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Abstract

Financial and economic evaluation of investment projects is central to the process of justification
and selection of possible options for investing in transactions with real assets. It is largely based on the
use of simulation methods. A common disadvantage of most performance indicators of investment
projects is the requirement of certainty of input data. This results in significantly biased point estimates of
project performance and risk. The presence of various types of uncertainties leads to the need to adapt the
indicators of assessing the economic efficiency of the investment project through the use of mathematical
methods that allow formalizing and simultaneously handling different types of uncertainty. The article
analyzes the investment project by the Monte Carlo method, which is the most complex, but also the most
powerful method of assessing and taking into account risks when making an investment decision. Due to
the fact that in the process of implementation of this method is playing a fairly large set of options, it can
be attributed to the further development of the scenario’s method. The Monte Carlo method provides the
most accurate and reasonable probability estimates. The using of Bayesian intellectual technologies for
the analysis of efficiency of the investment project allow to consider in detail the investment project from
all possible parties in the conditions of considerable uncertainty, and also to estimate probability of
occurrence of this or that event in the project, to show dispersion of the received sizes that further
promotes more reasonable and considered investment decision.
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1. Introduction

Effectiveness evaluation of the investment project is one of the most important stages in solving a
set of strategic tasks characteristic of the stage of implementation of the investment strategy. The validity
of the investment decision depends on an objective and comprehensive assessment. The basis of the
effectiveness evaluation of the investment project is a system of indicators that measures the effect of the
implementation of IP (Individual Proprietor) with its investment costs.

Investors face some difficulties in the analysis of investment projects. These projects are driven by
a system of specific factors that are fundamental.

These factors include: time, inflation, uncertainty, risk.

It should be noted that at present the theoretical approach to accounting for uncertainty and risk
has not yet been fully formed. Most research on risk management is limited to identifying and classifying
possible sources of risk. In the scientific literature there are different points of view on the topic of
assessing the effectiveness of the project in conditions of uncertainty. In particular, it is necessary to
single out significant works in this area published recently by the following scientists: Gatzert & Kosub
(2016), Escribano, Marin-Quemada, & San Martin Gonzalez (2013), Wing & Jin (2015), Burger,
Graeber, & Schindlmayr (2014), Kolios, Read, & loannou (2016), Lee & Zhong (2015), Kitzing (2014),
Thangavelu, Khambadkone, & Karimi (2015), Ji, Zhang, Huang, & Yin (2015), Spiecker & Weber
(2014), Aragonés-Beltran, Chaparro-Gonzalez, Pastor-Ferrando, & Pla-Rubio (2014), Onar & Kilavuz
(2015), Arnold & Yildiz (2015), Sengiil et al. (2015) and Pereira, Pinho, Galhardo, & Macédo (2014).

2. Problem Statement

In order to avoid problems in assessing the effectiveness of investment projects, it is necessary to
take into account the time-factor. It is necessary to pay attention to the following aspects:

= costs and results occur at different times;

= the emergence of time lags, such as the time gap between production and realization and
between the payment of resources and its consumption;

= changes in the time of organization performance indicators;

= the change over time in the prices of organization manufactured production and consumption of
resources;

= the influence of physical depreciation of the fixed assets. This is the reason for reduced
productivity and increasing costs;

= discrepancy between the volume of construction and installation works with the amount of
payment, in particular the need for advance payment of contractors;

= changes in time of the main economic indicators: key rate, tax rates and tax incentives.

The interaction between the investment process and the investment activity illustrated in Figure
01.
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Figure 01. Interaction of investment process and investment activity

3. Research Questions

Accounting for the difference in costs and results is an integral part of assessing the effectiveness
of an investment project, because over time, a financial resource has the ability to lose its value. There is
a process of impairment over time. The basis of accounting is the discounting of cash flows, expressed in
current and deflated prices, subject to the use of a single currency.

Discounting is the process of bringing different time values of cash flows to their value at a time
that is necessary for the investor based on its goals and objectives.

The discount norm (discount rate) is the main economic indicator used in discounting. There are
the following types of discount rates: commercial rate, rate for project participants, social rate, and budget
rate.

