in the de Brain multi-graph when con-
structing the reconstruction [26].

Conclusion

In this article, in the aspect of solving the
problem of reconstruction of symbolic descrip-
tions of time series and logs of business pro-
cesses, a solution to the problem of determin-
ing the prefix and suffix of an unknown word is
proposed. The solution is based on the assump-
tion that the full set of subwords of fixed length
k, originally generated by the window of length
kgoing alongside an unknown word with a
shift to one symbol, is initially given. A solu-
tion has been obtained that allows us to acquire
information about the prefix and suffix of an

unknown word or some patterns for the prefix
and suffix. The proposed solution allows us to
obtain additional information about possible
reconstructions, and thereby reduce the num-
ber of possible word reconstructions for a given
set of subwords. In the best case, the proposed
method allows us to determine the prefix and
suffix of length k of an unknown word, or, in
the worst case, to state that the prefix and suf-
fix coincide.

The results can be used in conjunction with
solving the reconstruction problem [26, 27] to
reduce the set of possible reconstructions dur-
ing qualitative analysis in such problems of
business informatics as analysis of time series
and logs of business processes. B
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