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DEVELOPMENT OF A MODEL OF
COMPREHENSIVE ASSESSMENT
OF ENTERPRISE BANKRUPTCY
RISK LEVEL

The object of this study is the process of assessing the risk level of enterprise bankruptcy based on a comprehensive analysis of both
quantitative and qualitative characteristics of its business processes. The problem addressed in this work concerns the improvement of
bankruptcy risk prediction models. Existing approaches suffer from several significant drawbacks. In particular, the BR model lacks
sufficient flexibility. It requires strict preliminary ranking of influencing factors and relies on formalized weighting systems. This limits
the individualization of the analysis and reduces the accuracy of the assessment.

The essence of the obtained results lies in the development of a model of comprehensive assessment of enterprise bankruptcy risk
level (MCAEBRL). This model implements a comprehensive analysis of the enterprises business processes using both quantitative and
qualitative characteristics. Ranking of factors is not mandatory. Instead, the model uses actual normalized weights determined by experts.
It supports flexible rating scales for various indicator types, enables fuzzification of data to handle linguistic evaluations of indicators,
and allows a group of experts to be involved to enhance the objectivity of the results.

The importance of the obtained results is explained by the features of the MCAEBRL construction. A process-based and integrated
approach was used to analyze the enterprises activities. A multi-level hierarchy of business processes was employed, as well as quantita-
tive and qualitative indicators for their characterization. Assessments were conducted using broad rating scales. The model uses fuzzy
set theory to handle both precise and imprecise data.

The proposed model can be practically applied to assess the financial stability of enterprises across various industries. It is especially
useful in unstable economic environments. The model is suitable for working with data of different nature and accuracy levels. It can also
be used in cases where expert knowledge needs to be taken into account, thus improving the objectivity of bankruptcy risk assessment.
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1. Introduction

In the context of dynamic economic development and constant
changes in the market environment, there is an increasing need to develop
effective tools for the early diagnosis of financial problems in enterprises. In
particular, assessing the level of bankruptcy risk is a critically important
task for ensuring the stability and security of both individual businesses
and the national economy as a whole [1]. Timely identification of threats
and the prevention of crisis phenomena help to preserve resources, avoid
socio-economic consequences, and ensure the sustainable functioning of
business structures.

Traditional approaches to bankruptcy risk assessment are primarily
based on the analysis of financial ratios and accounting data [2]. However,
practice shows that such methods are often insufficiently effective given
the complexity of modern business processes. They often fail to take into
account informal factors that can significantly impact a company’s financial
stability: management quality, innovation potential, the condition of busi-
ness processes, among others [3]. This creates a need for comprehensive
models capable of processing both quantitative and qualitative information.

One of the promising directions is the application of fuzzy set theory,
which makes it possible to account for uncertainty, ambiguity, and subjec-
tivity in decision-making processes [4]. The use of fuzzy models enables

the integration of heterogeneous data, thereby improving the accuracy
and reliability of bankruptcy risk assessments.

An important aspect of modern bankruptcy risk analysis is the
introduction of a process-based approach to examining enterprise ac-
tivity [5]. Business processes form the foundation of an organizations
operations, and their efficiency or dysfunction directly affects financial
stability. Therefore, assessing the condition of key business processes is
anecessary component of comprehensive bankruptcy risk diagnostics.

The scientific aim of this research is to develop and substantiate a new
model for assessing enterprise bankruptcy risk, building on earlier meth-
odology [6]. The proposed MCAEBRL model, based on a process-oriented
business approach, integrates both quantitative and qualitative performance
indicators using fuzzy set theory. The study achieved significant results: the
model improves the accuracy of risk assessment by filtering out unqualified
expert input, assessing the consistency of expert judgments, and handling
uncertainty in business data. MCAEBRL is adaptable to various business
environments, and a web-based implementation is already underway.

From the standpoint of scientific novelty, the research proposes
a new approach to risk analysis in business processes. It introduces
a systematization of business processes based on their impact on the
overall risk level. A tree-like hierarchy of risk factors is constructed to
organize these risks structurally. For aggregation within fuzzy logic,
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the Ordered Weighted Averaging (OWA) operator is applied [7]. Adap-
tive evaluation scales are also introduced, enabling adjustment to the
specific features of each enterprise.