The commercial discount rate is used to assess the commercial efficiency of the project. It is based
on consideration of alternative capital efficiency.

Foreign practice in investment project management recommends using the weighted average cost
of capital as a commercial discount rate (weighted average cost of capital — WACC). It represents the
minimum rate of return that shareholders and creditors of the organization expect to receive from their
investments. It follows that the weighted average cost of capital should not exceed the profitability of the
investment project (Gizatullina, 2016).

Further, the weighted average cost of capital is dependent on two factors:

= the cost of resources;

= the structure of investment resources, that is, the share of each source of financing in their

entirety.

The discount rate of the project participants reflects the effectiveness of participation in the

investment project of organizations or other participants. The choice of this discount rate is up to the
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participants. If the participants have not formulated clear preferences, as a rule, a commercial norm is
used as a discount rate (Gizatullina, Gerasimova, & Korenkova, 2015).

Inflation is a decrease in the purchasing power of money, which is manifested in the growth of the
price level over time. Inflation significantly affects the efficiency of the investment project. First of all,
inflation can have an impact on the financial feasibility of the project, as well as on the need for financing
and efficiency of the use of equity.

Especially affected by inflation are investment projects, firstly, with a long investment cycle;
secondly, requiring significant debt financing; thirdly, implemented with the simultaneous use of several
currencies (Tarasova, 2015).

4. Purpose of the Study

Indicators of evaluation of economic efficiency of the investment project are the basis for making
an informed investment decision. It is obvious that each of the indicators has its own distinctive
advantages and disadvantages, which are also described in detail in the literature, so for making informed
investment decisions it is necessary to share these indicators, as they allow decision makers to assess the
effectiveness of the project from different sides. A common disadvantage of the above performance
indicators of investment projects is the requirement of certainty of the input data, which leads to
significantly biased point estimates of performance and risk of the project. The requirement of
deterministic input data is an unjustified simplification of reality, as any investment project is
characterized by a variety of uncertainty factors: the uncertainty of the source data, the uncertainty of the
environment, uncertainty associated with the direction, options and model of the project, the uncertainty
of the requirements for the effectiveness of the investment project. It is the uncertainties that determine
the risk of the project, that is, the risk of loss of resources, loss of income or additional costs. It is
necessary to predict in time the future state of a large number of uncertain parameters of market
conditions in the analysis of long-term investment projects, including on the basis of the above indicators,
so it is almost impossible to get an absolutely accurate forecast. The manifestation of uncertainty of
numerical parameters of the planned project is the key in forecasting the economic efficiency and risk
assessment of the investment project. Inherent uncertainty gives rise to equally fatal the risk of making
investment decisions. Therefore, when carrying out forecasts, it is necessary to take into account the
uncertainty factors that cause the risk for a certain performance indicator, so we inevitably face the
problem of formal presentation of uncertain forecast parameters that determine the investment project,
and carrying out appropriate calculations with it.

Thus, the presence of various types of uncertainties leads to the need to adapt the above indicators
of assessing the economic efficiency of the investment project through the use of mathematical methods

that allow formalizing and simultaneously handling different types of uncertainty.

5. Research Methods

Investors use the following indicators to assess the impact of inflation on the investment project:

= the basic price index;
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= the chain price index;

= the inflation rate.

The information base for the assessment is data collected on the basis of current information. It is
obvious that changes in the basic variables in the future will lead to changes in the expected efficiency of
the investment project. The focus on the average and the same for all costs price indices smoothes the
existing differences between them and reduces the quality of the justification of investment decisions.

For a reliable and complete assessment of the impact of inflation on the efficiency of the project it
is necessary to analyse and predict the price dynamics:

= on manufactured products in the domestic and global market;

= on fixed assets, raw materials, sales, wages, etc.;

= on the consumer basket.

In addition, the exchange rate of the national currency and domestic inflation, the ratio and interest
rates in the financial market are analysed and forecasted.

