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Preface

This proceedings is the official publication of the ROW17 – Real Option Workshop. The
topic of the workshop is “managing innovations” this is closely related to real options, as
innovations are "projects" that typically include a lot of potential, for the analysis of which
real options is known to bring a lot to the table.
Also decision-making and management analytics issues connected to innovation management
are included in the workshop - this means that the scope of the workshop includes also
"disciplines outside the real option research" such as operations research and decision-making
research. This proceedings includes abstracts or short paper versions of the papers presented.
We wish to thank all the contributors to the workshop and especially thank the workshop
keynote speakers: professors emeriti Hannu Nurmi and Reinhard Viertl.
The workshop was supported by The Finnish Real Options Society (FROS), The Finnish
Operations Research Society (FORS), and Lappeenranta University of Technology (LUT).
The organizers thank the aforementioned for their support.
We hope that you will enjoy the workshop and wish you a pleasant stay in the city of
Lappeenranta and at the Lappeenranta University of Technology.
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ROW17 Local Organizing Committee Chair
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Registration open @ the Skinnarilan Sauna building from 9.45
DAY 1 - October 4th, 2017 (WEDNESDAY)
10.15 Opening words
10.25 Session 1: Real Options and Behavior - Chairman: Mikael Collan
Fredrik Armerin and Han-Suck Song - Incomplete models and implied yields in real option modeling
Marcelo Leporati - Valuing new market entry projets in the retail industry
Mariia Kozlova, Azzurra Morreale, Giovanna Lo Nigro and Mikael Collan - Modeling bio-pharmaceutical
alliance games: Studying the effect of information availability on decision-making
Azzurra Morreale - The effect of fundamental risk and strategic uncertainty on decision-making process:
an experimental study
12.05 Lunch break, 1 hour
13.10 Keynote I:
Professor Emeritus Hannu Nurmi, University of Turku, Turku, Finland
14.00 Short coffee break
14.10 Session 2: Evaluation and assessment I – Chairman: Mariia Kozlova
Jan Stoklasa, Tomáš Talášek and Jana Stoklasová - Attitude-based multi-expert evaluation of design
Lyudmila Vyunenko and Aleksey Vorontsovskiy - Analyzing the Dynamics of Key Macroeconomic
Indicators – a Simulation Approach
Pasi Luukka - Preference modeling using ideal solutions in TOPSIS by n-ary norm operators
15.30 Academic program end
3 hour break, enough time to go to the center of the city and back – best way to go, if many are going is to
take a shared large taxi; the bus obviously also runs.
~18.30 Evening programme @ the sauna
Informal get together and dinner by a catering company; most likely Indian food
Sauna is hot and the brave can swim in the cold lake Saimaa; separate saunas for men and women –
take your bathing suits, if you want to swim.
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Incomplete Models and Implied Yields in Real
Options Modelling

Fredrik Armerin

Han-Suck Song

Centre for Banking and Finance - CEFIN
KTH
Stockholm, Sweden
fredrik.armerin@abe.kth.se

Building and Real Estate Economics
KTH
Stockholm, Sweden
han-suck.song@abe.kth.se

Abstract—In many applications of real options there is an
assumption of complete capital markets. For the perpetual
optimal timing option this means that if the underlying asset (e.g.
a developed project) does not pay out any cash flows, then there
is no finite optimal time at which the investment should be
undertaken. In contrast, when the market is incomplete, there is
a possibility of having a finite optimal stopping time even in the
cases where the underlying asset does not pay out any cash flows.
We discuss the incomplete case in models driven by both
Brownian motion(s) and a Poisson process and connect it with
the concept of an implied yields. The implied yield will in these
models extend the concept of a monetary yield (i.e. a yield that
represents the fraction of the value of an asset paid out as a cash
flow). Several examples of incomplete market models where there
could be a finite optimal time to invest are given.
Keywords—real options, irreversible investments, incomplete
markets, implied yield
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Valuing new market entry projects in the retail
industry.
An option games analysis.

Dr. Marcelo Leporati
EAE Business School
Madrid, Spain
mleporati@campus.eae.es

Abstract— This work presents an alternative to the
discounted cash flow method for the valuation of new projects in
the retail industry. Particularly for the coffee shop chains,
through a real options analysis and game theory to capture
market dynamics. This valuation is applied in the particular case
of two coffee shop chains (Starbucks Coffee Company and Costa
Coffee) entry in a new market.

Initial (time zero)

Keywords— Retail; coffee shop chains; valuation; real option,
game theory; growth options.

I.

Figure 1: Alternatives at initial moment and at maturity.

INTRODUCTION

We will consider the case of two companies (duopoly) that
want to enter a new market where they are not present at the
initial moment and there is no other existing competitor in the
market. This will generate different market structures at time
zero and at maturity that will depend on the decisions of each
company.

In the retail industry, it´s general practice to analyze new
market entrant projects applying discounted cash flows (DCF)
methods. These methods don´t consider flexibility or changes
of course of actions once a new project started. Therefore
there´s an undervaluation of new market entrant projects due to
lack of flexibility, expansion, learning or abandonment options
consideration. Moreover, DCF methods can´t reflect the
competitors´ actions once companies enter in the market.

We also assume that information is complete and that
companies can enter the market only at time zero or at maturity
(European option).

The main objectives of this work are both to verify that
companies in retail sector undervalue expansion projects in
new markets and to propose an alternative methodology to
valuate this type of projects.
II.

Maturity (year five)

To find and compare values of each strategy for both
companies at time zero, we have to calculate values of each
strategy at maturity and solve backwards to time zero.
Depending on the evolution of demand parameter, three
different market structures may appear at maturity.

METHODOLOGY

A- Abandon.

The methodology applied to the present work is based on
real options analysis and game theory. First, we will define the
size of the market at initial time to apply traditional DCF
methodology and get NPV of the project to enter a new market.
This valuation will be the base case to compare and analyze the
option games valuation proposed.

B- Monopoly.
C- Cournot duopoly (asymmetric).
TABLE 1: Market structure at maturity.

Second, we will need to capture the uncertainty of the
market size evolution, assuming that the market evolves
exponentially according to a standard geometric Brownian
motion (GBM) that describes the stochastic process of a
parameter X(t).

Company B
Invest

Not Invest

Invest

Cournot Duopoly
(asymmetric)

Monopoly

Not Invest

Monopoly

Abandon

Company A

Once market size is known, we can set up the market
structures. A company will face the following decisions at time
zero and at maturity.
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The two pure strategies that are Nash equilibrium at
maturity are “invest” for a company and “abandon” for the
other company. Both companies would accelerate entrance to
the market getting Nash equilibrium that is SCC “invest” – CC
“invest”.

For every status of demand at maturity, we will get a
different demand curve and each company will decide a
different production quantity, getting a different quantity of
stores. Therefore, we can calculate values of each strategy with
its associated probability using real options analysis applying
the four-step process developed by Copeland y Antikarov.

At time zero, the payoff matrix will be the following:

Then, we will define the Nash equilibrium at maturity. This
value discounted at initial moment will correspond with the
decision to “wait” in the payoff matrix at moment zero. After
calculating values of other strategies at moment zero we can
get Nash equilibrium at the initial payoff matrix. The market
structure at moment zero will be as follows:

TABLE 4: Payoff matrix at initial moment.

CC
Invest

TABLE 2: Market structure at time zero.

Invest

102,000

84,000

14,433,337

0

Wait

0

13,169,704

2,054,130

60,957

SCC

Company B
Invest

Wait

Invest

Cournot Duopoly
(asymmetric)

Monopoly

Wait

Monopoly

Postpone

Pure strategy that is Nash equilibrium is “invest” for a
company and “not invest” for the other company. Both
companies will rush to enter the market getting a Nash
equilibrium that is SCC “invest” – CC “invest”.

