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Abstract — The research of the urgent task of developing a
fuzzy mathematical model of financial risks for evaluating
projects regarding the level of security of their financing has
been carried out. The development of such technology will
provide an opportunity to adequately approach the
consideration of projects, increase the degree of validity of
investment decisions and increase economic security.

Keywords —  projects, risks, linguistic evaluation,
information technology, multicriteria, security financing, venture
capital funds.

I. INTRODUCTION

Fuzzy mathematical modeling is one of the most active
and promising areas of applied research in the field of
management and decision making in weakly structured
systems. The range of fuzzy methods is expanding every
year, embracing various new areas. Fuzzy mathematical
modeling is this when the elements of the study are not
numbers, and some fuzzy sets or their combination. The
basis of this approach lies not in traditional logic, but in
logic with fuzzy truth, fuzzy ties and fuzzy rules of output.
The main characteristics of this approach are the use of
linguistic variables instead of numerical variables, the
relationship between variables is described by fuzzy
statements, and complex relationships are described by
fuzzy algorithms.

When designing and managing a complex socio-
economic system, a problem arises when a person is not
able to give accurate and, at the same time, practical
meanings of judgments about their behavior.

The paper proposes research of the actual problem of
developing a mathematical model of information technology
for risk assessment of projects regarding the level of
security of their financing, using fuzzy mathematics, for
various investment subjects. The development of such
technology will provide an opportunity to adequately
approach the consideration of projects, increase the degree
of validity of investment decisions and, in general, increase
economic and managerial security.

Financing projects of any nature (project startup or
classical investment) is a risky activity. Depending on the
origin of the project, there are various options for its
financing, such as business angels, venture and investment
funds, banks. Each of these institutions has its own risk
management policy. But all of them combine one thing: to
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find and finance a successful project with minimal risks.

Risk is closely linked to the concept of economic
security of the project, both as the security of the entity
representing the project, and the security of the investor.
The subject's security is that a risky and unsuccessful project
will lead to damage to the enterprise. The investor's security
is directly dependent on an adequate assessment of the
project and the entity presenting the project. Increasing the
security of investment projects provides stability of the
regional economy [1].

Recent scientific studies indicate the need to systematize
risk minimization tools and develop a algorithm for
selecting a model for evaluating projects of different origins.
The issue of quantitative risk assessment and risk
management during investing is disclosed in many papers
[1-3], but a holistic concept for determining the level of risk,
reducing it and taking into account the subjective aspects of
the assessment has not yet been developed.

II. FORMULATION OF THE PROBLEM

Depending on the origin, commercial projects are dealt
with in two types: classical - investment projects under
which a well-formulated business plan emerges in a
company operating on the market and requires a partial
involvement of funds from the outside; startup projects - the
"idea" that arises in companies whose business is based on
innovative technologies, such companies have not entered
the market or have just started to come out of it and need to
attract external resources.

We formulate the task of evaluation as follows. Suppose
we have some projects S},S5,,...,S, , for which an evaluation

of the risk with regard to the level of security of their
financing should be done. Projects can have different
perspectives, nature and security of implementation.
Without diminishing the universality, we will continue to
consider one project. In case of a plurality of projects, they
can be ordered according to the initial estimates received.
The model of the problem is represented in the following
form:

SPF =0(0g,045,0R), (1

where Og — evaluation of the project under consideration,
depending on its origin (classic investment project [4] or



startup project [5]), O; — assessment of the economy in
which a commercial project will be implemented [6], Op —

aggregated risk assessment for project implementation.
SPF — initial assessment and linguistic treatment of risk in
relation to the level of project financing security. O —
operator that matches the output variable SPF , with input
estimates Og,0,0p .

I1I. MATERIALS AND METHODS

Let us offer the next set of start-up risk assessment
criteria on which the platform can assess risks of start-ups.
There are four groups of criteria: K, — "operational risk";

K; — "investment risks"; K — "financial risks"; Kg —
"risks of innovation".