It is necessary to consistently perform certain actions in determining the current value of cash
flows, taking into account inflation. At first, adjust the individual elements of cash flows that are directly
dependent on inflation (sales, raw material costs, etc.). The adjustment should take into account the
corresponding inflation rates. Secondly, determine the amount of profit from sales and the calculation of
taxes and other mandatory payments. Thirdly, to estimate the nominal cash flows. In the fourth, calculate
the nominal discount rate. In the fifth, to discount cash flows at a nominal rate.

If the investment project is evaluated by one way, investors need to adjust the calculations for the
amount of risk. Method of correction of risk represents the adjustment of norms without the risk of the
discount taking into account risk premiums.

The amount of the amendment should take into account three types of risks:

= the country risk;

= the risk of unreliability of the project participants;

= the risk of non-receipt of the income provided by the project.

The need to take into account the country risk is due to the evaluation of the commercial efficiency
of the project, as well as the effectiveness of the participation of organizations in the project and the
effectiveness of investing in the shares of the organization.

The emergence of country risk is associated with changes in legislation, which can worsen the
financial performance of the investment project.

Country risk assessment is based on the ratings of the world countries by the level of investment
risk. Such a rating is published by the auditing companies (for example, “Fitch”, “Moody’s”), Association
of Swiss banks, specialized rating firm BERI (Germany).

The size of the adjustments for country risk may be reduced, provided that the investment project
of the Federal or regional support, as well as during implementation of the project on the terms of the
agreement on production section.

The risk of unreliability of the project participants is the possibility of unforeseen termination of
the investment project. The main reasons for the unexpected termination are:

= the misuse of investment project funds;
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= the financial instability of the organization;

= the insolvency, the negligence of other participants of the project.

The value of the premium for the risk of unreliability of the project participants is calculated by
each participant of the investment project on the basis of expert evaluation. At the same time, a significant
role is played by the elaboration of the project implementation mechanism.

The amount of the amendment for this type of risk may be reduced if property guarantees are
provided for the fulfilment of obligations between the project participants or increased if the project
participants do not have sufficient information about each other (for example, in the context of solvency
and reliability).

The risk of non-receipt of income provided for in the implementation of the investment project
arises primarily in connection with certain decisions of the project (technical, technological,
organizational) and as a result of fluctuations in market conditions (changes in production volumes and
prices for products and resources).

The risk adjustment shall be determined taking into account:

= the technical feasibility of the project:

= the degrees of elaboration of design solutions;

= the availability of scientific and experimental design reserve of research;

= the representativeness of marketing research.

The value of the risk premium is determined taking into account the goals of the investment
project and the specifics of the industry (Table 01).

Table 01. Estimated amount of adjustment for risk of non-receipt of income

Risk level Example project goal Amendments, %
Low level Development of production on the basis of 3-5
mastered technology
Average level Increase in sales of active products 8-10
High level Production and promotion of a new product 13-15
Highest level Investments in research and innovation 18-20

The amount of risk adjustment may decrease as a result of:

= the obtaining additional essential information concerning the indicators of feasibility and
efficiency within the developed investment project;

= the presence of representative marketing research, which confirms the moderately pessimistic
forecast of the accepted volumes of demand and prices, taking into account the existing seasonal
dynamics;

= the availability in the project documentation of the organization of production at the stage of its
development.

The Monte Carlo simulation is the most complex but also the most powerful method of risk
assessment and accounting when making an investment decision. Due to the fact that in the process of
implementation of this method is playing a sufficiently large number of options, it can be attributed to the
further development of the method of scenarios. The Monte Carlo method provides the most accurate and

reasonable probability estimates.
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Further, the article analyses the investment project by the Monte Carlo method.

We have an investment project that will be implemented within 10 years.

The price for which we will sell our products is not exactly known. The exact quantity of
production is unknown and the exact value of the variable cost of production is unknown. It will be
random variables.

However, the expert way we have defined a range, which will be based on these values.

For example, the price will not be lower than 25 million rubles and not higher than 55 million
rubles, the amount is not less than 11 and not more than 34 hectares, variable costs in the range of 57 to
297 rubles. The numbers can be quite different. The important thing is that we have an idea of the range
of their probable values.

It is the values in these ranges that we will model to assess the overall attractiveness of the project.

