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Abstract
The article proposes an economic-mathematical model for determining a comprehensive risk assessment
of the investment project of the enterprise which are based on the approaches of A. Nedosekin. The
model is built using fuzzy logic and takes into account the probability of occurrence of each of the
identified risks and the level of impact of each of them on the project. The probability of risk is set
by experts in the form of points and converted into linguistic terms, and the level of influence of each
of them on the project – the ratio of benefits and is determined using Fishburne scales. The proposed
Project Risk Model consists of the following stages: formation of initial data using expert opinions;
construction of a hierarchical project risk tree; determination of weight coefficients (Fishburne weights)
of project risks; selection and description of membership function and linguistic variables; conversion of
input data provided by experts from a score scale into linguistic terms; recognition of qualitative input
data on a linguistic scale; determination of a complex indicator of investment project risks; interpretation
of a complex indicator. The developed model allows managing the risks of the project to maximize the
probability of its successful implementation, to compare alternative projects and choose less risky, to
minimize the level of unforeseen costs of the project.
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1. Introduction

1.1. Problem description

The following subsystems are distinguished in the project management system: time manage-
ment [1], labor resources, cost, information and communications, quality, project risks, etc.
Project risk management is one of the most important subsystems of project management
because it allows at the planning stage of the project to identify problematic issues for its suc-
cessful implementation. The comprehensive risk assessment of the project allows you to take
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into account the most significant risks for the project and quantify them to make an effectively-
informed management decision. Quite often when assessing the risks of enterprise projects,
the information is non-numerical, it is necessary to take into account both quantitative and
qualitative information in one system and the formation of a single quantitative comprehensive
indicator. To form a comprehensive risk assessment of the project, it is advisable to use fuzzy
logic and obtain a comprehensive numerical risk assessment of the project.

If we consider the methods of risk identification, there will be many approaches only to the
classification of risks. According to the common in foreign countries approach Construction Risk
Management System (CRMS), proposed by American analysts, the process of risk identification
consists of six stages: detection of uncertainties; compiling a preliminary checklist; consequence
scenarios; a reflection of risks; systematic list of risks; total risk. Therefore, determining the
total risk (complex value of project risks) is an urgent task. Besides, a comprehensive assessment
should take into account both the probability of a risk event and the level of its impact on project
implementation (weights). The obtained comprehensive assessment will determine whether it
is appropriate to implement the project, what risks are most likely, and the level of impact on
the successful implementation of the project, reduce the cost of the project, as well as make an
effectively-informed management decision [2].

1.2. Literature review

Peskova et al. [3] identifies the need for effective methods of risk management in enterprises in
modern conditions because the profitability of the enterprise largely depends on the level of
risk. Also, risk allows you to assess the internal reserves of the enterprise and the level of risk
depends on the feasibility of a particular financial and economic transaction. Risk management
makes it possible to establish forecast quantitative estimates of economic performance of the
enterprise.

Waszkiewicz and Grzeszczyk [4] states that in modern conditions it is necessary to use not
only general methods of evaluation of investment projects. The use of various methods of
evaluation of investment projects in one system will allow to make an informed management
decision on the feasibility of their further implementation and ensure their flexibility.

Shchur et al. [5] specifies that an investment project is a set of measures, works, and docu-
ments, the financial result of which is profit (income). The material result of the investment
project is new or reconstructed fixed assets (objects). The project may also result in the acquisi-
tion and use of financial instruments, intangible assets followed by income or social impact.
An investment project is an activity that involves the implementation of any action to achieve
specific goals.

Bogomolova [6] emphasizes that risk management requires a systematic assessment of the
severity of risks affecting the project. The article notes the need to use different qualitative and
quantitative methods of risk assessment of investment projects and their distinctive features,
advantages, and disadvantages. The necessity of choosing the most expedient method of risk
assessment for a specific project is determined.

Zhang and Yang [7] assesses the risks to real estate with the construction of a fuzzy math-
ematical model. The authors emphasize the need to use several methods of quantitative risk
assessment due to a certain subjectivity of the developed model.
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Voronov et al. [8] considers the CAPM model for emerging capital markets and the DCF
method, which allows assessing the attractiveness of both the business in general and the
investment project of the enterprise in particular. The application of risk assessment methods
to an investment project helps to assess its feasibility, the period when it will start to make a
profit, and its level in the future.