A person who decides (Decision Maker) from each
group chooses risk criteria are criteria that can assess the
proposed project. Let us represent each group of criteria in
the form of a set of indicators. Then to the group of criteria
Ko — "operational risk" the following indicators can be

considered: K — the risk of loss of the client base; K, —
the risk of loss of the supplier; K3 — the risk of losing
market share; Kp4 — the risk of lowering the level of
management; Kps — the risk of industrial conflict and
ineffective motivation; Kpg — the risk of lowering the
quality of the processes; K7 — the risk of lowering labor
productivity; Kpg — personnel risks; Kpg — the risk of
unsecured resources.

The "investment risks" group — K; we will express
through the following indicators: K, - the risk of
inefficiency of investments; K;, — risk of disruption of the
terms of creation of production assets; K ;3 — the risk of
failure to achieve the return on investment capital; K ;4 —

the risk of exceeding the amount of start-up investment;
K s —the risk of a lack of investment capital.

The "financial risks" group — Ky we will express
through the following indicators: Ky — the risk of
inefficient use of capital; Kz, — risk of loss (arises due to
price changes, when sudden expenses cover revenue); K 3
— the risk of investor loss; K4 — the risk of loss of
solvency; K s — the risk of a suboptimal capital price.

The criteria of the "risks of innovation" group — Kg we
will express with the help of such indicators: Kg; — the risk
of ineffective innovation investments; Kg, — the risk of
ineffective promotion of innovations; Kg3 — risks of
breaking the terms of innovation development; K g4 — risks
of technology innovation; Kgs risks of resource
insufficiency when designing innovations.

This set of risk criteria can not reveal all aspects of any
startup of the project in various areas of implementation, so
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it is open and any expert can add some criteria depending on
the scope of investment.

Each risk criteria is evaluated by experts with one of the
terms of the following term-set of linguistic variables
L={H; HC: €3 BC; B} , where: H — «low risk
level»; HC — «risk level below averagey; C — «average risk
level»; BC — «risk level above average»; B — «high risk
level». Also, an expert puts the number of «authenticity» for
each assessment of risk level (L) of his consideration

concerning the interval [0; 1].

We describe a two-tier scheme of a project risk
assessment model based on input linguistic variables. The
inputs are presented in the form of linguistic variables and
the reliability of the expert's consideration of their
assignment. Therefore, at the first level, it is necessary to
build membership rules and knowledge base in order to

obtain the resulting term-assessment L% for each group of
risk criteria. On the basis of obtained resultant term

evaluation L% to determine the aggregated estimation of

reliability #(L%) . At the second level, estimates are

obtained L% and u(L*) we will design a "risk axis" to

determine one project risk assessment for each group of
criteriacr .

Consider the first level - the construction of the rules of
ownership of the resulting term evaluation by the groups of
risk criteria.

Level H: «low risk level». The minimum amount of
criteria with low risk level term should not be less than 60%
and the remaining 40% of the criteria should not have terms
lower than «risk level below average».

Level HC: «risk level below average». The project
should have the minimal amount of criteria with the term
«risk level below average» not less than 60%, and the other
40% of criteria should have terms not lower than the
«average risk level».

Level C: «average risk level». The minimal amount of
criteria with the term «average risk level» not less than 60%,
and the other 40% of criteria should have terms not lower
than the «risk level above average».

Level BC: «risk level above average». The minimal
amount of criteria with the term «risk level above average»
not less than 60%, and the other 40% of criteria should have
terms not lower than the «high risk level».

Level B: «high risk level». The project gets the resulting
term-evaluation «B» in case the amount of criteria with the
term «high risk level» compiles 60% and more.

Then, based on the established rules of ownership of the
resulting term evaluation for the groups of risk criteria, we
can give a fragment of the knowledge base, for example,
according to five criteria, Table 1.

Because the expert puts each variable L& the reliability

of their reasoning — x(L¥) from the interval [0; 1],
o= {0; L F; S} then linguistic variables can be represented,



for example, in the form of triangular membership
functions.

TABLE L A FRAGMENT OF KNOWLEDGE BASE

i Kai | Kaz | Koz | Kaa | Kas tenﬁf:al;::zgdan
1 H H H HC HC H

2 H H HC HC HC

% .- HBC HC HC HC

4 | HC HC HC

5 c (o) HC HC

6 (o € BC BC

7 ¢ c HC BC .