Company A

The value of the project for both companies is only the
value for abandon the project. If both companies wait and
invest later after demand is known, the value of this
collaborative strategy is 2,05 MM USD for SCC and 0,061
MM USD for CC.

We will develop the valuation on two cost asymmetric
companies in the coffee shop chain sector. These two
companies are Starbucks Coffee Company (SCC) and Costa
Coffee (CC).

IV.
III.

A. We presented a detailed analysis of how to value retail
projects entering a new market applying real options
analysis and game theory.
B. We showed that the options to extend, wait and abandon
have a value and they need to be considered when valuing
retail projects.

TABLE 3: Payoff matrix at maturity.

C. Game theory, as a complement to real options valuation,
helps managers to take better strategic decisions when
considering competitors´ reactions.

CC
Invest

Abandon

3,461,329

102,716

27,934,544

0

0

15,539,399

0

0

SCC
Abandon

CONCLUSIONS

We can summarize the conclusions of this work in the
following three main points:

RESULTS

For the valuation case of SCC and CC, we get the
following payoff matrix at maturity:

Invest

Wait
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Modeling bio-pharmaceutical alliance games:
Studying the effect of information availability
on decision-making
Mariia Kozlova, Azzurra Morreale, Mikael Collan

Giovanna Lo Nigro

School of Business and Management
Lappeenranta University of Technology
Lappeenranta, Finland
mariia.kozlova@lut.fi

University of Palermo, Italy

The practice of building corporate alliances to carry out
bio-pharmaceutical research related to new drug development
has become more widespread in recent years. Typically the
reasons for alliances lie in the hunt for efficiency
improvements and cutting costs in the research process and on
securing a future product pipeline for the pharmaceutical
companies involved. When alliances are built they are often
exclusive, either allied party can no longer ally with any other
party later on. The exclusivity on the other hand and the
prospect of locking in a partner on the other create a game
environment for companies active in the markets for biopharmaceutical research and development.

three-player game-model simulation with Matlab to study the
effect of different (amounts of) available information on the
game by way of simulation. The constructed model allows
many further developments to the initial model that include the
addition of more players, the integration of expert judgment
into the model structure and into the stochastic processes used
in the simulation, and the study of the effect of decisionmaking biases.

In this research we are interested in analyzing the game
situation in the context of bio-pharmaceutical research business
and for this purpose we study the situation, where two biotech
(research) companies exist on the markets and compete to sign
an alliance with a pharmaceutical company – a three player
game. We posit that the pay-offs of each player are influenced
by the actions of the other players. The game set-up is such that
the first-moving biotech company (B1) is first offered a
mutually exclusive alliance (AB1) by and with the
pharmaceutical company (the pharmaceutical company will
only ally with one biotech-company) and if an alliance is not
contracted the remaining second biotech company (B2) is
offered a similar deal (AB2). If no alliance is settled during the
first time-step the offers are repeated in the following timesteps, the game set-up is visible in Figure 1. This kind of a setup has been observed to exist on the bio-pharmaceutical
research markets [1]

Fig. 1. The game setup

In case one biotech-company allies with the pharmaceutical
company the remaining biotech-company can (will) continue
research and development (R&D) and reach the markets of a
ready product on its own. In such a case the benefits will
naturally befall on the single company.

We assume that the biotech-companies consider and try to
maximize their expected pay-offs, when deciding on whether
to ally with the pharmaceutical company. The pay-offs are
assumed to depend on the market value of the project under
development that is expected, in vein with [2] to follow a
geometric Brownian motion (GBM). The constructed Matlabmodel allows the easy testing of how other (stochastic)
processes, including processes that include expert judgment,
affect the results. The players´ payoffs are also assumed to
depend on other parameters that include the initial investment
cost, market share, alliance-related royalties, up-front

Our specific focus in this three-player bio-pharmaceutical
game is on analyzing the effect that the availability of
information has on the outcome of the game. For the purposes
of the analysis we have adopted the general architecture of the
model previously presented in [2] and constructed an initial
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payments, the market amplification factor, and obviously
whether or not an alliance is made or not. In sum, at each point
of time the biotech-company compares the expected pay-off
from operating in an alliance and solo and decides whether to
ally or not.

valuation of the underlying research portfolio affect the same.
Further research will introduce the real options approach to
incorporate flexibility of delaying alliance decisions by the
players in an uncertain market and study behavioral aspects of
this decision-making process.

This research continues in the footsteps of the wide gametheoretic literature on industrial collaboration and alliances (the
review of which is omitted here for the sake of brevity).
Following this extended abstract, we will soon present the
results demonstrating the influence of the different levels of
information availability on the decision-making process and
the overall outcome of the game.

REFERENCES
[1]

[2]

We expect our results to show how availability of
information affects the decision to ally in the context of the
bio-pharmaceutical research industry and to shed light on how
the use of different types of processes for modeling the
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Attitude-based multi-expert evaluation of design
Jan Stoklasa

Tomáš Talášek

Jana Stoklasová

Lappeenranta University of Technology
Palacký University Olomouc
Marital and family counseling centre Prostějov
School of Business and Management
Faculty of Arts
Prostějov, Czech Republic
Lappeenranta, Finland
Department of Applied Economics
Email: jana.stoklasova.cz@gmail.com
and Palacký University Olomouc
Olomouc, Czech Republic
Faculty of Arts
Email: tomas.talasek@upol.cz
Department of Applied Economics
Olomouc, Czech Republic
Email: jan.stoklasa@lut.fi

Abstract—Evaluation is an important part of any design,
construction or engineering process. The selection of the most
appropriate form can prove crucial for the success of the product
or solution that is being designed or developed. The selection of
criteria, their measurability and the ability to estimate future
values of some criteria can influence the result of the evaluation,
as well as the definition of the overall goal and the selection of
evaluators. Apart from measurable criteria, also emotions and
attitudes can play an important role in the success of the final
solution.This paper suggests an adaptation of the interval-valued
semantic differential method recently proposed by Stoklasa et
al. in 2017 for the purpose of design evaluation. We discuss the
process of design evaluation using this tool and suggest its use in
multi-expert evaluation setting.

6

We propose a definition of consensus in this context, discuss
the issue of the ease of achieving consensus, and suggest an
approach that can provide information on the level of agreement
of the evaluators in terms of the evaluation expressed as a object
in the semantic space. We also suggest a methodology for the
selection of the best design based on the aggregated multi-expert
evaluations.
Keywords—design, evaluation, TRIZ, semantic differential,
interval-valued, semantic design, consensus.
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Analyzing the Dynamics of Key Macroeconomic
Indicators – a Simulation Approach
Lyudmila F. Vyunenko

Aleksey V. Vorontsovskiy

Lappeenranta University of Technology,
LUT School of Business and Management
Lappeenranta, Finland
St. Petersburg State University
St. Petersburg Russia
l.vyunenko@spbu.ru

St. Petersburg State University
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Abstract— This paper proposes and explores a model for
analyzing and forecasting the development of the economy,
formalized as the Cauchy problem for a system of stochastic
differential equations. The corresponding computational
problem is solved numerically with the Euler-Maruyama method,
the random variable being considered as discretized Brownian
motion. Stochastic simulation for different scenarios is performed
using MATLAB. The simulation results are illustrated with the
examples of GDP trajectories for Finland.
Keywords— key macroeconomic indicators; dynamic models;
stochastic simulation; MATLAB

I.