To generate random values, we will use the Microsoft Excel function RANDBETWEEN, with the
lower and upper range as arguments.

The resulting values will be used to calculate cash flows and net present value of the project
(NPV).

A sufficiently large number of variants (experiments) are generated and all of them are processed
by methods of statistical analysis. In our case, we use 5,000 experiments.

Next, specify the constant parameters of the project, and form a table of 5000 rows.

In each line we have a random value of output, variable cost and sales price. Also, for each line on
the basis of these data are calculated such indicators as revenue, profit (minus fixed costs and tax), cash
flow and net present value of the project for 10 years, taking into account the specified discount rate.

Initial data for the research of the effectiveness of the investment project by the Monte Carlo

method are presented in Table 02 and Table 03.

Table 02. Key parameters of the project (variable parameters)

Indicators Minimum Maximum
Sales volume, ha 11 34

Unit price, million rubles 25 50
Variable costs, million rubles 57 297

Table 03. The constant parameters of the project

Indicators The most probable indications
Fixed costs, million rubles 23

Depreciation, million rubles 215

Profit tax 20%

Discount rate 17%

Project period, years 10

Initial investment, million rubles 5169

The results of the analysis are presented in Table 04.

573



https://dx.doi.org/

https://dx.doi.org/10.15405/epshs.2019.03.56

Corresponding Author: T.M. Tarasova

Selection and peer-review under responsibility of the Organizing Committee of the conference
elSSN: 2357-1330

Table 04. The results of the analysis by Monte Carlo method (equal probability distribution)

Indicators Variable Amount Price Incoming NPV
costs
Minimum, million rubles 57 11 25 -8 988 -47 548
Maximum, million rubles 297 34 50 66 -4 858
Average, million rubles 178 22 37 -2 937 -19 018
Standard deviation 68,89 6,89 7,49 1 863,46 8 786,37
Variation coefficient 38,7% 30,8% 20,0% -63,4% -46,2%
Quantity of cases NPV<0 5000
Quantity of cases NPV>0 0
Loss amount, million rubles -95 089 766
Income amount, million rubles 0

Thus, as a result of the research, it can be concluded that the project is highly risky.

Further, using the standard distribution, we estimate the probability of obtaining a particular NPV
value. For example, a break-even project has NPV > 0.

By setting the value of X (this is our NPV) to zero, we get the probability of a loss of 98%.

To determine the probability, use the NORM.S.DIST function, which has the following syntax:

=NORM.S.DIST(z, integral)

Z - the value for which the distribution is built.

An integral is a logic value that defines the form of a function. If the integral argument is TRUE,
the NORM.S.DIST function returns the integral distribution function; if the argument is FALSE, the
weight distribution function is returned.

To determine the value of Z we use the NORMALIZATION function, which has the following
syntax:

= NORMALIZATION (x, average, STDEVA)

X - normalized value. In our case, it is NPV.

Average - arithmetic mean of distribution.

STDEVA - standard deviation of the distribution.

However, despite the obvious attractiveness and advantages of the Monte Carlo method from a
theoretical point of view, this method encounters serious obstacles in practical application due to the
following main reasons:

High sensitivity of the result obtained by the Monte Carlo method to the laws of probability
distribution and the types of dependencies of the input variables of the investment project;

Despite the fact that modern software allows to take into account the laws of probability
distribution and the correlation of dozens of input variables, meanwhile, to assess their reliability in
practical research is usually not possible, because, in most cases, analysts measure variations of the main
variables of the macro- and microenvironment, select laws of probability distribution and statistical

relationships between variables are subjective, since obtaining qualitative statistical information is not
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possible for various reasons (temporary, financial, etc.), especially for unique investment projects in the
real sector.

The using the theory of fuzzy sets allows you to determine the permissible parameters of
interrelated changes, pre-establishing verified rules for the formation of judgments about the integrated
assessment of financial changes. An objective assessment is formed without interrupting non-financial
information about the expansion of the sales market, the use of new key competencies, the emergence of
emerging competitive advantages - the growing strategic development potential, and with a digital display
of the interval values of the membership function representing the degree of completeness of
organizational and technical measures that determine the growth of strategic potential, after the full
implementation of development processes.