Nizamova et al. [9] offered to use a method of expert estimations for estimation of risks of
the investment project. This approach allows you to quantify the risks of the project, rank them
and obtain a comprehensive indicator of risk assessment of the investment project.

Galevskiy [10] proposes a methodology that modifies the capital pricing model (CAPM)
using the discounted cash flow method. This approach allows you to assess the effectiveness of
investment projects, risks, and management based on the information obtained.

Bayguzina et al. [11] analyzes the investment project for the construction of a greenhouse
complex for growing vegetables. To achieve the planned key economic indicators of the project,
it is necessary to reduce the negative impact of risk factors. Since the project did not provide
for the analysis of project risks, namely there was no system of identified risks, qualitative and
quantitative risk assessment, sensitivity analysis, break-even point, etc., the authors note the
need for project risk management, namely mandatory funding conditions for project analysis
risks.

Griffis and Whipple [12] proposes a mechanism for assessing and prioritizing risks. This will
allow managers to make informed management decisions regarding risk prevention and speed
up the recovery time from real risks.

Vitlinskyi and Glushchevsky [13] offered to consider risk in system stratification metamodel-
ing system. The authors propose to increase the investment attractiveness, profitability, and
competitiveness of the enterprise by reducing various types of costs by implementing a BPM-
system based on the proposed stratification metamodeling system. A mandatory component of
this system is a subsystem that takes into account the risk.

Efimova and Koroleva [14] presents a model for assessing the risks of investment projects
using Bayesian networks. The application of this approach is explained by the presence of
different types of uncertainty and the need to formalize and process information taking into
account uncertainty.

Chong [15] examines international risks and their impact on the implementation of the
investment project. The authors compare the traditional NPV model and the NPV model taking
into account the weight of entropy as a risk assessment of the investment project. The second
model showed the best results and is offered as a basis for decision making.

Yang et al. [16] uses a comprehensive assessment based on fuzzy logic to assess the security
risk of an energy investment project. The model includes the definition of the factor character-
istics of the object of evaluation, the establishment of a set of estimates, the establishment of a
relationship matrix, the calculation of the weight of the index, fuzzy complex assessment. The
practical implementation of the model demonstrated a risk value of 3.1154 (average risk).

Three models were developed by Mousalami [17] to accurately predict the quality of project
planning, based on both deterministic and fuzzy concepts, and the results show that the fuzzy
model is more accurate and realistic than the deterministic one. Thus, the correct use of fuzzy
theory will develop more accurate, realistic, and reliable models than deterministic ones.

Despite the significant achievements of scientists in the direction of risk assessment of
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investment projects of the enterprise, the further study requires a comprehensive assessment of
investment risks using economic and mathematical modeling, namely fuzzy logic. After all, it is
necessary to take into account both the probability of occurrence of each of the risks and their
weights, the ability to take into account both qualitative and quantitative information in one
system, comparing several alternative projects. This is necessary to manage the investment
risks of the project, minimize unplanned costs and increase the level of competitiveness of
the enterprise. In this regard, it is proposed to conduct a comprehensive risk assessment of
the investment project using fuzzy set theory according to the methodology of determining a
comprehensive assessment of the risk of bankruptcy of the enterprise Nedosekin [18], which is
adapted to determine a comprehensive risk assessment of the investment project.

Fuzzy logic and fuzzy set theory have received a wide range of successful practical applications
in various spheres of life. For example, Hryhoruk et al. [19] proposed to choose a solution in
the presence of a large number of efficiency criteria based on fuzzy preference relations. This
approach allows you to form a set of alternatives based on selected performance criteria, choose
the best and make an effective management decision.

In the paper [20], economic and mathematical models for diagnosing the bankruptcy of the
enterprise using the methods of fuzzy logic and developed a comprehensive analysis of the
financial condition of the enterprise. Also, the application of fuzzy logic in the financial sector
is presented by Diaz et al. [21].

Special attention in today’s conditions deserves research, which reflects the use of fuzzy logic
to stabilize the epidemiological situation with COVID-19 [22].

1.3. The aim and objectives of the research

The study aims to develop an economic-mathematical model for determining a comprehensive
risk assessment of an investment project based on fuzzy logic, taking into account the probability
of each of the identified risks and the level of impact of each of them on the project.