INTRODUCTION

Analyzing and forecasting economic dynamics needs new
approaches as the modern economy develops and acquires new
properties and features. The main of them are connected with
the expansion of globalization impact on the macroeconomic
situation in separate countries and regions, the effect being
significantly intensified by the development of innovative
processes. Models and methods designed nowadays to describe
and forecast in macroeconomics, rely heavily on the use of
econometric models [3], [4]. This approach, based on
preceding trends and patterns, requires large data sets that are
usually collected from different databases with respect to a
long time period. This considerably complicates constructing
reliable forecasts of economic development for some reasons
induced by modern economic conditions. First, though
econometric models use a large number of explanatory
variables they are not free of missing essential macroeconomic
variables or being based on the wrong variables. Secondly, in
theory they rely on datasets where the time dimension is fairly
long. But for many important data panels (e.g., for the Euro
area or for the transition countries) the number of observations
hardly exceeds 25-30.
An alternative is to consider dynamic models based on the
idea that developments in the data are driven by only a few key
factors [1], [6]. Provided these factors are identified the
approach results in a low dimension model that may be used to
produce "what if" scenarios and generate economic forecasts.
Of particular importance for describing the development of the
modern economy with the use of such models is the possibility
of taking into account the random processes liable to influence

the key factors, in particular, in the framework of the
Stochastic Dynamic General Equilibrium (SDGE) models.
Following [4] we make the difference between the terms
"prediction" and "forecast" though they are interchangeable in
many fields. The difference is not only etymological. We treat
a prediction as a definitive and specific statement about the
value of the indicator under consideration. Whereas a forecast
is a probabilistic statement, usually related to a rather long time
period.
We propose a dynamic model for forecasting the changes in
key macroeconomic indicators that takes into account only the
current state of the economy.
The paper is organized as follows. In the next section the
model is described. The discrete model underlying the
simulation is shown in Section III. The results of numerical
experiments are illustrated in Section IV with GDP dynamics
for Finland. Section V concludes.
II.

PROPOSED MODEL

A. The Main Assumptions
Constructing the model, we took into account the following
assumptions:
 the conditions of the economic growth model for a
closed economy are satisfied;
 production function and technological changes are
described in the form of an AK-model;
 investment are instantly converted into capital (no lag).
B. Discrete Approximation
Given these assumptions, the forecasting model has the
form of the Cauchy problem for the system of stochastic
differential equations (SDE) (see [5] for details):
dY t    At    K t dt  At K t dW t 

dK t    At    K t   C t dt  K t dW t 
dCt   At K t dt  1   K t dt  At K t dW t 


(1)

with initial conditions Y(0) = Y0, K(0) = K0, C(0) = C0. Y(t),
K(t) and C(t) in (1) stand for gross output, capital stock and
consumption at time t, dY(t), dK(t) and dC(t) denote the
increment of gross output, capital stock and consumption for
the period [t, t+dt], A(t) denotes technological factor at t, δ is
the capital depreciation rate. dW(t) stands for the increment of
the one-dimensional Wiener process (with the zero expectation
and variance k2 dt ).
III.

METHOD

To construct a computable algorithm for solving the SDE
system (1) we used the method for the approximate numerical
solution of a stochastic SDE known as the Euler–Maruyama
method [2]. It is a simple generalization of the Euler method
for deterministic ordinary differential equations. The Euler–
Maruyama approximation to the exact solution is the Markov
chain. The discrete approximation of (1) over [0, T] and the
time step , provided the random variable dW is considered as
discretized Brownian motion (W(t) is specified at discrete t
values), takes the form
Yt    Yt   At  t Kt   At Kt k  t


Kt    Kt   At  t Kt  Ct   Kt k  t

С  Ct  At Kt   1  t Kt   At Kt k  t
 t  

(2)

where ξt are independent and identically distributed normal
random variables with expected value zero and variance 1.
Note that for computational purposes the choice of the step size
requires taking into account two considerations. First, the order
of convergence for the Euler-Maruyama method is known to be
low (strong order of convergence 0.5), so the results of
calculations are inaccurate unless a small enough step size is
used [5]. Secondly, the step should be chosen large enough to
leave stochastic component meaningful.
IV.

SIMULATION

A. Software environment
When choosing the software environment for simulation,
we were guided by the fact that MATLAB is an ideal one for
generating and treating artificial data because of its
 the vectorizing core principle that enables to perform
the computations more elegantly and efficiently by
replacing the “for” loop with higher level vectorized
commands;
 the opportunity to make experiments repeatable;
 excellent graphics facilities and convenient means for
efficient data management.
Besides, an open architecture of MATLAB allows to modify
any existing routine or to include new one.
B. Simulation scenarios
We have performed a detailed three-stage simulation study
using data generation processes based on (2). In the first series

of numerical experiments, we simulated the values of GDP,
capital stock and consumption for Finland over different time
periods and with different initial conditions. Master data for
initialization the simulation were taken from statistical sources.
For the parameters that are not available directly in the
statistics, the procedure of model calibration has been applied,
based on comparing the simulation results to the statistical
data.
The results of the simulation showed that the model we
proposed describes the dynamics of key macroeconomic
parameters quite well for a short period of time (3-4 years),
provided that there are no "turning points" - abrupt changes in
the state of the economy.
Simulations of the second type were designed to account
for the "turning points". To do this we used the technique of
introduction of a dummy variable, a numeric stand-in for some
qualitative factor (often used in time series analysis with
regime switching). The appointment of dummy variable is to
change abruptly the value of the capital depreciation rate δ at
the particular time moment.
At the third stage of the simulation study we performed
"what if" scenarios – the baseline (inertial) one and the
alternative one, taking into account the "shock" changes in the
economy state at the "turning points". The baseline scenario
assumes that changes occur to the extent that they could have
been foreseen (no "turning points"). It corresponds to the
constant value of depreciation rate δ during all the time period.
The alternative case means short-term and medium-term
effects of macroeconomic "shocks" caused by the external
shocks (e.g. a fall in world oil prices, sharp fluctuations in
world demand for exported goods and services, interest rates
and exchange rates); the shocks due to the tariff policy of
natural monopolies; fiscal shocks; the investment policy;
reserve and monetary policy shocks; social policy shocks, etc.
Determining the precise date of a turning point and the value of
dummy variable that changes δ requires some time after the
event has passed so simulation is the effective tool to for the
“analyzing back” and determine the parameters that
characterized previous periods or forecasting "forward" the
dynamics of the economy state.
It is worth noting that the speed and efficiency of
simulation can be improved by applying Quasi Monte-Carlo
(QMC) methods, which use deterministic almost uniformly
distributed samples instead of pure random samples – low
discrepancy sequences (LDS): Halton, Hammersley, Sobol,
Faure, Niederreiter. Another way to construct QMC method is
to use probabilistic grids for the stochastic variables and to
apply deterministic numerical methods for simulation. In both
cases QMC beats MC on accuracy, confidence level, and speed
for QMC methods converge significantly faster than MC in
typical economic applications.
The results of simulation are illustrated below with the
examples of GDP trajectories for Finland.
C. Results
Finland is traditionally characterized with a high level of
income and well-being. The "turning points" in economy of

Finland in 2004-2016 are connected with two events: the
global downturn and the beginning of the war of sanctions and
counter-sanctions, that have dragged down the global output.
Fig. 1 shows the simulated GDP trajectories (thin dotted
line), the mean and the borders of the 50% confidence domain
(bold dotted line), and statistic data (bold points).

V.

CONCLUSIONS

The development of globalization and the increasing
influence of uncertainty factors require methods to make
forecasts based on the current state of the economy. In this
paper, we proposed a computationally simple approach for
forecasting the dynamics of key macroeconomic indicators.
The proposed model has the form of the Cauchy problem for
the system of stochastic differential equations and its discrete
approximation.
The advantages of the proposed approach are the possibility
to quickly adjust the forecasts at the first sign of changing in
macroeconomic trends, and the ability to solve the inverse
problem, i.e., identify the model parameters that are not
available in the statistics by comparing the simulation results to
the statistical data.
The main problems encountered in the application of the
approach, are connected with the model calibration, the
justification of the economic information for setting initial
conditions, determining the date of a "turning point" and the
corresponding value of the dummy variable.
Further development of the approach can be associated
with the use of more complicated approximation of stochastic
differential equations and probabilistic grids for the stochastic
variables.
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Abstract—New variant of TOPSIS is presented, which is
based on generalization on the way how ideal solutions in the
TOPSIS are created. Also reasons why this variant is giving
different ranking orders compared to original TOPSIS is shortly
addressed.