8 C (& C H HC

9 BC BC BC C

10 BC BC BC (&

BC

11 BC BC BC

12 BC BC BC HC

13 B B B BC BC

14 B B B BC € 2

The aggregated authenticity estimation  z(L%)

a= {O;[ s F ;S} is calculated with the following formula:

w(l® =13 1), a={o;1;F;s},

i=1

(2

Where u(L¥) — is the authenticity estimation of the
linguistic variables which match the resulting term-
evaluation for i-criterion of « risk criteria group.

At the second level, we will design the data on the risk
criteria groups into a "axis of risk" to determine a
generalized risk assessment of the project for each group of
criteria & and obtaining an aggregated risk assessment, as
well as its linguistic interpretation.

Next for each group of criteria « , let's express it x% :

o
i ﬁ(-;'—l(b—a)ﬂz, 0< u(1%)<0,5;

x% = . 3)
b—,/%(b—a), 0,5 < u(L%)<1.

To obtain a generalized project risk assessment for
groups of criteria & , use the following formula:

4)
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Three variables (x(L%);u(L%);z%) we interpret the

three-dimensional coordinate system, where x = x(L%)— the
value of a function equal to the numerical interpretation of
the resulting term-estimates L = {H s JHGE Cy BC: B}
y = u(L*) - aggregated assessment of the reliability of the

expert's thoughts, and the axis z=2z% — project risk
assessment for each group of criteria ¢ , which project is on
the "axis of risk".

Aggregated risk assessment for all groups of criteria
we calculate as follows:

O =5 Z0-2%) ®)

o

Since the evaluation is received O normalized, then to

compare it with the output variable R the following scale is
proposed: r; = «negligible risk level of project»; r, = «low

risk of project»; r; = «average risk of a project»; ry =
«high risk of project»; rs = «extreme risk level of project».

Linguistic treatment of aggregated risk assessment
R={n,ry,r3,r4,rs} define, for example, the following

scale: Ope (0,87; 1] — n; Oge (0,67; 0,87] — rp
O € (0,36; 0,67] — r3; Ogp € (0,21; 0,36] — ry; Og € [0;
0,21] — rs5.

IV. RESULTS AND DISCUSSION

Formulate a generic algorithm to obtain aggregated
safety assessment project financing.

1 step. Determine the resulting term-evaluation.

Based on expert input imposed on the project and built
the knowledge base determines the resulting term-evaluation
criteria for groups: Kp; K;; Kp; Kg.

2 step. Determination of the aggregated estimation of
reliability of expert considerations.

Aggregate validation calculates ,u(La), a= {O; I:F:8 }
according to the formula (2).

3 step. Obtaining a single generalized project risk
assessment for groups of criteria & .
For each group of criteria we calculate the relative

percentage scale [a;b6] and resultant term evaluation L% ,

(which has the level of risk content) by the formula (3). A
generalized project risk assessment for each group of criteria
a gets for (4).

4 step. Calculation of aggregated risk assessment for all
groups of criteria.

Aggregate risk assessment is determined by (5).

5 step. Output level of project financing security.



Match the evaluation Op with output variable R to

obtain a linguistic interpretation of the level of security of
project financing.

For an example, consider the following problem. You
need to build an initial estimate SPF and a linguistic
interpretation of risk regarding the level of security of
project financing. At this stage, we have an assessment of
the project, depending on its origin — Og, an assessment of
the economy in which a commercial project will be
implemented — O, aggregated risk assessment for project

implementation — Op .

Let the Decision Maker for each assessment may specify
weight ratios {pg,pg,pg} from some interval. Then we

will determine the normalized weight coefficients
accordingly:
=L5_ 5-(5,G,R =1
as = , 6={S,G,R},) ps=1. (6)
2.Ps 5
S

Since all the estimates obtained are normalized from the
interval [0; 1], we use the following approach to obtain a
final assessment of the security level of the project
financing. Depending on the psychological perception of the
situation Decision Maker can choose one of the
convolutions [6]:

Pessimistic M[(S) = ; (7)
“s
s Os
Cautious M (S) =[] (05)* ; ()
5
Average M3(S) =Y 505 ; )
)