To achieve this goal the following tasks were solved:

1) set the task and develop a descriptive model for determining a comprehensive risk assessment
of the project;

2) to build amathematical model of the problem of determining a comprehensive risk assessment
of the project and to develop an algorithm for its solution;

3) generate input data using the opinions of experts;
4) build a hierarchical project risk tree;
5) determine the weights (Fishburn weights) of project risks;
6) select and describe membership functions and linguistic variables;
7) convert the initial data provided by experts from a score scale into linguistic terms;
8) to recognize qualitative input data on a linguistic scale;
9) determine a comprehensive risk indicator of the investment project;

10) to analyze the obtained complex indicator.

2. Research methodology

The proposed model can be implemented with the following input data:
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• a set of expert assessments of the probability of project risks;
• hierarchy of existing project risks (a hierarchical tree of logical conclusion);
• system of relations of advantages of some risks over others (for one level of hierarchy).

The initial data of the model are:

• comprehensive quantitative risk assessment of the project;
• interpretation of the obtained complex project risk indicator.

The model involves the use of elements of fuzzy logic (logical inference tree, membership
function, linguistic terms). Expert knowledge and the Fishburn method of scales were also used
to determine the project risk weights.

Problem statement and development of a descriptive model for determining a comprehensive
risk assessment of the project.

The task of determining a comprehensive risk assessment of the project within this study is
implemented by a construction company, which assesses the risks of a new investment project
for the construction of a residential complex. The experts identified the following types of risk,
which are typical for the project of residential complex construction, and their components that
affect the results of the project and selected for the formation of a comprehensive assessment
(𝑅0):

1. Technical 𝑅1 (risks of reassessment of project sustainability 𝑅1.1; risks associated with
the reassessment of additional opportunities for project development 𝑅1.2).

2. External 𝑅2 (risks of incorrect assessment of demand for the project 𝑅2.1; risks associated
with the nature of competition in the market 𝑅2.2; risks associated with the solvency of
the customer 𝑅2.3; risks of the uncertainty of the external environment of the project
𝑅2.4).

3. Organizational 𝑅3 (risks for estimating the costs of project commercialization 𝑅3.1; risks
of potential losses from project implementation 𝑅3.2; risks of underestimation of project
development costs 𝑅3.3; risks of the uncertainty of the internal project environment 𝑅3.4).

Each of the risks has its probability of occurrence and level of impact on the successful
implementation of the project.

It is necessary to determine a comprehensive indicator of the risk level of the project to make
a management decision on the feasibility of this investment project and the necessary actions to
increase the probability of successful project implementation, taking into account existing risks.

Mathematical model of the problem of determining a comprehensive risk assessment of the
project and the algorithm for its solution.

In this situation, for a comprehensive assessment of project risks, it is advisable to consider
the PRM model (Project Risk Model):

𝑃𝑅𝑀 =< 𝐹, 𝐴, 𝑅 >, (1)

where 𝐹 – the hierarchy of existing project risks (a hierarchical tree of logical conclusion);
𝐴 – a set of qualitative assessments of each factor in the hierarchy (linguistic terms);
𝑅 – a system of relations of advantages of some risks over others (for one level of hierarchy).
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In this case:
𝐴 = ((𝐿), (𝐿𝑀), (𝑀), (𝐻𝑀), (𝐻)), (2)

where 𝐿 - Low, 𝐿𝑀 – LowMedium, 𝑀 – Medium, 𝐻𝑀 – HighMedium, 𝐻 – High.

𝑅 = 𝑅𝑖(𝑟)𝑅𝑗|𝑟 ∈ (≻, ≈), (3)

where ≻ – the ratio of preference;
where ≈ – equilibrium ratio.
The proposed model consists of the following stages:
Stage 1. Formation of initial data with the use of expert opinions.
Experts estimate the probability of risks using a scale from 0 to 100 points. For each indicator,

points are added and the average is determined 𝐶𝑖:

𝐶𝑖 =

𝑛
∑
𝑖=1

𝐶𝑖𝑗

𝑁
, (4)

where 𝑁 – the number of interviewed experts;
𝐶𝑖𝑗 – the sum of points for each indicator.
Next, the concordance coefficient is determined by the formula:

𝑊 =
𝜎2𝑓
𝜎2𝑚𝑎𝑥

=

𝑚
∑
𝑖=1

(𝑎𝑖 −
1
2
𝑛 ⋅ (𝑚 + 1))