I.

Let T n and T con denote n−ary T −norm and T −conorm.
Given a set of alternatives A = {ai |i = 1, 2, · · · , m}, a set
of criteria C = {cj |j = 1, 2, · · · , n} and aPset of weigths
n
W = {wj |j = 1, 2, · · · , n}, wj > 0,
j=1 wj = 1,
where wj denotes the weight of the criteria cj , let X =
{xij|i=1,2,···,m,j=1,2,···,n } denote the decision matrix where xij
is the performance measure of the alternative ai with respect
to the criteria cj . Given the decision matrix, the generalized
ideal solution based TOPSIS involves following steps.

I NTRODUCTION

Multicriteria decision making method called TOPSIS
(Technique for Order Preference by Similarity to Ideal Solution) aims to choose alternative that should simultaneously
have the closest distance from the positive ideal solution (PIS)
and the farthest distance from the negative ideal solution (NIS). Step 1.
Subject of having preference over PIS or NIS in considering
both ideal solutions has not been much considered so far. Step 2.
Several researchers have commented on the fact that basic
TOPSIS does not take into account this subject (see i.e. [1]),
but only few provide meaningful solution to the subject [2].
Most of these address this problem from relative closeness
(or closeness coefficient) point of view as in [2]. Here we Step 3.
concentrate on addressing this problem allready at the point
where we create the ideal solutions by generalizing standard
intersection/union operators to a stricter/weaker form.
II.

M ATHEMATICAL BACKGROUND

Let zij denote normalized decision matrix. Compute the weighted normalized decision matrix. The
weighted normalized value vij is calculated as
vij = wj zij , i = 1, 2, · · · , m, j = 1, 2, · · · , n

(5)

Determine the positive ideal solution (PIS) and the
negative ideal solution (NIS).

P IS = {v1+ , v2+ , · · · , vn+ } = {T n∀i (vij )|j ∈ J1 , T con∀i (vij )|j ∈ J2 }

Here, J1 is the set of benefit criteria, and J2 is the set of
cost criteria.
Step 4.

The standard n-ary T −norm, TM can be obtained for all
(x1 , x2 , ..., xn ) ∈ [0, 1]n by:

Calculate the separation measures using the n-dimensional
Euclidean distance. The separation measures Di+ and Di−
of an alternative ai from the PIS and NIS are

v
uX
u n
+
Di = t
(vij − vj+ )2 , i = 1, 2, · · · , m

(1)

(6)

j=1

Probabilistic n-ary T − norm:
TP (x1 , x2 , x3 , ..., xn ) =

Normalize the decision matrix into unit interval.

N IS = {v1− , v2− , · · · , vn− } = {T con∀i (vij )|j ∈ J1 , T n∀i (vij )|j ∈ J2 }

Associative fuzzy union (T-conorm) and intersection (Tnorm) operators can be generalized to their more general
counterparts (see [3],[4]). For example standard minimum and
maximum operators and probabilistic t-norm and t-conorm can
be extented to following forms.

TM (x1 , x2 , x3 , ..., xn ) = min(x1 , x2 , x3 , ..., xn )

TOPSIS WITH GENERALIZED NORM OPERATORS

n
Y

(xk )

v
uX
u n
Di− = t
(vij − vj− )2 , i = 1, 2, · · · , m

(2)

k=1

(7)

j=1

Let (x1 , x2 , ..., xn ) ∈ [0, 1]n be an n-ary vector, then the
standard union can be calculated,
SM (x1 , x2 , ..., xn ) = max(x1 , x2 , ..., xn )

Step 5.

(3)

RCi =

The n−ary probabilistic t-conorm:
SP (x1 , x2 , x3 , ..., xn ) = 1 −

n
Y

Calculate relative closeness (RC) of the alternative ai .
Di−
+ Di−

Di+

(8)

0 ≤ RCi ≤ 1, i = 1, 2, · · · , m

(1 − xk )

(4)

Step 6.

k=1

10

Arrange the ranking indexes in a descending order to obtain
the best alternative.
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IV.

D ISCUSSION

In this extented abstract we have very shortly introduced
an idea for one generalization of TOPSIS now based on nary norm operators. Reason behind this is to try to introduce
possibility to set possible preferences with PIS over NIS or
vice versa.
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Abstract—This chapter introduces an extension of the basicemotion semantic differential method proposed by Huang, Chen
and Khoo in 2012. It draws from the ideas of Kansei engineering
and uses Likert-type or semantic-differential-type scales to obtain
inputs. In the original method proposed by Huang et al., the
possible discrepancies in the understanding of the Kansei tags and
their meaning (emotion-wise) are reflected by adjusting the group
evaluations in each Kansei tag with respect to the variability of
understanding of the particular tag by the evaluators. Although
one possible discrepancy is thus taken care of, there are still
issues that remain unsolved - e.g. the selection of functions used
to perform the adjustment of values, the possible item-scale
interaction problem in semantic differential scales, the issue of
relevance of the scales (in this case representing Kansei tags and
basic emotions) etc.
We therefore propose a modified data gathering procedure and an
interval-valued modification of the method. Our method registers
information on the perceived relevance of the scales for the
purpose of the evaluation and the confidence of the evaluators
concerning their answers. This information is transformed into
uncertainty of answers, represented by interval values. We
introduce the modified computation formulas required to be able
to compute with the interval-valued evaluations and discuss the
dissensus of evaluators under this more uncertain representation
of evaluations.

12

We apply the concepts of strong and weak E-consensus
introduced by Stoklasa, Talášek and Stoklasová in 2017 and define
a measure of dissensus as the length of the body diagonal of a
multidimensional block. This way we introduce an emotion-based
linguistic multi-expert evaluation method for the evaluation of less
tangible (and difficult to measure) aspects/characteristics of the
alternatives, which complies with the requirements on linguistic
modelling, as it resolves possible differences in the understanding
of the linguistic anchors of the scales and at the same time
reflects the perceived relevance of the scales and confidence of
the evaluators.
Keywords—multi-expert evaluation, emotional design, Kansei
engineering, evaluation, semantic differential, interval-valued, consensus, uncertainty, strong consensus.
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10]). The economic freedoms, under our analysis, represent
institutional factors. For 2016, Economic Freedom Index and
GDP per capita clearly go hand in hand with a 0.63 correlation
over all countries and the Heritage foundation states that “[...]
the affirmative link between economic freedom and long-term
development is unmistakable and robust” and that countries
allowing their citizens more economic freedom achieve also
higher well-being, longer lives, better health and education
among other things [3]. Freedom variables’ positive relation to
GDP growth is typically supported [1,3,4,5,6], but some
studies suggest that there is a threshold after which more
freedom is not so significant [7]. Of the freedom variables,
private property is found specifically important for growth [7],
while labor freedom, financial freedom, fiscal freedom [6], and
trade openness not [8]. While property rights and rule of law
support the growth, also some other institutional factors, out of
the scope of this paper, such as political freedom (or
democracy) and quality of governance can be crucial [9], [10].

Abstract—This paper studies the relationship of economic
freedom variables, GDP per capita, and GDP growth. The
OECD’s data, 2009-2016, for GDP of 36 countries are firstly
matched with 10 freedom variables behind the Index of
Economic Freedom. The normalized data is then clustered by
self-organizing maps to get four clusters of countries. The
constructed clusters are intuitively explainable, but principal
component analysis is used to support the interpretation of each
cluster. The paper discusses a real options perspective, how
economic freedoms can open up wealth-creating options and
increase GDP growth, and in which circumstances this may not
be the case. The purpose of the study is to lay a ground for later
exploration of links from economic freedoms to material and
non-material well-being of which at least the first one clearly is
affected by GDP.
Keywords—GDP; economic growth; economic freedom; real
options; clustering analysis; self-organizing maps, principal
component analysis

I.