The effectiveness of decision making in information-analytical systems directly depends on the
optimization power and adaptability to the decision-making conditions of the mathematical apparatus
implemented here. Consider the scheme of formation of a mathematical model when making decisions.
To do this, we define the main components of the decision-making model. Make the object of
management or evaluation as a complex dynamically developing system. (CDDS) Got with a set of
properties {Qoic} and relationships {Rqjt, }, environment of functioning or vital activity of an object CDDS
Get with a set of properties {Q.it} and relationships {Reit,}, as well as a management system or decision
maker, CDDS Gat with a set of properties {Qait} and relationships {Ruajt}.

Index t determines the time for the model CDDS. Indices i, j in reality tend to infinity, and in the
corresponding models Gotm, GemuGam they are limited to values lq, let, lat, Which at any given time t=tk
determine the degree of completeness and adequacy of the models. The object of assessment or
management can be understood as natural (abiotic and biotic) and anthropogenic (man-made, socio-
economic objects and processes), under the environment of functioning, habitat or vital activity natural or
man-made (production, social, landscape and other environments), under the control system (or
management, management system) - technical, socio-political, natural environment or decision makers.

The control object is generally CDDS and can be active or passive with respect to the environment
and the control system (CS). Thus, in complex problems, an adequate detailed mathematical model of the
control object (CO) cannot be determined.

However, for practical problems, you can set the level of detail that allows you to create, within
the specific constraints, requirements and criteria set, quasi-adequate mathematical models of CS,
environment, and CO that are stable within the listed components of the decision-making process. At the
same time, it is necessary to determine the metrological characteristics of models and solutions that
establish the degree of adequacy, completeness and reliability of the models.

Under the conditions of the above uncertainty, the regularizing Bayesian approach (RBA) can
serve as a methodological basis for creating CDDS models. Its advantages lie in its ability to provide
stable estimates and models in small sample conditions, different types of information, significant
inaccuracy of data and lack of clarity of knowledge about CO, CS and the environment. As a rule, in
problems of mathematical modeling of complex systems of a priori knowledge is not enough, and the

available experimental information and data are attracted.
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The regularizing properties of RBA are provided by the introduction of a mathematical apparatus
for creating, transforming and transmitting scales with dynamic constraints (SDC), where the acquisition,
storage, transformation, transfer and interpretation of data and knowledge necessary for the formation of
CS, CO and environment models takes place. Moreover, with each new piece of information there is a
transformation and integration of it on the corresponding SDC, and the models are refined. Thus, as a
result of such transformations on SDC, state assessments, decisions on compliance with criteria, model
representations of processes and situations, conclusions, recommendations, tables and risk maps can be
obtained as solutions.

The practical value of the Bayes theorem is to create Bayesian networks that allow, in graphic
interpretation, to represent the probability distribution of features that have a causal relationship. It
allowed to change the presentation and approaches to the assessment of expert opinions and statistical
modeling.

To solve any problem of managing a complex object, to which, of course, the investment project
under consideration also needs to clearly define the stages for obtaining a solution. A conceptual model

for obtaining a solution based on BIT can be written as a formula:

Q=Q:*Q2*Q3s*Qs*Qs* Q™ Q7* Q8™ Qo™ Q0™ Qu. 1)

Q - complex problem solution, Q1 - definition of goals, restrictions, requirements for solving the problem,
Q3 - creation of a conceptual model of an object with dynamic constraints (MDC), Qs - choice of balanced
scorecard, Q4 - determination of measurable indicators, Qs - building scales with dynamic constraints
(SDC), Qg -inventory of initial information, Q- - determination of dynamics and dynamic models, trends
and trends in the development of situations and business processes at the facility and its environment, Qs -
business process risk assessment, Qg - interpretation of the situation, Q1o - generation of recommendations
for improving business processes, Q11 - verification of the effectiveness.