2

1
12

𝑛2 ⋅ 𝑚 ⋅ (𝑚2 − 1)
, (5)

where 𝜎2𝑓 – the actual variance (SD) of the final (ordered, ranked) estimates provided by experts;
𝜎2𝑚𝑎𝑥 – dispersion of final (ordered) assessments, provided that the opinions of experts com-

pletely coincide;
𝑎𝑖 – the total estimate obtained by the 𝑖-th object;
𝑚 – the number of studied objects;
𝑛 – the number of experts.
The materiality of the concordance coefficient is checked using 𝜒2 with (𝑚 − 1) the number

of degrees of freedom. Statistical characteristics are calculated by the formula:

𝜒2 = 𝑊 ⋅ 𝑛(𝑚 − 1), (6)

Stage 2. Construction of a hierarchical risk tree of the project using the system of relations
of advantages.

Stage 3. Determination of weights (Fishburne weights). For a system of declining benefits 𝑁
alternatives:

𝑝𝑖 =
2(𝑁 − 𝑖 + 1)
(𝑁 + 1)𝑁

, 𝑖 = 1..𝑁 . (7)

A system of equivalent 𝑁 alternatives – a set of identical weights:

𝑝𝑖 = 𝑁−1, 𝑖 = 1..𝑁 . (8)
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Stage 4. Selection and description of membership function and linguistic variables. Selected
triangular membership function:

𝜇(𝑥) =

⎧
⎪

⎨
⎪
⎩

0, 𝑥 ≤ 𝑎
𝑥 − 𝑎
𝑏 − 𝑎

, 𝑎 ≤ 𝑥 ≤ 𝑏
𝑐 − 𝑥
𝑐 − 𝑏

, 𝑏 ≤ 𝑥 ≤ 𝑐
0, 𝑐 ≤ 𝑥

, (9)

where 𝜇(𝑥) – the membership function of linguistic terms (0 – does not belong, 1 – belongs to
all 100%);
𝑎, 𝑏, 𝑐 are some numerical parameters that take arbitrary actual values and are ordered by the

relation 𝑎 ≤ 𝑏 ≤ 𝑐. Parameters 𝑎 and 𝑐 characterize the base of the triangle, and parameter 𝑏 is
its vertex.

Stage 5. Transformation of the initial data provided by experts on the probability of occurrence
of each of the risks, from a score scale to linguistic terms. The obtained average scores of the
probability of occurrence of each of the risks are translated into linguistic terms according to
the selected membership function.

Stage 6. Recognition of qualitative input data on a linguistic scale:

𝑍∗(𝑎) = (𝜇∗1 (𝑎), 𝜇∗2 (𝑎), 𝜇∗3 (𝑎), 𝜇∗4 (𝑎), 𝜇∗5 (𝑎)), (10)

where 𝑎 – the value of the factor to be recognized;
𝜇∗𝑖 (𝑎) is membership function with linguistic terms 𝑖;
𝜇∗𝑖 (𝑎) is determined by the formula (9).
Stage 7. Determination of a complex indicator.
First, you need to convert all vectors 𝑍∗(𝑥∗) in the hierarchy 𝐹 with weight 𝑃 according to

the formula:
𝑁

∑
𝑖=0

𝑝𝑖 ⋅ (𝜇𝑖.1, 𝜇𝑖.2, 𝜇𝑖.3, 𝜇𝑖.4, 𝜇𝑖.5) = (
𝑁

∑
𝑖=1

𝑝𝑖 ⋅ 𝜇𝑖.1,
𝑁

∑
𝑖=1

𝑝𝑖 ⋅ 𝜇𝑖.2,
𝑁

∑
𝑖=1

𝑝𝑖 ⋅ 𝜇𝑖.3
𝑁

∑
𝑖=1

𝑝𝑖 ⋅ 𝜇𝑖.4,
𝑁

∑
𝑖=1

𝑝𝑖 ⋅ 𝜇𝑖.5) (11)

where 𝑖 – possible options for determining the membership function for each linguistic term.
Next, the vector can be determined, which will characterize the complex risk assessment of

the project (taking into account the selected triangular membership function):

𝐴_𝑁 =
5
∑
𝑖=1

(0.25𝑖 − 0.25) ⋅ 𝜇0𝑖, (12)

where (0.25𝑖−0,25) = (0; 0.25; 0.5; 0.75; 1) – nodal points of the triangular membership function,
in which it is equal to 1 on a scale from 0 to 1 (nodal points at which the membership function
refers to a certain linguistic term for 100 %) according to the formula (14 – 18) and figure 2.