The working assumption in this paper is that economic
freedoms create wealth and increase national GDP. This can
further be viewed from a real options perspective. Real options
thinking can be applied into identifying value-creating
opportunities. By real option thinking, economic freedoms
create opportunities and market actors create value by utilizing
the opportunities. Opportunities can be seen as an umbrella
term under which real options, or complex systems of real
options, fit.

INTRODUCTION

This paper studies why some nations prosper and some
nations do not, the very same question tackled by Adam Smith
in his An Inquiry into the Nature and Causes of the Wealth of
Nations in 1776. For this paper, we fix the measure of
“prospering” as GDP per capita and its growth rate. Adam
Smith wrote that “little else [than a system of natural liberty] is
requisite to carry a state to the highest degree of opulence”, and
since then, economic freedom has been suspected as a
necessary, if not sufficient, condition for prosperity [1]. High
growth began in Britain already around 1650 and since the
industrial revolution around 1750, the permanent technological
revolution has been under way, while the crucial catalyst to
spread well-being has been the capitalist revolution
characterized by a certain combination of institutions, i.e., the
laws and social customs regulating the ways of organizing the
production and distribution of goods and services within
economies [2].

Next, we take a look at economic freedoms and their
connection to GDP per capita (data presented in section 2) by
applying, firstly, self-organizing maps to cluster countries
(section 2a), and secondly, by principal component analysis
(section 2b), to get an understanding how clusters are
characterized by which principal components and economic
freedoms together with GDP. Then, interpretations of results
and suggestions for future research opportunities are presented.
II.

Factors creating economic growth have been intensively
studied and modeled. They include, e.g., population growth,
labor, working hours, capital, technology, specialization,
related productivity, and various institutional factors (cf., [2-

DATA

The Economic Freedom Index, published by Wall Street
Journal and Heritage Foundation, measures economic freedom
based on 10 quantitative and qualitative variables, which are
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grouped into four broader categories until 2016 (2017 has two
more aspects, which are not included in our analyses):
•

Rule of law: 1. property rights, 2. freedom from
corruption (for 2017, also government integrity,
which corresponds the freedom from corruption, and
judicial effectiveness, which we leave out);

•

Government size: 3. government spending, 4. fiscal
freedom (for 2017, also tax burden, which
corresponds to fiscal freedom, and fiscal health, which
we leave out);

•

Regulatory efficiency: 5. business freedom, 6. labor
freedom, and 7. monetary freedom; and

•

Market openness: 8. trade freedom, 9. investment
freedom, and 10. financial freedom.

Fig. 1. Country clusters (SOM-Ward clustering)

The clustering is based on our variables: ten freedom
variables, GDP per capita, and a 3-years growth rate of GDP
per capita, all twelve included as inputs into the SOM method.
Standardized variables map into the clusters as seen in Fig. 2.

Each of the ten economic freedoms within these categories
is graded on a scale of 0 to 100. In the actual Index of
Economic Freedom, a country’s overall score is derived by
averaging these ten economic freedoms, with equal weight
being given to each. Although attractive due to its simplicity,
averaging the 10 variables is a form of rather humorous
Stetson-Harrison's pulling-out-of-hat methodology. Therefore,
we instead utilize all 10 variables separately (and in an
extended paper, will build a composite freedom index based on
the findings of the principal component analysis of this paper).
In addition to the ten economic freedom variables, we
include GDP per capita and a 3-years growth of GDP per
capita for each year, 2009-2016 (using data starting from 2007
for calculating the growth rates), for 36 countries. GDP data
are obtained from OECD (https://data.oecd.org/chart/4Uge).
This means a total sample space is 12 x 8 x 36 = 3456
observation. All the variable values are standardized before the
analyses done in the next section.
III.

ANALYSIS

A. SOM-Ward Clustering Analysis
We apply self-organizing maps using SOM-Ward
clustering method, by using all 12 variable values for all 8
years, 2009-2016, for 36 countries, as observation inputs. This
leaves us with the following four clusters seen in Fig. 1.

Fig. 2. Clusters per variables

The map is a two-dimensional object in a multidimensional space and can be visualized cross-sectionally.
Each attribute picture displays the distribution of values for the
corresponding attribute over the map. Since all attribute
pictures are different views of the same map, a particular point
in the map represents the same node in all attribute pictures.
The nodes on the map are clustered such that similar nodes are
grouped into a cluster and nodes belonging to different clusters
are distinct, the cluster borders being visualized on the map.

• Cluster 1 (18 countries): Australia, Austria, Belgium,
Canada, Switzerland, Germany, Denmark, Finland, UK,
Ireland, Iceland, Japan, Luxemburg, Netherlands,
Norway, New Zealand, Sweden, and USA
• Cluster 2 (10 countries): Chile, Czech Republic,
Estonia, Hungary, Israel, South Korea, Mexico, Poland,
Slovak Republic, and Turkey
• Cluster 3 (6 countries): Spain, France, Greece, Italy,
Portugal, and Slovenia

By ordering eigenvalues, we see, which principal
components, PCs, of the twelve possible ones are retained in
the principal component analysis, PCA. This is done next.

• Cluster 4 (2 countries): Brazil and Russia. (Note that
India and China were left out due to lacking
observations for some years, cf. BRICS countries.)

B. Principal Component Analysis
One reason for running PCA is to reduce the large number
of variables to a few principal components, PCs, which are
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capable of comprising the same information. The number of
PCs extracted is equal to the number of variables. The first PC
explains most of the variance in the data. The second PC
accounts for the largest amount of variance in the dataset and is
uncorrelated with the first PC. PCs explaining the maximal
variance are retained while the PCs accounting for an
insignificant amount of variance are not retained.

negatively correlated with Monetary Freedom (-0.570) and
moderately positively correlated with Fiscal Freedom (0.427)
and Trade Freedom (0.402); PC5 is moderately positively
correlated with Labor Freedom (0.476) and moderately
negatively correlated with Freedom from Corruption (-0.476)
and Monetary Freedom (-0.441).
Cluster 2: According to the criterion of cumulative variance
for C2, the first 4 PCs explain 74.69% of the total variability:
PC1 is moderately positively correlated with Financial
Freedom (0.44) and Property Rights (0.42); PC2 is moderately
positively correlated with Business Freedom (0.57) and
moderately negatively correlated with Trade Freedom (-0.57);
PC3 is moderately positively correlated with GDP growth
(0.52) and in a lesser extent with Freedom from Corruption
(0.39) and Government Spending (0.35); PC4 is strongly
positively correlated with Fiscal Freedom (0.68) and
moderately negatively correlated with GDP (-0.46).

Table 2. Loadings (truncated output)

Table 1. PCA with at least 75% cumulative variances (truncated output)

Cluster 3: The first 4 PCs explain 82.70% of the total
variability: PC1 is moderately positively correlated with
Property Rights (0.43), Freedom from Corruption (0.38), GDP
(0.37) and GDP growth (0.37), and moderately negative
correlated with Fiscal Freedom (-0.39); PC2 is moderately
positively correlated with Trade Freedom (0.57), Investment
Freedom (0.55) and Government Spending (0.44); PC3 is
moderately positively correlated with Business Freedom (0.53)
and moderately negatively correlated with Labor Freedom (0.44) and GDP (-0.40); PC4 is moderately positively correlated
with GDP growth (0.46) and Monetary Freedom (0.41), and
negative correlated with Financial Freedom (-0.58).