From a practical standpoint, the developed methodology allows
enterprises to regularly monitor the condition of their business pro-
cesses and promptly identify areas requiring attention or corrective
actions [8]. The proposed approach contributes to improving the ac-
curacy of bankruptcy risk forecasting, optimizing resource allocation,
and developing effective anti-crisis strategies.

As aresult of the practical implementation of the developed model,
enterprises obtain a systematic analysis tool for their stability, based
not only on historical data but also on predictive assessments of key
process development [9]. This ensures competitive advantages in
a volatile economic environment and enables adaptive management
decisions in response to external and internal factors.

Thus, the integration of fuzzy logic methods with a process-based
approach to bankruptcy risk assessment forms the basis for the devel-
opment of a modern, flexible, and adaptive risk management system
that meets the challenges of today’s business environment [10].

2. Materials and Methods

The object of this research is the process of assessing the risk level
of enterprise bankruptcy based on a comprehensive analysis of both
quantitative and qualitative characteristics of its business processes.

The problem of bankruptcy forecasting began to receive signifi-
cant attention in leading capitalist countries, particularly in the United
States, immediately after the end of World War II. A reduction in mili-
tary contracts was one of the factors that contributed to a rise in the
number of bankruptcies [11].

In modern research, a variety of mathematical models and methods
are actively used to assess bankruptcy risk. These include methods of
multiplicative discriminant analysis (MDA) of the risk of enterprise
bankruptcy [9] and logit, probit models.

Among the prominent Ukrainian scholars, who have studied bankrupt-
cy probability forecasting, [12] is noteworthy for developing a discriminant
model for the integral assessment of an enterprises financial condition.

Building on this foundation, and considering the need for a more
holistic evaluation framework, the business process approach to analyz-
ing an enterprise’s activities has gained traction as an effective approach
for determining the level of bankruptcy risk, especially in the context of
uncertainty. Within this framework, it is advisable to apply an economic
and mathematical model specifically tailored for such assessments.
Namely, the Bankruptcy Risk Model (BRM) (see, for example, [3]).
This model is formulated as follows

BRM =<G,L,® >, (1

where G - a tree-like hierarchy of factors of enterprise bankruptcy, in
particular business processes and their indicators, L — a set of qualitative
assessments of each factor level in the hierarchy, and @ - a system of
relations of advantages of some factors over others for one level of the
hierarchy of factors.

A tree-like hierarchy G can be described using a directed acyclic
graph, where there are no horizontal edges within one ranking level
containing a single root vertex

G=<FEV>, )

where F={E} - a set of vertices corresponding to factors, with Fy -
the root vertex of the graph corresponding to the risk factor of bank-
ruptcy of the enterprise as a whole, V' ={V, } - a set of edges that con-
nect peaks neighboring levels hierarchy. In a tree-like graph G edges
are arranged so that the beginning of the edge corresponds to the
vertex F; of the lower level of the hierarchy (rank), and the end of the
edge is the vertex F; of the rank that is one lower. Fig. 1 shows a dia-
gram of a three-level tree-like hierarchy G of the form (2), where the
vertex Fy corresponds to the bankruptcy risk factor of the enterprise
as a whole (zero level of the hierarchy), vertices F (i =1,n) correspond
to bankruptcy risk factors at the level of business processes (the first
level of the hierarchy), and vertices [, , correspond to the j-th indica-
tor that characterizes i-th business process (jzl,m,,izl,n) (second
level of hierarchy), m; - the number of indicators characterizing the
i-th business process.

Therefore, the set of vertices F of the hierarchy G from Fig. 1 can
be written as follows

[ B EME oo LB BB o)
ARG, ‘

The set of L qualitative assessments of each factor level in the hi-
erarchy G corresponds to the structure of the set of vertices F of the
G hierarchy and contains qualitative assessments, some of which are
given by the decision maker or an expert. In particular, these are as-
sessments that correspond to quantitative and qualitative indicators of
business processes that characterize the activities of the enterprise and
directly affect the risk of its bankruptcy and correspond to the lower
level of the hierarchy. The other part is assessments of factors of higher
levels, usually calculated on the basis of lower-level assessments accord-
ing to certain rules, and on their basis a qualitative assessment of the
state of the entire enterprise is determined.