Stage 8. Interpretation of the obtained complex indicator.

3. Results and discussion

Consider the implementation of the model according to the problem.
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Table 1
Expert assessment of the probability of occurrence of each of the risks of the project in points

Risk Ex1 Ex2 Ex3 Ex4 Ex5 Ex6 Ex7 Ex8 Ex9 Ex10 Values sum Average value

𝑅1.1 40 45 55 60 50 60 40 55 45 60 510 51.0
𝑅1.2 60 65 75 70 80 70 75 65 55 60 675 67.5
𝑅2.1 15 20 20 30 30 35 40 45 45 35 315 31.5
𝑅2.2 60 80 75 65 85 100 85 90 95 100 835 83.5
𝑅2.3 10 15 15 25 40 35 30 45 25 15 255 25.5
𝑅2.4 60 45 55 50 60 40 40 55 60 70 535 53.5
𝑅3.1 70 80 90 60 55 85 70 65 60 80 715 71.5
𝑅3.2 55 60 60 45 80 65 45 75 80 85 650 65.0
𝑅3.3 25 15 15 10 20 30 35 15 40 40 245 24.5
𝑅3.4 95 90 100 70 80 65 55 85 90 100 830 83.0

Stage 1. Formation of initial data with the use of expert opinions.
Table 1 provides information provided by experts regarding the assessment of the probability

of occurrence of each of the selected risks of the project on a scale from 0 to 100 points
(ascending).

The concordance coefficient according to formula (5) is 0.7048, which indicates that the
opinions of experts are consistent.

Checking the materiality of the concordance coefficient according to the formula (6) 𝜒2 =
63.44.

The data in table (𝜒2) for (10-1) degrees of freedom and confidence probability (= 0.95, = 0.99,
= 0.999) show that the calculated value of the Pearson criterion 𝜒2 is greater than the tabular
(respectively 16.92; 21.67, and 27.88), which confirms the conclusion that experts agree.

Stage 2. Construction of a hierarchical tree of risks of the project using the system of relations
of advantages.

The experts provided the following information on the risk-benefit ratios (figure 1).

Figure 1: Hierarchical risk tree of the project with the indication of the system of relations of advantages.

Figure 1 corresponds to the system of relations 𝑅 (formula 13).

𝑅 = (𝑅1 ≈ 𝑅2 ≻ 𝑅3; 𝑅1.1 ≈ 𝑅1.2; 𝑅2.1 ≈ 𝑅2.2 ≻ 𝑅2.3 ≈ 𝑅2.4; 𝑅3.1 ≻ 𝑅3.2 ≻ 𝑅3.3 ≈ 𝑅3.4 (13)
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The obtained system of preference ratios can be used to determine the risk weights of
Fishburne weights.

Stage 3. Determination of weights (Fishburne weights)
According to formulas (7) and (8), as well as the system of preference relations (figure 1)

formed a system of Fisher scales (table 2).

Table 2
Fishburne system of scales

№ 𝑅 𝑝1 𝑝2 𝑝3 𝑝4
2 𝑅1.1 ≈ 𝑅1.2 1/2 1/2 - -
3 𝑅1 ≈ 𝑅2 ≻ 𝑅3 2/5 2/5 1/5 -
4 𝑅2.1 ≈ 𝑅2.2 ≻ 𝑅2.3 ≈ 𝑅2.4 2/6 2/6 1/6 1/6
4 𝑅3.1 ≻ 𝑅3.2 ≻ 𝑅3.3 ≈ 𝑅3.4 3/7 2/7 1/7 1/7

After convolving the weights of different levels of the hierarchy, the following generalized
weights (level of influence) were obtained: 𝑅1.1 = 0.2000; 𝑅1.2 = 0.2000; 𝑅2.1 = 0.1333; 𝑅2.2 =
0.1333; 𝑅2.3 = 0.0667; 𝑅2.4 = 0.0667; 𝑅3.1 = 0.0857; 𝑅3.2 = 0.0571; 𝑅3.3 = 0.0286; 𝑅3.4 = 0.0286.