We choose the number of PCs that will explain a maximal
amount of variance. This criterion says that the cumulative
variance (cumulative proportion) is at least 75%. See Table 1
for truncated output of eigenvalues to show the number of PCs
in each cluster by the criterion. The eigenvalues indicate the
amount of variance explained by each PC. Eigenvectors are the
weights used to compute the components’ scores. Other
criteria, the scree-plots and the Kaiser’s rule, supports the
results from the shown criterion of cumulative variance.
In a multivariate space, the correlations between the PCs
and the attributes are called loadings seen in Table 2. The
loadings are analogous to correlation coefficients; their squares
give the amount of explained variance. The loadings indicate
how much the variation in a variable is explained by the PC.

Cluster 4: The first 2 PCs explain 79.19% of the total
variability: PC1 is quite evenly positively correlated with
Financial Freedom, Freedom from Corruption, Investment
Freedom, and Property Rights (0.30–0.36), while negative
correlated with Fiscal Freedom (-0.38), Business Freedom (0.27), Government spending (-0.21) and GDP (-0.37); PC2 is
moderately positively correlated with GDP growth (0.51) and
Labor Freedom (0.49), while somewhat negatively correlated
with Business Freedom (-0.39), Trade Freedom (-0.34) and
Freedom from Corruption (-0.32).

Cluster 1: As we can see in Table 1, the first 5 PCs retain
77.53% of the total variability (cumulative proportion). We
retain 5 PCs with following correlations (loadings seen in Fig.
4): PC1 is moderately positively correlated with Financial
Freedom (0.425), Investment Freedom (0.423) and Property
Rights (0.431); PC2 is moderately negatively correlated with
Business Freedom (0.523) and moderately positively correlated
with GDP per capita (0.552); PC3 is moderately positively
correlated with Fiscal Freedom (0.412), Government Spending
(0.441) and Labor Freedom (0.470); PC4 is moderately

Fig. 3 shows the clusters for which a significant deviation
of the cluster mean of some attributes from the mean of the
dataset has been detected. On the left are displayed the profile
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charts showing the attributes having the largest deviation from
the training data (the most negative indicated with blue
background and the cluster where it is most positive is
indicated with red background). The cluster means of the
attributes are showed to the right of the profile charts. The
cluster means are indicated in blue when they are significantly
below the mean of the entire dataset and in red when they are
above, and pink background means maximum value and blue
means minimum value for 12 attributes over all clusters. Charts
of the descriptive statistics are displayed on the right. The
attributes that have a significant deviation from the training
data (here the entire dataset) in at least one cluster are shown. If
an attribute’s deviation is not significant in a cluster, the
corresponding bar is not colored. Cf., [11], p. 159.

profoundly including both the technical and economic
interpretations.
Secondly, the paper will be extended by econometric
regression analyses, which will be done with the same data
used here by building composite indexes (by using PC weights
as an index’s coefficients representing the amount of the total
variance accounted for each PC) for each cluster by freedom
variables, based on PCA conducted in this paper. Composite
indexes cluster-wise forecasting ability on GDP per capita and
GDP growth rates are then studied. Thirdly, we later plan to
expand the approach to the link from economic freedoms to
material well-being including also non-financial wealth such as
land and dwelling data, and fourthly, to non-material wellbeing by tackling the OECD’s Better-Life Index and the 24
variables behind it. As for other related future research
challenges, we identify several potential directions, e.g.: more
countries can be put under similar analysis as GPD and
freedom data is available. This likely gives also more clusters
and their GDP-creating mechanics can be studied utilizing,
e.g., their institutional features.
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Abstract – This article presents the results of research
evaluating the positions of Russian and Baltic countries
universities in the world university rankings, which is based on
the use of the neural network methods of clustering.

• the number of universities which are simultaneously
included in top hundred of the best universities in the ARWU,
THE WUR, QS rankings in 2014-15 is only 54, while the total
number of universities included in the Top 100 of any one of
the listed ratings is 150;
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I.

• the methodology for compiling many authoritative world
ratings is constantly improving and changing, which leads to
significant changes in the positions of a number of universities
in these ratings [2].

INTRODUCTION

Among the possible reasons for these shortcomings of
existing world ratings can be, for example, the subjective
nature of the selection of indicators of the activities of
universities, giving them weight coefficients of their
importance, using different methods of ranking universities,
etc. Thus it is necessary to analyze the causes of certain
shortcomings of various world ratings, as well as to search for,
develop and justify new methods for quantitative assessment,
multi-criteria ranking and forecasting the performance of
leading universities in the context of increasing their global
competitiveness aimed at reducing these shortcomings.
Information base of the research is taken from the InCites
database owned by Thomson Reuters, which serve to form the
international ratings of THE WUR and partly for ARWU.

In recent years, world rankings are widely used in assessing
the performance of leading universities. Universities became
much more focused on places in world rankings, since their
high positions allow universities to attract gifted students,
talented professors and researchers. In addition, high places of
universities in authoritative world university rankings serve as
a kind of indicator of the competitiveness and success of the
development of the national higher education system, allowing
to attract additional financial resources [1].
It should be noted that, despite the long history and
obvious advantages of applying authoritative world ratings to
assess the performance of leading universities, they have
significant shortcomings.
For example:

II. THE METHODOLOGY
The main areas, where for many years have already
effectively applied data mining methods based on hybrid
systems (artificial neural networks, fuzzy set theory, genetic
algorithms), are first of all such directions as engineering
science, medicine, automatic control. However, in recent years
these methods of data analysis have been quickly implemented
into the social sciences, including the economics. Methods
based on the artificial neural networks, are widely used, for
example, in the banking business for the segmentation of
borrowers or to create management decision-making systems.

• the high positions of universities in some authoritative
world rankings do not guarantee them high positions in other
ratings. For example, in 2015, the first hundred of the Shanghai
rankings included one university from Russia and none from
China, while at the same time there were twenty Chinese
universities and no Russian universities in the top 100 of THE
WUR;
• the dynamic of changing the positions of individual
universities in one world ranking may differ significantly from
the dynamic in other rankings;
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The current research presents a set of mathematical
methods and tools based on artificial neural networks which is
used for multicriteria ranking and forecasting of performance
indicators of leading universities. A comparison of the method
of clustering on the basis of Kohonen maps with other
widespread approaches to the grouping of objects has shown its
effectiveness and wide application possibilities, including for
studying the features of the development of universities which
are multifunctional educational and scientific institutions and
have a complex organizational structure. The study proposed
an approach to assessing the current situation of the universities
of the Baltic countries in the international education system and
determining the threshold indicators of the activity of higher
educational institutions for being included in the number of
leading world universities on the basis of Kohonen selforganizing maps. The main advantages of the proposed
approach are [3]:

M.V. Lomonosov, St. Petersburg State University, University
of Tartu and Vilnius university, based on the results of
clustering on the basis of 2012 data, were included in the 4th
cluster, which consists of universities that occupy an
"average" position. At the same time, Riga Technical
University and Tallinn University of Technology are included
in the 5th cluster with universities that have a "below average"
position.
6. Choose a cluster of universities - world leaders who
are highly likely to have a high level of international
competitiveness.
7. Determine the threshold values of key factors and
performance indicators of universities, the achievement of
which contributes to their competitiveness among the world's
leading universities. For example: Moscow State University.
M.V. Lomonosov to enter the 1st cluster with leading
universities requires to increase the indicators of Papers int coauthor / Papers and Acad staff int / Acad staff by only 0.01.

1. High level of objectivity of results due to the use of
quantitative indicators and factors characterizing the global
competitiveness of universities, rather than subjective
assessments of experts.

8. Comparison of the positions of the universities of the
Baltic countries in accordance with the model constructed
shows that the leading positions are occupied by the
universities of Germany, Russian universities are in middle
positions, yielding also to the universities of Sweden and
Finland. Thus, only universities from Germany and Sweden
are present in the cluster of universities with world leaders,
while most of the universities in Russia occupy positions in
the cluster, which has a generalized characteristic - "below
average".