Optimistic M,(S) = fzaa(oa)z . (10)
)

Thus, we obtain an initial estimate from the interval [0;
1]. For the linguistic interpretation of risk, the value
obtained by formulas (7) - (10) is comparable to one of the
term sets SPF ={SPF,SPF,,..,SPFs}. The scale of

estimates can be determined as follows: M(S)e (0,77; 1] -
SPFs («high level of security of project financingy);
M(S)e (0,57; 0,77] — SPF, («the level of security of
project financing is above average»); M(S)e (0,36; 0,57] —
SPFy («average level of project financing security»);
M(S)e (0,21; 0,36] — SPF; («low level of project financing
security»); M(S)e [0; 0,21] — SPF («very low level of

project financing security»).

Depending on the different periods of the project
implementation, we can review the initial assessment and
aggregate risk assessment of the project implementation.

V. EXPERIMENTS

Let some investment project undergo an expert
evaluation. The values of the linguistic variables and the
authenticity of their assignment are as follows:

1, K2 - "operational risk": Klo (H; 0,8); Kzo (H; 0,7);
k¥ (HC; 0,9); K9 (H; 0,6); K9 (HC; 0,7); K2 (C; 0,5);
k9 (H;0,7); k€ (H; 0,8); K§ (H; 0,9).

2. K - "investment risks": K{ (HC; 0,7); K3 (H; 0,5);
K1 (C;0,6); Ki(HC;0,8); KI(HC;0,9).

3. k¥ — “financial risks": KIF (HC; 0,3); Kf (HGC;
0,6); K¥ (HC;0,2); Kf (H;0,7); Kf (H; 0,6).

4. K% _ risks of innovation": K5 (H; 0,8); K§ (H;
0,9); K§ (HC; 0,1); K3 (HC; 0,7); K$ (HC; 0,6).

To obtain an aggregated safety assessment of a project
financing, use the following algorithm:
1 step. Determination of the resultant term evaluation.

Based on the knowledge base for each group of risk
criteria, we define the resulting term evaluation:
"operational risk" — H; "investment risks" — HC; "financial
risks" — HC; "risks of innovation” — HC.

2 step. Calculation of the aggregated estimation, of the
reliability, of the experts reasoning. Aggregate

validation u(L“) 5 = {O; I F ;S} calculate according to the
formula (2):

u(L%)=1/6*(0,8+0,7+0,6 +0,7 +0,8 +0,9) = 0,8;
w(Ly=1/3%(0,7+0,8+0,9) = 0,8;
w(LF)y=1/3*0,3+0,6+0,2) = 0,6;

W(LS)=1/3*(0,1+0,7+0,6)=0,5 .

3 step. Obtaining a single generalized project risk
assessment for groups of criteria o .

For each group of criteria oo we calculate by the formula
(3). A generalized project risk assessment for each groups of
criteria o get for (4).

x¥=20- %(20*0#13;
s

2=

T o 155

100

x! =40—Jﬂ(40—20)=33,7; A w22l otk
2 100



xF =40- ﬂ(40—20)=29; o 2l s
2 100
x5 =‘[1—'—9’—5L~2o+2o=3o; P =l a3,
2 100

4 step. Calculation of aggregated risk assessment for all
groups of criteria oo .  Aggregate risk assessment is
determined by (5):

Op = %((1 ~0,13)+(1-0,34) + (1-0,29) +(1-0,3)) = 0,74.

5 step. Determine the level of security of project
financing.

Match the evaluation Op with output variable R to
obtain a linguistic interpretation of the level of security of
project financing,.

Because Op € (0,67; 0,87] — r,, then the project under
consideration will receive "a low level of project risk or a
level of security of project financing above average".

Depending on the different periods of the project
implementation, we can review the initial assessment and
aggregate risk assessment of the project implementation.

Built in such a way two-level fuzzy mathematical model,
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obtaining an aggregated risk assessment of the project, has a
number of advantages, namely: uses the expert's reasoning
for assessing the various risk criteria; the reliability of his
reasoning and, based on this; the aggregation of opinions
according to the groups of criteria in the final assessment.
The disadvantages of this approach include the use of
different models of membership functions, which can lead
to ambiguity of end results.
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