The highest weights are in risks 𝑅1.1 , 𝑅1.2, the lowest in 𝑅3.3, 𝑅3.4.
Stage 4. Selection and description of membership function and linguistic variables
The linguistic variable “Risk Level” was formed with a term set of values of A (formula 2).

The triangular membership function (figure 2) with the following linguistic terms was chosen
as membership functions: Low (L), Low Medium (LM), Medium (M), High Medium (HM), High
(H), distributed on a scale from 0 to 100 points.

The following system of equations corresponds to this membership function with linguistic
terms:

𝐿 ∶ 𝜇1(𝑥) = {
25 − 𝑥
25

, 0 ≤ 𝑥 ≤ 25

0, 25 ≤ 𝑥
. (14)

𝐿𝑀 ∶ 𝜇2(𝑥) =
⎧⎪
⎨
⎪
⎩

𝑥
25

, 0 ≤ 𝑥 ≤ 25

50 − 𝑥
25

, 25 ≤ 𝑥 ≤ 50

0, 50 ≤ 𝑥

. (15)

𝑀 ∶ 𝜇3(𝑥) =

⎧
⎪
⎪

⎨
⎪
⎪
⎩

0, 𝑥 ≤ 25

𝑥 − 25
25

, 25 ≤ 𝑥 ≤ 50

75 − 𝑥
25

, 50 ≤ 𝑥 ≤ 75

0, 75 ≤ 𝑥

. (16)
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Figure 2: Triangular membership functions with linguistic terms Low (L), Low Medium (LM), Medium
(M), High Medium (HM), High (H).

𝐻𝑀 ∶ 𝜇4(𝑥) =

⎧
⎪

⎨
⎪
⎩

0, 𝑥 ≤ 50

𝑥 − 50
25

, 50 ≤ 𝑥 ≤ 75

100 − 𝑥
25

, 75 ≤ 𝑥 ≤ 100

. (17)

𝐻 ∶ 𝜇5(𝑥) = {
0, 𝑥 ≤ 75

𝑥 − 75
25

, 75 ≤ 𝑥 ≤ 100
. (18)

Formulas (14-18) are based on formula 9 and figure 2.
Stage 5. Transformation of the initial data provided by experts on the probability of occurrence

of each of the risks, from the score scale to the linguistic terms.
The scores of the probability of occurrence of each of the risks from table 1 are translated

into linguistic terms (according to figure 2): Low (L), Low Medium (LM), Medium (M), High
Medium (HM), High (H) (table 3).

According to the table, it can be seen that among the risks are risks, both with a low probability
of occurrence and with a very high probability. The indication of two linguistic terms for risk
indicates that the obtained average scores of experts are on the border of two terms.

Stage 6. Recognition of qualitative input data on a linguistic scale
According to formulas (14-18) the input data was recognized according to the linguistic scale

(table 4).
In the table, the cells corresponding to the values of linguistic variables obtained using risk
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Table 3
Risks and their levels in linguistic terms

Risk
number

Risk des-
ignation

Name of risk Risk level (probability
of occurrence)

1 𝑅1.1 Risks of reassessment of project sustainability Medium, HighMedium
2 𝑅1.2 Risks associated with the reassessment of additional

project development opportunities
Medium, HighMedium

3 𝑅2.1 Risks of incorrect assessment of demand for the project Low Medium, Medium
4 𝑅2.2 Risks associated with the nature of competition in the

market
High Medium, High

5 𝑅2.3 Risks associated with the solvency of the customer Low Medium, Medium
6 𝑅2.4 Risks of the uncertainty of the external environment of

the project
Medium, HighMedium

7 𝑅3.1 Risks for estimating the costs of project commercializa-
tion

Medium, HighMedium

8 𝑅3.2 Risks of potential losses from project implementation Medium, HighMedium
9 𝑅3.3 Risks of underestimation of project development costs Low, Low Medium
10 𝑅3.4 Risks of the uncertainty of the internal environment of

the project
High Medium, High

Table 4
Matrix of the actual distribution of values by fuzzy sets

Risk
Weights
(level of 𝑥

Membership functions 𝜇

influence) Low (𝜇1(𝑥))Low Medium (𝜇2(𝑥))Medium (𝜇3(𝑥))High Medium (𝜇4(𝑥))High (𝜇5(𝑥))