2. The use of intelligent methods of data analysis,
consisting in the construction and training of a neural network
in the form of a self-organizing Kohonen map, provides
abundant opportunities for automation of the data analysis
procedure.
3. Simplicity and ease of interpretation of analysis
results.
III.

CONCLUSION
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4. Distribute the Universities of the Baltic region
countries into the clusters (table 1):
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5. To carry out a multi-criteria evaluation and build a
rating of leading universities in the context of global
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Abstract— In many applications, information and features are available or easily obtainable in large volumes, but are potentially of
low quality. However, it is not always beneficial for machine learning to have more information. An issue arises with data sets, where
not all the available features are relevant for understanding the phenomenon and conducting the classification task. The idea of feature
selection is to determine a subset of features which represents the data well, reduces the effect of noise and results in accurate
classification results. In this paper, we propose a wrapper feature selection method that is based on fuzzy similarity measures and
entropy with a scale factor. We use a scaling factor to the feature and class specific entropy values to account for the distance between
the ideal vectors for each class. The feature selection is tested on two medical data sets: a dermatology data set and a chronic kidney
disease data set. For the dermatology data set, the similarity classifier reaches an accuracy of 98.36% with only 29 out of 34 features,
which is a higher accuracy than without feature selection and a similar performance than the benchmark feature selection algorithm,
which requires more features for a comparable performance. For the chronic kidney disease data set the highest accuracy of 100.00%
was reached with the new feature selection technique and only 4 out of 24 features.
Keywords— Feature Selection; Machine Learning; Supervised, Fuzzy; Similarity; Entropy
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Abstract — Data and information are important assets for a
company, which is why efficient business operations require
proper management of these assets. This is especially important
for high-risk companies. This paper dwells upon the analytical
data collection and processing system integrated in the learning
management system for mass-profession workers; the system has
been implemented at the Oktyabrskaya Railway’s Department of
Locomotives as well as at the Car Service of the Oktyabrskaya
Infrastructure Department. The paper analyzes the system for
compliance with the requirements of modern IT systems. It also
dwells upon the problem of analyzing the quality of test questions
asked to mass-profession workers as a part of theory in technical
training that all the JSCo "RZD" employees are obliged to
undergo in accordance with the Company’s current regulations.
This problem can now be solved thanks to the implementation of
this analytical system.
Keywords — technical education; testing results; COBIT
methodology; test question analysis; JSCo "RZD"

I. INTRODUCTION
Proper organization of data and information management
enables a company to control the various aspects of its
activities, to make strategic and tactical changes, which is of
special importance for high-risk companies. Joint Stock
Company "Russian Railways" is a high-risk company, too.
JSC Russian Railways is national vertically integrated
company, the sole owner of the railway infrastructure, the
significant part of the railway engineering equipment and
rolling stock, and the biggest railway operator in the country. It
was established as a Joint Stock Company in 2003 and the only
share holder of the company is the Government of Russian
Federation. JSC Russian Railways is included into top 3 of the
world railroad companies, and this is determined by the
following factors:
 Huge volumes of freight and passenger traffic;
 High financial ratings;
 Qualified personnel in all areas of rail transport;

Kuranova Olga N.
Emperor Alexander I St. Petersburg
State Transport University,
Saint-Petersburg, Russia
olga_kuranova@mail.ru

 Large scientific and technical base;
 Large engineering and machinery build potential;
 Significant experience in international cooperation.
JSC Russian Railways operates 16 regional railways and
over 100 daughter companies. The cargo transportation share
of JSC Russian Railways is 42% and passenger turnover share
is 30% [1].
Companies operating at such level need a branched IT
architecture covering all of their activities. When implementing
such architecture, the business vision of the top management
shall match that of the IT Dept. As of now, there have been
developed several guides on the creation of IT infrastructure
for the company. Those include ITIL (IT Infrastructure
Library) [2] and COBIT (Control Objectives for Information
and Related) [3], [4].
Creating such IT architecture is a labor-intensive task that
takes time and effort of multiple departments. This paper
dwells upon the implementation of a system for recording the
results of training underwent by mass-profession employees at
JSCo "RZD"; it analyzes the efficiency of this system from the
standpoint of the COBIT methodology. The paper also
describes specific problems that became solvable thanks to the
implementation of that system.
II. DESCRIPTION OF THE SUBJECT AREA
Cargo and passenger transportation safety is one of the
main challenges JSCo "RZD" is facing [5].
According to the annual report, the main internal staffing as
determined by the Company itself, are as follows:
 The level of professional skills of the staff is not
sufficient to meet the needs of the JSCo "RZD" holding.
 Skilled employees are leaving the company because the
lack motivation, and the wages that the JSCo "RZD"
holding offers are not competitive compared to other
industries.
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 culture, ethics, and conduct;

It should be noted that most of those risks are related to
staff training. One of the tools to maintain a high level of
expertise is technical training [6], [7].

 information;
 services, infrastructure, and applications;

Technical training is a set of measures aimed to periodic relearning and persistent improvement of the professional
knowledge and skills wielded by the employees; such training
shall be underwent in-service [8]. To make this process more
efficient, JSCo "RZD" has introduced its learning management
system (LMS) that includes materials on the technical training
theory that every employee shall study on a monthly or
quarterly basis, depending on their job [9]. After each such
series of classes, employees have to pass special tests. Each test
contains questions from a specific area of knowledge;
questions are generated randomly from the shared pool of
knowledge belonging to that specific area [10].

 people, skills, and competencies.
The LMS described above relates to ‘people, skills, and
competencies’, whereas the Analytical System for Collection
and Processing of Data on Distance Technical Training relates
to the information factor. Is necessary to analyze it for the
conformity to requirements related to information
management.
According to the methodology, one first has to identify the
attributes of the impact factors, and then to determine the
metrics for each attribute.

The system was organized in such a way that the details on
how a test were been passed, i.e. what answers were given to
each question during the test, would not be stored
electronically and were not available to test organizers. As a
result, a lot of data affecting transportation safety was lost;
therefore, the work of IT departments was organized
inefficiently.

The first attribute is the internal and external stakeholders
of the implementation of the system. Within JSCo "RZD", the
internal stakeholders are the structural subdivisions as well as
the auditors responsible for transportation safety. The external
stakeholders are all users of JSCo "RZD" services.
Metrics reflecting
stakeholders are:

The main departments using the information obtained in
such trainings are the administrative departments in the
structural subdivisions of JSCo "RZD", i.e. the persons that
make decisions, including HR. IT Department relies on that
information, too, to organize training and analyze data
obtained. There is a certain need to organize the cooperation of
these departments properly to create and efficient operating
model aimed at efficient staff training for the sake of
transportation safety. That is why the Analytical System for
Collection and Processing of Data on Distance Technical
Training has been developed [11], [12] that enables detailed
testing of employees’ knowledge so as to order, if necessary,
additional instruction on the topics this or that employee knows
the worst.

the

satisfaction

of

the

internal

 The share of non-lost (reliable) information about the
persons tested.
 The share of correct (reliable) information for specific
structural subdivisions.
For the analytical system herein described, those metrics
reach 100%.
The metrics reflecting the satisfaction of external
stakeholders are:
 The share of timely completed orders.
The second attribute of the impact factor are the goals, by
achieving which the factor creates value. The goals of the
system under analysis are:

The software is a cross-platform web application utilizing a
client-server architecture. It enables the persons responsible for
the training to control and analyze the learning of the included
sections from the Learning Management System, as well as to
supervise the testing process. The system has been designed for
various management levels, filtering only those information the
managers at this or that level need.

 Complete monitoring of employees’ competencies.
 Efficient organization of training from the standpoint of
how that training improves the knowledge and skills of
persons trained.

III. ANALYSIS OF THE IMPLEMENTED SYSTEM

 Identification of employees at risk that need individual
approach in training.