In real conditions, the specificity of the tasks of monitoring, auditing, making management
decisions for complex objects is the lack of sufficiently complete, reliable data. Firstly, the information
stored in electronic form, as a rule, has a statistical or experimental (measuring and / or expert) form,
characterized by inaccuracy, vagueness and incompleteness, which determines the conditions of
uncertainty and risk when choosing a rational decision. Secondly, uncertainty is also created due to the
actions of subjects in the field of activity of the enterprise (suppliers, partners, competitors, banks, trade
organizations, etc.), the purposeful impact of which on the situation cannot be predetermined. The first
type of uncertainty can be considered fundamental and objective, the second - fundamental for the areas
of active human activity and subjective. Thus, the problem of decision-making in a multi-criteria
environment arises in conditions of risk and uncertainty.

When we are making appraisal and managerial decisions, a toolkit is needed that allows, on the
basis of a formed request, to find the most complete, objective and reliable decisions in a reasonable time
interval. The using of the BIT, designed to work in conditions of considerable uncertainty, allows solving
the above problems. The BIT methodology is used in the object management concept as a basis for the

generation of management decisions and technologies for their implementation. In this case, the tool with
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which it is possible to work with data of this nature becomes the software complex “Infoanalitik”. The

content of the software package is presented schematically in Figure 02.

Figure 02. Software package «Infoanalitik» (info Analytics)

The concept of MDC and SDC Bayesian smart measurements is the key to the system
«Infoanalitik». Scales with dynamic constraints are measurement scales, the frames of which can be
different in terms of elements, values, estimates, and forms. They suggest the existence of alternative
estimates with varying degrees of probability and are characterized by the variability of their
characteristics, such as range, number of benchmarks, norms, controls.

To build MDC, controlled and measured properties of the object and the environment, as well as
the relationship between them, are determined. The a priori uncertainty of the initial information can be
considered as a measuring situation of recovering measured characteristics from incomplete information.
The tasks of modeling an object from incomplete source information can be presented as incorrect inverse
problems of restoring the model dependence (causes) from experimental data (consequences), and the
solutions obtained are unstable. To ensure a sustainable solution, such problems require the use of
regularizing schemes. Regularization is provided by replacing the likelihood function by the hypothesis
distribution function and by introducing the mathematical apparatus for creating, transforming and
transmitting scales with dynamic constraints on which the data is received, stored, transformed,
transmitted and interpreted to form models.

Thus, the main idea of the regularizing approach is to use a scaling that metrising the solution

space.

6. Findings

However, despite the obvious attractiveness and advantages of the Monte Carlo method from a
theoretical point of view, this method encounters serious obstacles in practical application due to the

following main reasons:
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High sensitivity of the result obtained by the Monte Carlo method to the laws of probability
distribution and the types of dependencies of the input variables of the investment project;

Despite the fact that modern software allows to take into account the laws of probability
distribution and correlations of dozens of input variables, meanwhile, it is usually not possible to evaluate
their reliability in practical research, since, in most cases, analysts measure variations of the main
variables of the macro and micro environment the laws of probability distribution and statistical
relationships between variables are subjective, since obtaining high-quality statistical information is not
possible by amym various reasons (time, financial, etc.), especially for unique investment projects in the
real sector of the economy;

Thus, the using of Bayesian intellectual technologies for the analysis of the investment project
efficiency allows to consider the investment project in detail from all possible sides in conditions of
considerable uncertainty. Also, the using of Bayesian intelligent technologies allows to estimate the
probability of occurrence of any action in the project, to show the dispersion of the obtained values.
Further it contributes to a more informed and deliberate investment decision. Evaluation of the investment
project by this method is possible in the presence of a certain software package «Infoanalitik» (info

Analytics).

7. Conclusion

The accuracy of the resulting by Monte Carlo estimates depends on the quality of the input
assumptions and the relationships of the input variables. It can lead to significant errors in the results (for
example, revaluation or underestimation of the risk of the investment project), and, consequently, it will
lead to an erroneous investment decision.

The using of Bayesian intellectual technologies for the analysis of the investment project
efficiency allows considering the investment project in detail from all possible sides in the conditions of
considerable uncertainty. Also, the using of Bayesian intelligent technologies allows estimating the
probability of occurrence of any action in the project, to show the range of values obtained. Further, it
contributes to a more informed and deliberates investment decision.
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