𝑅1.1 0.2000 5.01 0 0 0.96 0.04 0
𝑅1.2 0.2000 67.5 0 0 0.30 0.70 0
𝑅2.1 0.1333 31.5 0 0.74 0.36 0 0
𝑅2.2 0.1333 83.5 0 0 0 0.66 0.34
𝑅2.3 0.0667 25.5 0 0.98 0.02 0 0
𝑅2.4 0.0667 53.5 0 0 0.86 0.14 0
𝑅3.1 0.0857 71.5 0 0 0.14 0.86 0
𝑅3.2 0.0571 65.0 0 0 0.40 0.60 0
𝑅3.3 0.0286 24.5 0.02 0.98 0 0 0
𝑅3.4 0.0286 83.0 0 0 0 0.68 0.32

analysis models are given the recognized value according to formulas (14-18). In other cells “0”
is put.

Thus, the probability of risk R1.1 in accordance with expert opinions and linguistic terms
refers to the level of Medium (96%), High Medium (4%); 𝑅1.2 – Medium (30%), High Medium
(70%); 𝑅2.1 – Low Medium (74%), Medium (26%); 𝑅2.2 – High Medium (66%), High (34%); 𝑅2.3 –
Low Medium (98%), Medium (2%); 𝑅2.4 – Medium (86%), High Medium (14%); 𝑅3.1 – Medium
(14%), High Medium (86%); 𝑅3.2 – Medium (40%), High Medium (60%); 𝑅3.3 – Low (2%), Low
Medium (98%); 𝑅3.4 – High Medium (68%), High (32%).
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Stage 7. Determination of a complex indicator
At the next stage, a comprehensive risk indicator of the investment project is determined,

based on fuzzy sets. According to formula (11) found the vector:

𝑁
∑
𝑖=0

𝑝𝑖 ⋅ (𝜇𝑖.1, 𝜇𝑖.2, 𝜇𝑖.3, 𝜇𝑖.4, 𝜇𝑖.5) =

= (0.0006; 0.1920; 0.3802; 0.3727; 0.0545).

But according to the selected membership function, the nodal points in which the membership
function is 1 are equal to (0; 25; 50; 75; 100). To find the integral exponent, use formula (12) and
multiply the corresponding exponents of both vectors and find their sum.

𝐴_𝑁 = 51.8194 = 𝑅0.

Thus, the complex risk indicator of the investment project is 51.8194 points.
Stage 8. Interpretation of a complex indicator.
According to formulas (14) – (18) and figure 2, the value of the complex risk indicator is

average (93%) on the border of above average (7%). 𝑅1.1 and 𝑅1.2 risk have the greatest impact
(according to weighting factors) (figure 3).

Figure 3: Components of a complex indicator of investment project risks and their compliance with
linguistic terms.

According to figure 3, the highest risks belong to the level of High Medium, in second place
the level of Medium, and in third place – Low Medium.

Figure 4 shows a risk map of the project (according to table 4). The 𝑦-axis reflects the
probability of risk (in ascending order), and the 𝑥-axis shows the risk weight (in ascending
order). The bold line shows the critical limit of the level of risk. Those risks that are above this
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Figure 4: Risk map of the investment project.

line are critical for the project and require a priority management decision to transfer them
from the critical (red-purple) zone to the green zone.

Therefore, themost critical for the project are risks 𝑅1.2 (risks associatedwith the reassessment
of additional opportunities for project development (errors in the assessment of alternative
technologies and choice of technology and equipment for the project, failure to develop project
capacity), risk 𝑅1.1 project sustainability: risk of confidence that the new project is guaranteed
success due to its unique qualities, even when imitating it, risk of confidence in the company’s
potential for exclusive cooperation), 𝑅2.2 (risks associated with the nature of competition in the
market, namely risks strong competitive influence in the target markets of the enterprise), 𝑅2.1
(risks of incorrect estimation of demand for the project), 𝑅3.1 (risks for estimation of expenses
of commercialization of the project). To translate them into an acceptable green zone requires
in-depth comprehensive marketing research, development, and implementation of additional
measures to ensure the quality of raw materials; application of sanctions to suppliers, up to
replacement of equipment; staff training during construction; search and implementation of
reserves to reduce production costs; transition to alternative sources; reduction of the share of
imported materials and spare parts due to the maximum use of domestic, primarily local, etc.

