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Abstract. The relevance is conditioned by the need to create mathematical support for a conceptual approach
that would allow systematising information situations of decision-making under conditions of risk, uncertainty,
fuzzy information, and provide a reasonable choice of methods for solving practical decision-making problems
in these situations. The goal was to develop mathematical models of information situations of decision-making
under conditions of risk, uncertainty, fuzzy information, and their possible combinations, and to build a model of
the decision-making process based on them, which provides for the possibility of applying several methods of
choosing alternatives and aggregating their results to improve the efficiency of decision-making. The research
methodology was based on a systematic approach using set theory, probability theory, fuzzy set theory, decision
theory and methods, and mathematical modelling to formalise information situations of decision-making.
Mathematical models of information situations of decision-making under conditions of risk (Risk, R), complete
uncertainty (Uncertainty, U), fuzzy information (Fuzzy, F), and possible combinations of situations were developed:
R-U, R-F, U-F, R-U-F. The generalised model of information situation of decision-making R-U-F (MISDMRUF) was
interpreted as a model of a decision-making problem that formalises the process of choosing an alternative in
conditions of simultaneous presence of risk, uncertainty, and fuzzy information. This allowed using existing and
creating new decision-making methods depending on the characteristics of the information situation of decision-
making. A model of the decision-making process under conditions of risk, uncertainty and fuzzy information
(MDMPRUF) was proposed, its tasks, main stages of implementation, and key features, in particular, versatility,
flexibility, and integrativity, were defined. The results showed that the proposed MISDMRUF and MDMPRUF
models were consistent with a number of studies in decision theory, but simultaneously fill in the existing
gaps, providing a systematic, integrated approach to classifying information situations of decision-making and
selecting decision methods under complex conditions of risk, uncertainty, and fuzzy information. The proposed
mathematical models and an appropriate approach to solving decision-making problems can become the basis
for creating information technologies for decision support under complex conditions
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Models of information situations of decision-making...

INTRODUCTION

Contemporary decision-making tasks are characterised
by a high level of complexity due to the presence of
multiple criteria, the impact of various risks, uncertain-
ty in decision-making conditions, and the inclusion of
fuzzy input data in real problems. In the decision-mak-
ing process, management bodies are faced with various
information situations that can significantly affect the
effectiveness of decision-making. The lack of a single
conceptual model that combines these situations and
considers their interrelationships makes it difficult to
choose and apply decision-making methods. This un-
derscores the relevance of the research aimed at creat-
ing a model that will systematise information situations
of decision-making under conditions of risk, uncertain-
ty, fuzzy information, and provide a reasonable choice
of methods for solving practical decision-making prob-
lems in these situations.

In scientific research, decision-making problems
are considered through the prism of various informa-
tion situations that arise in the process of choosing al-
ternatives. Various approaches to the classification and
formalisation of decision-making models and meth-
ods are widely presented in the scientific literature.
The monograph by M.I. Gomes & N.C. Martins (2022)
reviewed mathematical models of decision-making,
which showed the importance of integrating differ-
ent opinions and criteria into a single model. Special
attention was paid to the integration of multi-criteria
decision-making and multi-criteria optimisation as
complementary approaches to the analysis of complex
information situations. This creates a theoretical basis
for reasonable selection and combination of methods
depending on the level of information certainty. J. Jac-
card & J. Jacoby (2020) focused on the construction of
theories and models in the social sciences, which is of
direct importance for the development and modifica-
tion of decision-making methods focused on complex
and poorly structured problems. The researchers em-
phasised the importance of using qualitative, mixed
and quantitative approaches to build new models, and
the need to adapt and revise models in the event of
conflicting empirical data, which is relevant for deci-
sion-making tasks in conditions of uncertainty and
fuzzy information.

T.Zheldak et al. (2020) investigated the use of fuzzy
sets in management and decision-making systems. The
researchers emphasised the importance of integrating
classical mathematical methods with contemporary in-
formation technology and data mining. They noted the
role of combining quantitative and qualitative criteria
and applying fuzzy sets, which helps to more effective-
ly model information situations and make decisions
in complex and changing conditions. N. Munier (2021)
proposed the SIMUS method for modelling complex
decision-making scenarios, which is an example of a
modern hybrid approach to solving multi-criteria prob-
lems. Special attention was paid to the development

of a solution matrix that maximally reflects the real
conditions of the problem, considering practical limita-
tions and environmental characteristics. The researcher
emphasised that the choice of decision-making method
should be carried out in accordance with the structure
of this matrix, and the use of the SIMUS method using
examples from real scenarios demonstrates its effec-
tiveness for analysing complex, multi-factor situations.
N.P.Hgj et al.(2025) analysed methods for modelling the
risk of systems and decision-making, focusing on the
typical errors and limitations of existing decision-mak-
ing approaches, and on the need for careful selection
of methods and reasonable consideration of informa-
tion uncertainty to ensure the rationality of decisions.
The researchers stressed that incorrect consideration
of uncertainty, interpretation of probabilities and con-
sequences can lead to irrational decisions, sometimes
worse than random ones, which is especially critical for
events with low probability. This justifies the need for a
systematic approach to risk modelling, which involves
correct quantitative assessment, uncertainty analysis,
and alignment of model assumptions with real-world
decision-making conditions. In this context, T. Li et
al.(2025) proposed an interval fuzzy multi-criteria deci-
sion-making model with an improved projection meas-
ure that improves the stability and accuracy of results
in complex multi-criteria problems, demonstrating
greater reliability compared to traditional approaches.