Fig. 1. Diagram three-level tree-like hierarchies G

&
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For example, a set of vertices F of the form (3) of a three-level tree-
like hierarchies G has the following form

[ M Wb o]
(oL L, ) |

n.1’

where L — the assessment that characterizes the state of the entire en-
terprise and corresponds to the top of the hierarchy Fy, similarly the as-
sessment L; characterizes the state of the i-th business process enterprise
and is responsible top E(z =1,n), and the estimateﬁgharacterizes the
state of the j-th indicator i-th business process (j=1,m.,i =1,n) and cor-
responds to the vertex Fj; (j= Lm,i= 1,n), m; — the number of indica-
tors characterizing the i-th business process. At the same time estimates
fromsets{L L, . L, bl sLysseslyyy bl Lo Lo Ly, are given
by the OPS or experts,] and estimates from sets iL, },{LI,IJZ,...,L”} are
determined according to certain rules in particular using operations
on fuzzy numbers (see, for example, [3]).

Often a set of qualitative scores for each factor in the hierarchy G
uses the following linguistic rating scale

A,

A5 = {A;l A 53 ’A5.4 ’A55 b=

Very low (VL) Low (L) Medium (M)
High (H), Very high (VH) '

n.m,

522

©)

A system of relations @ is a system of advantages of some factors
over others for one level of the hierarchy of factors

O ={E@F |$(~~) (©)

where > represents the advantage of one factor over another, = - rela-
tionship equivalence of factors, F,,Fj — factors that respond indices i, j.

When business processes and their quantitative and qualitative
indicators are ranked by importance by a decision-maker or expert,
the Fishburn weight system [13] can be used to determine the weights
of the elements in the sets F of the form (3). This system simplifies
the procedure for weight assessment by using recurrent relationships.

A BRM hierarchy may have more levels, in particular when the
indicator F| of i-th business process can be characterized by additional
indicators: FUk, k :l,mu. In this case to determine the status of the in-

dicator F; in the form of relationship functions g, (x) an aggregation
procedure similar to the procedure described in step 5 must be per-
formed. It is clear that in this case the hierarchy G, qualitative assess-
ment system L, system of advantages @ have to reflect this feature.
Fig. 2 represents version schemes four-level tree-like hierarchies G.

The BR-model serves as a foundational framework for assessing
bankruptcy risk under uncertainty. Two notable methods that utilize
this model are the fuzzy set-based risk assessment method and the ma-
trix-based risk assessment method.

The fuzzy set-based risk assessment method [3] employs fuzzy logic
to handle the inherent uncertainty in financial indicators. By assigning
degrees of membership to various financial states, it allows for a more
nuanced evaluation of a company’s financial health. This method has
been successfully applied to Ukrainian banks, where it demonstrated
improved accuracy over traditional statistical models such as ARMA,
logit, and probit. Key financial indicators used in this approach include
assets, capital, cash (liquid assets), household deposits, and liabilities.

The matrix-based risk assessment method |3, 14] involves con-
structing a matrix that combines financial indicators with their associ-
ated risk levels. Each cell in the matrix represents a specific combination
of financial ratios, enabling a comprehensive evaluation of bankruptcy
risk. While it is easier to implement, it tends to be less accurate than the
fuzzy set-based method.

3. Results and Discussion

The BR model is not particularly flexible. Therefore, let's propose
a more general and complex model for assessing the risk of enterprise
bankruptcy. This model does not require prior ranking of factors (busi-
ness processes) or the indicators that characterize them. As a result,
it rejects the use of the Fishburn weight system. Instead, it uses real-
valued normalized weights. These weights are determined directly
by an expert rather than through formal methods. In addition, the
comprehensive model assumes using not only the standard (five-level)
01-classifier to determine linguistic grade factors and indicators but
also more wide-scale assessment by choice of user. The comprehen-
sive model also provides a procedure for involving a group of experts,
which will ensure greater objectivity and accuracy in determining the
level of bankruptcy risk of an enterprise.