This approach to obtaining a comprehensive assessment should also be used to select one of
several alternative projects because the best will be the one where the overall risk assessment
of the project is less.

If we compare the obtained complex indicator with the complex indicator obtained by ordinary
convolution (the sum of weights per indicator level), ie the average scores from table 1 and
the corresponding weights, the complex indicator will be 57.2123. Thus, it is possible to notice
the difference in obtaining a complex indicator by different methods, but the application of
fuzzy logic allows to work with both quantitative and qualitative input indicators and to use
easy-to-understand linguistic terms.
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4. Conclusions

1. The task of determining a comprehensive risk assessment of the project within this study
is implemented by a construction company, which assesses the risks of a new investment
project for the construction of a residential complex. The experts identified the types
of risk and their components that affect the results of the project and selected for the
formation of a comprehensive assessment. These include technical (risks of reassessment
of project sustainability; risks associated with the reassessment of additional opportunities
for project development), external (risks of incorrect assessment of project demand; risks
associated with the nature of competition in the market; risks associated with the solvency
of the customer; risks of the uncertainty of the external environment of the project),
organizational (risks of estimating the costs of project commercialization; risks of potential
losses from project implementation; risks of underestimation of project development
costs; risks of the uncertainty of the internal environment of the project).

2. The mathematical model of the problem of determining a comprehensive assessment of
project risks consists of the following components: hierarchy of existing project risks (a
hierarchical tree of logical conclusion); a set of qualitative assessments of each factor in the
hierarchy (linguistic terms); system of relations of advantages of some risks over others
(for one level of hierarchy). The proposed Project Risk Model consists of the following
stages: formation of initial data using expert opinions; construction of a hierarchical
project risk tree; determination of weighting factors (Fishburne weights) of project risks;
selection and description of membership function and linguistic variables; conversion
of input data provided by experts from a score scale into linguistic terms; recognition
of qualitative input data on a linguistic scale; determination of a complex indicator of
investment project risks; interpretation of a complex indicator.

3. Initial data were formed using the opinions of experts: the experts provided an estimate
of the probability of occurrence of each of the selected risks of the project on a scale from
0 to 100 points (ascending). The risks related to the nature of competition in the market
and the risks of uncertainty in the internal environment of the project are most likely.

4. A hierarchical tree of risks of the project is constructed with the indication of the system
of relations of advantages that gives the chance to form weighting factors using Fishburne
weights.

5. According to the system of relations of preferences, Fisher’s system of weights is formed.
The highest weights are the risks associated with the revaluation of additional project
development opportunities and the risks of revaluation of project sustainability.

6. The linguistic variable “Level of risk” with the term set of values A was formed. The
triangular membership function with the following linguistic terms was chosen as mem-
bership functions: Low (L), Low Medium (LM), Medium (M), High Medium (HM), High
(H), distributed on a scale from 0 to 100 points.

7. The initial data provided by experts on the probability of occurrence of each of the risks
were converted from a score scale to the linguistic terms Low (L), Low Medium (LM),
Medium (M), High Medium (HM), High (H).

8. Recognition of qualitative input data on a linguistic scale is carried out. The highest
total value according to the triangular membership function in the linguistic term High
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Medium.
9. Determination of a complex indicator of the level of project risks. Its value is 51.8194

points.
10. The analysis of the obtained complex indicator shows that the total level of risk of the

investment project is average (93%) on the verge of above average (7%). The constructed
risk map shows that the most critical for the project implementation are the risks associ-
ated with the reassessment of additional opportunities for project development; risks of
reassessment of project sustainability; risks associated with the nature of competition in
the market; risks for estimating the costs of project commercialization. To reduce them
requires in-depth comprehensive marketing research, development, and implementation
of additional measures to ensure the quality of raw materials; application of sanctions to
suppliers, up to replacement of equipment; staff training during construction; search and
implementation of reserves to reduce production costs; transition to alternative sources;
reduction of the share of imported materials and spare parts due to the maximum use of
domestic, primarily local, etc.

The presented approach allows determining a comprehensive assessment of the risks of the
investment project of the enterprise, which indicates its universality and creates conditions for
its acceptability for different enterprises.
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