Let us analyze the system described under the COBIT 5
methodology. According to this methodology, management
impact factors are among the organizational resources of the
company management, which also include methods, principles,
structures, processes, and practices the company employs in its
activities to achieve its goals. COBIT 5 outlines seven such
factors:

Metrics indicating whether the goal has been achieved:
 The ratio of the number of answers obtained to the total
number of tests passed.
 The ratio of the number of analyzable tests to the total
number of tests passed.

 principles, policies, and approaches;

 The number of transportation safety violation due to
inappropriate or slow action of locomotive crews and
infrastructure directorate employees.

 processes;
 organizational structure;
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o

For the analytical system herein described, the first two
metrics reach 100%.

Guidelines to the Maintenance of Rolling
Stock.

It should be noted that the employment of distance
technical training has since its pilot project implemented at the
Oktyabrskaya Railway’s Department of Locomotives returned
positive results relating to railway transportation safety.

 Transportation safety devices:

The third attribute is the life cycle, which in this case
corresponds to the classical life cycle of information systems.
The system has been commissioned.

 Hazardous Cargo Transportation.

o

Monitoring Hardware Set (MHS);

o

Rolling Stock Derailment Detector (RSDD).

 Labor protection:

The metric reflecting the life-cycle management process is:

o

Labor Protection;

 The lag of the system adjustments to changing
conditions.

o

Labor Safety.

All the test questions can be classified as belonging to the
selected areas of knowledge or competencies.

The last attribute is the good practices that are of help when
it comes to reaching the goals. The system under analysis has
been developed in accordance with the standards and
requirements developed by JSCo "RZD". Besides, the
developed analytical data processing system contains blocks
that utilize data mining.

Data so far collected suffice for LMS test question quality
analysis and are of help when it comes to identifying testrelated issues.
Test question analysis is viewed from the standpoint of
scores obtained by the employees of the Car Service of the
Oktyabrskaya Infrastructure Department. Within the
framework of tests, employees were asked 650,957 questions
from a pool of 2,059 questions. The analysis revealed the
following drawbacks:

It should be noted that the Analytical System for Collection
and Processing of Data on Distance Technical Training is fully
consistent with the Company’s ethics and culture, laws,
regulations, policies, values, mission, management style and
risk-taking.

 Questions from four sections were asked no more than
five times out of the total number of questions asked.

IV. ADVANTAGES AND FURTHER ANALYSIS OF THE SYSTEM

 32 questions were asked only once each.

Over the time that the system has been in use, its database
accumulated a lot of data related to employee tests. It has
enabled Data Mining analysis of the qualifications of
employees that are to be recruited or scored low in the course
of training [13], [14], [15]. Thus they had their residual
knowledge evaluated and got scores for the tests used in their
training.

 32 questions were asked only twice each.
 142 questions were asked less than five times.
There are two possible causes of that: improper
functioning of the algorithm that selects questions from the
pool; and poor planning of the technical training. That is why
there emerges another problem (not described herein), which is
to analyze the theory sections. Organizing targeted selection of
a certain number of questions in relation to key competencies
will enable target gap-filling in such training.

The Car Service of the Oktyabrskaya Infrastructure
Department has determined the competencies the impact of
which is directly related to organizing safe transportation. All
the competencies reflect employees’ knowledge of the theory
related to the operation of the rolling stock machines inspected
as a part of such employees’ work; the employees’ were also
tested for the knowledge of the main guidelines. Therefore,
there have been outlines employee competencies related to the
knowledge of:

The specifics of technical training impose certain
requirements to the formulation and evaluation of test
questions. Those who attend such training do not get any new
knowledge, because the purpose of this classes is to maintain
the knowledge, skills, and competencies they already have.
That being said, the percentage of answers to the questions in
tests shall be at 100%.

 The main components of rolling stock, including:
o

Automatic Couplings;

o

Automatic Brakes;

o

Journal Boxes;

o

Wheel Pairs;

 40 questions asked more than 5 times were answered
incorrectly in no less than 90% of cases.

o

Car Body and Frame;

 26 of those were always answered incorrectly.

o

Car Trolleys.

 15 questions that were answered incorrectly in 90% of
cases or more were related to the rolling stock theory,
namely to the car trolleys. 11 of those questions were
always answered incorrectly.

Analysis of the number of incorrect answers revealed
the following:

 The main regulatory documents and guidelines:
o

the Labor Code and the Bonus Guidelines;
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 As for the journal box questions: 9 questions were
answered incorrectly in 90% of all cases or more, 4 of
them were always answered incorrectly.

This analysis has identified the existing problems in the
cooperation of IT departments and the managers directly
responsible for organizing efficient distance technical training;
the analysis has also helped outline the ways to improve the
process. Proper organization of theory class data processing
and the analysis of test answers given by the employees will
enable an efficient information system aimed at ensuring the
safety of transportation and maximizing the satisfaction of the
Joint Stock Company "Russian Railways" customers.

 As for the questions related to identifying the fault of
wheel pairs: 8 questions were answered incorrectly in
90% of all cases or more, 7 of them were always
answered incorrectly.
That is why those questions should be emphasized and
verified for quality. In case they are found appropriate, the
employees who gave wrong answers need urgent retraining, as
their inappropriate or insufficient knowledge of these
competencies may result in risks relating to possible
derailments. Inappropriate inspection of car trolleys can result
in non-identification of existing structural cracks or kinks,
further leading to a derailment. The same can happen in case of
inappropriate inspection of journal boxes. Inspection of wheel
pairs can be done with multiple violations, i.e. nonidentification cracks, which results in a derailment, too.
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Working capital management targets keeping companies’
short-term liquidity positive in order to avoid insolvency.
However, management requires a proper analyzing tool to
conduct well-informed decision-making. Existing literature
either addresses working capital issues with case studies or
empirical analysis [1-4], or suggests system dynamics
approach, but for neighboring topics, missing focus on working
capital [5-7]. This paper recognizes convenience of the system
dynamics approach to model working capital and offers a tool
to analyze its development and check appropriateness of
different liquidity budgeting tactics.

We consider the development of working capital under
different liquidity budgeting strategies. The first ‘doing
nothing’ scenario shows that for the almost whole first year the
company is not able to meet its obligations due to negative
working capital implying insolvency and bankruptcy, if no
additional funds are raised.
Further, we consider how different strategies of liquidity
management affect company’s cash flows. The alternatives
include simple money injections (like personal savings or
money coming from another profitable business), borrowing
money from a bank, borrowing money from a bank and lending
spare cash, selling one of the apartments.

System dynamics is an approach to model dynamic systems
(systems, whose variables interact stimulating changes over
time) to understand how they develop over time [8]. A number
of different simulation environments are designed specifically
for the system dynamics approach. The common features
among those are such elements as flow and stock variables,
feedback loops and time delays that facilitate modeling of
complex dynamic systems.

In particular, borrowing and lending strategy suggest the
most reasonable way of managing liquidity, because it ensures
always positive working capital, but in addition makes spare
money work (Fig. 2).

Working capital, being accumulation of all previous cash
inflows minus outflows can be easily modeled with system
dynamics software as a stock variable, Fig. 1.

Fig. 1. Generic model of the working capital

Each simulation time Working capital stock variable is
calculated as previous year working capital amount plus
previous year inflow minus previous year outflow. Essentially,
cash inflows and outflows would be different for different
operations and companies, therefore, further discussion is
developed based on a particular case.

Fig. 2. Borrowing vs borrowing & lending strategy

The elaborated model can serve as an analyzing tool for
working capital development, understanding and management.
Effects of different liquidity funding solutions can be easily
tracked beforehand to support decision-making.

For the illustrational purpose, we have chosen the case of a
small rental company with three apartments. The business
model involves renting these three apartment, receiving rental
and water payments according to the rental schedule, and
paying the costs associated with these apartments and overall
company operation.
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