Fig. 2. Scheme of a four-level tree-like hierarchy G
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Model of comprehensive assessment of enterprise bankruptcy risk
level, further named MCAEBRL, is of the following form

MCAEBRL=<H,A,V,W,E,M,R>, ?)

where H - a set of business processes and corresponding quantita-
tive (statistical, economic, financial) and qualitative indicators that char-
acterize the activities of the enterprise and affect the level of bankruptcy
risk; A — a system of scales for assessing the state of business process in
enterprises based on their quantitative and qualitative indicators, as
well as scales for evaluating the impact (weight) of business processes
on the level of bankruptcy risk; V- the set of numerical and qualitative
indicators that characterize business processes enterprises are obtained
on the basis of enterprises activities for a certain reporting period;
W — the set of values of the weights of business processes and their
indicators included in the set H; E — the set of estimates of quantitative
and qualitative indicators that characterize the level of the state of each
business process from the set H and are set by experts using selected
scales from system A depending the values of these indicators from
the set V; M — the set of methods for assessing (predicting) the level of
bankruptcy risk of an enterprise based on the values of numerical and
qualitative indicators characterizing its business processes; R — results
of assessing the level of enterprise bankruptcy risk and recommenda-
tions for preventing and eliminating this risk both at the level of the
entire enterprise and at the level of key business processes.

Lets consider detailed components of the model (7).

In the future, without limiting generality, let’s refer to it as MCAE-
BRL, where H describes a three-level structure (hierarchy)

H={F,F,<F",F?>}, (8)

where F, contains the name of the enterprise which state is be-
ing analyzed and its details (Oth level hierarchy - level enterprises);
F={E} - the set of basic types of business processes that charac-
terize the activities of an enterprise i=1,n, n — the number of busi-
ness processes (in the Ist-level hierarchy - level business processes);
FN :{FUN} — the set of quantitative indicators characterizing i-th type
of business processes F i=1,n, j=1,m", where m" — the number of
relevant quantitative indicators for F (2nd-level of hierarchy - indica-
tor level); F¢ ={FUQ} — the set of qualitative indicators characterizing

i-th type of business process F.i=1,n j=1,m", where m® — the number
of qualitative indicators for F, (2nd-level of hierarchy - indicator level).

Graphic presentation structures H of the form (8) is shown in Fig. 3.

The set of scales A is used to assess the importance of business pro-
cess impacts on the level of bankruptcy risk. It also helps evaluate the
state of business processes in enterprises. The evaluation is based on
their values, including quantitative and qualitative indicators. Addi-
tionally, the set includes rules for converting these values into a specific
format. For example, this format can be a fuzzy format

A={A" AN AC A", 9)

where A" ={A;"} - the set of scales for assessing the weight of busi-
ness processes from the set F, quantitative indicators from the set F* and
qualitative indicators from the set F ? which are characterized according
to the structure H of type (8), by the level of their impact on the risk of
bankruptcy or by the level of their importance for the activities of the
enterprise; A ={A}"} - the set of scales for assessing the level of the state
of the enterprises business processes based on the values of their quantita-
tive indicators, k = 1,7~ , " — the number of different scales used to assess
quantitative indicators; AY ={AZ} - the set of scales for assessing the level
of the state of the enterprises business processes based on the values of
their qualitative indicators, k =1,r, r® the number of different scales used
to assess qualitative indicators; A" ={A; } - the set of rules for converting
the values of quantitative and qualitative indicators into a certain format,
for example, into a linguistic (fuzzy) format, in particular into trapezoidal
fuzzy numbers, k=1,r", " — the number of different fuzzification rules.

To estimate element weights of sets F, F", F% of H an interval scale
can be used

A =(0:1],

by means of which experts determine the validity of the elements when
applying, for example, the normalization method; or ordinal scale

A ={1,2,3,.,N},
by means of which experts determine the validity of the elements (ranked)

when applying, for example, the ranking method, or the method of paired
comparisons.

Enterprise level

Business process level

Indicator level

. A

—

Quantitative indicators

of the business of the business of the business
process process process
F 1 F 1 F, i

Qualitative indicators Quantitative indicators Qualitative indicators Quantitative indicators

Qualitative indicators
of the business of the business of the business
process process process

F‘,' Fu Fn

Fig. 3. Scheme of a three-level hierarchy of enterprise structure

s
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To evaluate the level of status of quantitative (numerical) indicators
can use such scales from the set AN:
— interval scale

Al =1"=[0:1],

- or three-point scale
AN =BY={1;2;3},

- orfive-point scale
A =B ={1;2:345},
- or nine-point scale

Al =

4

By ={1;2;3;4;5;,6,7;8;9}.

If necessary, n-point scale for assessing the state of quantitative (nu-
merical) indicators that characterize business processes in enterprises
may be used

Ay =B ={L23.n—Ln},

where 1 is some fixed natural number.
To evaluate qualitative indicators traditional scales from the set A2
can be used, for example:

AQ LQ {L, - lowlevel (H), L, — medium level (C),
L - high level (B)},

or

A} =12={L, - verylowlevel (LN), L, - low level (H),
Ly - medium level (C), L, - high level (B),
Ls - very high level (DV)},

or, for more accurate assessments of qualitative indicators, ex-
tended scale

Ay =12={L, - verylowlevel (LN), L, — low level (H),
L3 - level above low (VN), Ly — level lower medium (NS),

Ls — medium level (C), L - level above average (BC),

L7 —level lower high (HB), L - high level (B),
Lo - very high level (DV)}.

It should be noted that, if necessary, it is possible to translate esti-
mates of quantitative and qualitative indicators from the point scale to
the qualitative scale and vice versa, depending on the methods used
to assess the level of bankruptcy risk, while it is possible to assume
that there will be a mutually unambiguous correspondence between
the BY and I scales, for example

BY <L, BY <11, B) & I (10)

Vis a set of incoming data, i. e., values of relevant quantitative and
qualitative indicators that characterize business processes in enter-
prises, and has the following structure

vV=v"ve (11)

where VV = {VN} - the set of y of values of corresponding quantitative
indicators {F Vi=1n, j=1m"; Ve —{V)Q} — the set ¢ set of values of cor-
responding quahtatlve 1nd1cat0r9 {FQ} i=Ln, j=1m?

The values of numerical indicators of the set V are set by the
user (entered or downloaded from the database of another informa-
tion system) based on the reporting documentation of the enterprise
for a certain period. The values of numerical indicators are set in the
appropriate units of measurement, for example, monetary units, mea-
sures of weight, %, pieces, etc. At the same time, if for some reason the
value is unknown for some indicator, then the value 0 corresponds to
it. The values of qualitative indicators of the set VX are determined by
an invited expert or a group of invited experts and also based on the
reporting documentation of the enterprise for a certain period and/or
based on the results of an audit, a survey of enterprise employees, an
analysis of the activities of management personnel, etc., while using the
selected evaluation scale from the set A2

The set of weights W, which is included in model (1), can be repre-
sented as follows

W={Ww, (12)

where W, ={w. ,w?} - weights for the O-level structure [, w) €(0;1] -

weight (importance) of quantitative characteristics of business processes

in relation to the enterprise as a whole; w( €(0;1] - the weight (im-

portance) of qualitative characteristics of business processes in rela-

tion to the enterprise as a whole, w(‘]Nv +wf =LW, =< WIN,WIQ > — the

weight of business processes in relation to the enterprise as a whole;

={w"} - the set of weights of each business process F; in relation

to the enterprise as a whole, taking into account only quantitative
. .n

indicators, wl.N e(0;1],i=1,n, Z:Wl.‘N =1; WlQ = {wIN} — the set of weights
i=1

of each business process F in relation to the enterprise as a whole, tak-

. .n

ing into account only qualitative indicators, wl.Q e(0;1],i=Ln, ZWXQ =1;
i=1

W, =<W," W > - weight@ of indicators in relation to business pro-

cesses, in partlcular wh —{w } — the set of weights of each quantita-

tive indicator F/ in relatlon to the business process F of the enterprise,

W‘” e(0:1],i=Ln, j=1 m‘\ ZW‘ =1 W —{WQ} — the set of weights
of each qualitative indicator FQ in relation to the business process F,
of the enterprise, w; Qe (01)i=1n nj=1, mQ Zw =1

The importance of business processes and their quantitative and
qualitative indicators are determined, as a rule, by experts (using ap-
propriate scales and systems from the set A") based on their role and
importance for the company’s operations and impact on the processes
that cause bankruptcy.

The set E contains: assessments quantitative and qualitative indica-
fors that characterize the state level of each business process from the
set H and are set by experts using selected scales from the system A
depending on the values of these indicators from the set V, and has the
following structure

E=<EYES> (13)
Where E) = {EU } — the set of estimates of the 2nd level of the structure

— the level of the state of quantitative indicators FJ Li=ln j=1m",
Wthl’l are set by experts based on input data from the set V¥, a chosen
multiple - choice rating scale AV (note that based on chosen one ball-
room scale determination procedure grades, for the level of quantitative
status indicators can automate if customer will provide information
about i mtervals permissible values indicators F: [V"’“‘ v, i=1n,
j=1n" which will greatly simplify the work of experts In addltlon if
necessary, the point estimates can be converted into a scale of qualitative
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assessments using one of the ratios (10)); E; ={Ef} — the set of assess-
ments of the 2nd level of the structure H — the level of the state of
qualitative indicators EQ, izl,_n;N, jzl,miQ, which are set by experts
based on input data from the set V<, using the selected assessment scale
from the set A¢ (note that under certain conditions, qualitative assess-
ments EyQ = UQ, or they are converted into corresponding point scores
using one of the relations (10)).

The set of methods M assessment (forecasting) of the level risk of
bankruptcies enterprises is based on values quantitative and qualita-
tive indicators that characterize its business processes, it is possible
to present like this

M=<M",M%M" >, (14)
where M™ — methods for analyzing quantitative indicators that char-
acterize the business processes of an enterprise, for example, methods
of multiplicative discriminant analysis of the risk of enterprise bank-
ruptcy (MDA) based on the models of E. Altman, R. Lees, D. Chesser,
R. Taffler, G. Tishaw, J. Fulmer, etc., as well as methods based on
neural networks; M? — methods of analyzing qualitative indicators
that characterize business processes, for example, group examination
methods (questionnaire methods [15, 16], the brainstorming method
storming [17], Delphi method [18]); M® — methods of comprehensive
analysis of the risk of enterprise bankruptcy, for example, the method of
predicting enterprise bankruptcy using fuzzy logic, the matrix method
of predicting enterprise bankruptcy and fuzzy neural networks (see,
for example, [14]).

The results R of the assessment of the level of enterprise bankruptcy
risk and recommendations for their prevention and elimination can be
formally presented as follows

R=<RLB,RPE >, (15)
where RLB={RLU,RL‘1\',RL?} — results of assessing the level of bank-
ruptey risk, with: RL, ={S,,RB,,DS,} contains information about the
state of the enterprise S, in general, appropriate level of risk bankrupt-
cies RB, and the degree of similarity DS of the obtained result (De-
gree of Similarity); RIY =S, DS contains information about the
state of SIN :Sﬁ each business process of the enterprise F, i=1,n by
quantitative indicators and their degree of similarity DS, ={DS" };
RLY =S8, DS{ contains information about the status of S* =S each
business process of the enterprise F, i=1,n by qualitative indicators
and their degree of similarity DS ={DS{}; RPE=<RP,RE> - the
set of measures of prevention and elimination of risks of bankruptcy,
while: RP — the set of measures to prevent bankruptcy risks; RE — the
set of measures to eliminate bankruptcy risks.

Relevant sets of measures to prevent bankruptey risks are devel-
oped in accordance with industry standards [19], with generative ar-
tificial intelligence offering additional support in their formulation. In
this context, the enterprise’s state S, it's bankruptcy risk level RB, and
the similarity degree DS, between the fuzzy evaluation and the nearest
baseline linguistic assessment are determined using a selected metrics.
The procedure is based on the aggregated fuzzy estimate and adheres
to the correspondence rule between predefined fuzzy state evaluations
and bankruptcy risk levels (Tables 1-3), as defined by the chosen lin-
guistic scale A%. The resulting value DS, quantifies the proximity of the
fuzzy assessment to its linguistic prototype.

MCAEBRL can be utilized by financial analysts, investors, and busi-
ness managers to assess bankruptcy risk with greater accuracy, enabling
the early detection of potential financial issues and the implementa-
tion of preventive actions. Furthermore, the model can be valuable for
credit institutions when evaluating the creditworthiness of enterprises.

A comparative analysis between BRM and MCAEBRL models is
presented in Table 4.

Table 1

Correlation between the enterprise’s financial condition and its bankruptcy
risk level according to the scale [

¢ Level Enterprise condition §; | Bankruptcy risk level RB;
L Low (L) High (H)
L, Average (A) Average (A)
Ls High (H) Low (L)
Table 2

Correlation between the enterprise’s financial condition and its bankruptcy
risk level according to the scale I

I Level Enterprise condition S, | Bankruptcy risk level RB,
L Very low (VL) Very high (VH)
L, Low (L) High (H)
L Average (A) Average (A)
Ly High (H) Low (L)
Ls Very high (VH) Very low (VL)
Table 3

Correlation between the enterprise’s financial condition and its bankruptcy
risk level according to the Scale I

L; Leve nterprise condition ankruptcy risk leve
¢ Level Enterp dition S, | Bankruptcy risk level RB,
L Very low (VL) Very high (VH)
L, Low (L) High (H)
Ls Above low (AL) Below high (BH)
Ly Below average (BA) Above average (AA)
Ls Average (A) Average (A)
L Above average (AA) Below average (BA)
L, Below high (BH) Above low (AL)
Lg High (H) Low (L)
Ly Very high (VH) Very low (VL)
Table 4
Qualitative comparison between BRM and MCAEBRL
Aspect BRM MCAEBRL
Three-level tree (enter- Complex model with multi-
prise — business pro- level hierarchy but no Fishburn.
Struct cesses — indicators) with | Uses real, normalized weights
ructure linguistic assessments L at | set by experts; supports a wide
each node and Fishburn variety of scales and fuzzifica-
system @ to derive weights | tion rules
Fishburn weight system: | Explicit weights W set directly
Weighting | derives ordinal weights via | by an expert or expert panel on
recurrent rank relations an interval [0,1] or ordinal scale
Fixed linguistic scale (e. g., | Any numeric scales (3-, 5-,
five-point fuzzy) with 9-point or continuous [0,1])
Scales . L .
fixed aggregation rules and linguistic scales, plus fuzzi-
(fuzzy or matrix) fication rule sets
Limited: fixed scales and Highly adaptable: hierarchy H,
. scales 4, and methods M can
Industry | procedures need tweaking .
. . . be tailored to any sector, but
Adaptability | to fit industry specifics but
.1 df:mands extra rcscarch and
offer less configurability _
calibration

The proposed model for comprehensive assessment of enterprise
bankruptcy risk has been partially implemented in a web-oriented
information-analytical system currently being developed [20].

Note that, although MCAEBRL boasts a clearly formalized struc-
ture and spans a wide array of quantitative and qualitative indicators,
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its theoretical universality is constrained by the need to involve ex-
perts directly in setting the normalized weights and choosing assess-
ment scales. In practice, this means results can vary across industries
depending on experts’ skills and preferences, which undermines re-
producibility unless there is a strict protocol for expert selection and
engagement.

In the future, it is planned to conduct further research to refine
and expand the proposed model, exploring its adaptability to various
industries and improving the accuracy of the bankruptcy risk assess-
ment. Additionally, the development of more advanced algorithms and
the integration of real-time data sources will be considered to enhance
the model’s predictive capabilities.

The conditions of martial law in Ukraine did not affect the conduc-
tion of the research.

4. Conclusions

In the course of the research, a novel model (MCAEBRL) was de-
veloped to predict bankruptey risk using fuzzy logic techniques. Unlike
existing models, this one is built on a process-oriented business ap-
proach, in which the enterprise is considered a complex system (a busi-
ness model) and involves the analysis of both quantitative and qualitative
performance indicators using fuzzy set theory.

Unlike the standard BR model, MCAEBRL offers significant im-
provements. The use of fuzzy logic provides flexibility in evaluation,
allowing for the inclusion of ambiguous and uncertain data, which are
typical in business processes. Excluding unqualified experts from the
evaluation process after assessing their competence enhances the accu-
racy and objectivity of the evaluation. The application of the developed
formulas to determine the consistency of expert assessments highlights
the importance of considering all possible variables when analyzing
bankruptcy risk. Furthermore, the assessment of expert competence
enables a clearer understanding of what needs to be improved to en-
hance the enterprise’s performance.

MCAEBRL can be adapted to other exotic business processes,
thus expanding its potential areas of application. It is proposed for re-
search in areas that are continuously affected by an unstable economic
environment and require reliable and rapid bankruptcy risk assess-
ment methods.

The constructed mathematical framework is a significant contribu-
tion to the study of bankruptcy risk determination processes, offering
a new approach and tools for its economic analysis. At the same time,
itis only a part of further research that requires a more detailed under-
standing of the interaction between various factors.
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