These sources have formed a methodological basis
for further development of decision-making theory, but
they do not provide a holistic view of the relationship
between different types of information decision-mak-
ing situations. The analysed studies lack a systematic
classification of methods that accounts for the simul-
taneous presence of risk factors, uncertainty, and fuzzy
information. Despite a significant amount of research
in the field of decision-making, the problem of build-
ing models that would integrate complex information
situations, in particular decision-making in conditions
of risk, uncertainty and fuzzy information, and consider
the relationships between them, remains unresolved.
According to this problem, the purpose of the study
was to develop mathematical models of information
situations of decision-making in conditions of risk, un-
certainty, fuzzy information, and their possible combi-
nations, and to build a model of the decision-making
process that provides integration of various methods of
choosing alternatives and aggregation of their results.

MATERIALS AND METHODS

The research methodology was based on a systematic
approach, which allowed comprehensively analysing
information situations in decision-making and con-
sidering the relationships between all key elements of
the process. For the formalisation and modelling of in-
formation situations, the basic concepts of set theory,
probability theory, fuzzy set theory, and decision theory,
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mathematical modelling were used, which provided a
strict description of the decision-making process and the
ability to quantify the influence of external and internal
factors on the results. The models were developed con-
sidering the specifics of decision-making tasks in condi-
tions of risk, uncertainty, and fuzzy information, which is
typical of real management and information processes.

The study examined the problem of decision-mak-
ing in an environment where external factors that af-
fect the effectiveness of decisions are not under the
control of the decision maker (DM) or the subject of
management (SM). It was assumed that these factors
and external disturbances were unchanged during the
time when the decision is made, that is, the model was
static for a certain period of time. In the study, the deci-
sion-making situation was defined as a trio of sets (Us
& Koriashkina, 2018):

DMS={A, 0, F}, 1)

where A - set of mutually exclusive possible solutions
(alternatives) of the management body:

A={ALA,.., Al Q)

where 0 - set of mutually exclusive possible environ-
mental states £ where it may be located, but at the time
of making the DM decision, it is not known exactly what
state it is in (or will be in):

0={0,,0,..,0], (3)
where F - evaluation functionality that characterises

the “utility” or “loss” of the DM when choosing a solu-
tion A, if the environment will be (or is) in the state 0/.:

F={f;}={fA4,0)p}i=TNj=15. (4

The information situation of decision-making in
the study was defined as the degree of gradation of un-
certainty in the choice of environment E of their states
from a given set @ at the time of decision-making by
the management body. In this study, decision-making
tasks were analysed in information situation of deci-
sion-making under risk conditions (ISDMR), uncertain-
ty (ISDMU), fuzzy information (ISDMF), and their possi-
ble combinations. The choice of these three information
situations was determined by the desire to cover differ-
ent levels of availability and accuracy of information,
which provided a comprehensive approach to the anal-
ysis of decision-making processes within the study.

The study used the conceptual model proposed by
A.Y. Maksymov (2025), which reflected the relationship
between information situations ISDMR, ISDMU, ISDMF
that may arise during decision-making, i.e., the relation-
ship between information situations of decision-making
under conditions of risk (Risk, R), complete uncertainty
(Uncertainty, U), and fuzzy information (Fuzzy, F). This
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model is called the “R-U-F” model of possible informa-
tion decision-making situations. Its representation in
the form of a Venn diagram is shown in Figure 1, helped
to clearly present possible information situations of de-
cision-making and facilitate identification of the nature
of the decision-making problem and substantiation for
choosing appropriate methods for solving it.

W%V

Figure 1. Set-theoretic “R-U-F” model of possible
information decision-making situations under
conditions of risk, uncertainty, and fuzzy information
Source: created by the authors based on A.Y. Maksymov (2025)

The following is a description of the components of
the R-U-F model that intersect (Maksymov, 2025): risk
and uncertainty (R-U): any risk is a manifestation of un-
certainty, but uncertainty does not always lead to risk.
For example, partial availability of statistical data if
there is no complete confidence in the parameters. The
R-U intersection shows that risk is a quantitative aspect
of uncertainty and corresponds to a situation of partial
uncertainty; risk and fuzzy information (R-F): fuzzy in-
formation can increase risk because it makes it difficult
to accurately assess the probabilities and consequenc-
es of events. For example, decisions with probabilistic
estimates but fuzzy criteria or results; uncertainty and
fuzzy information (U-F): fuzzy information increases the
level of uncertainty because it makes it harder to make
decisions. In this case, this means a complete lack of
certainty in the context of fuzzy information; risk, un-
certainty, and fuzzy information (R-U-F): the most diffi-
cult case is when all three information decision-making
situations are present. The common area of the three
information situations indicates that the presence of
fuzzy information simultaneously increases the level
of uncertainty and risk. The intersections of the com-
ponents of the R-U-F model reflect the relationships
between information decision-making situations under
conditions of risk, uncertainty, and fuzzy information.

RESULTS AND DISCUSSION

The “R-U-F” model of possible information deci-
sion-making situations allows classifying known and
creating new decision-making methods according to
the type of situation. The above model can also serve
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as a basis for the development of adaptive information
technology, which allows choosing or combining meth-
ods depending on the presence of R, U, and F factors
in the decision-making problem being solved. In order
to implement the capabilities provided by the “R-U-F”
model, it is necessary to make a formal description of
all information decision-making situations presented
in Fig. 1: R, U, F,R-U, R-F, U-F, R-U-F.

1.Model of the information situation of deci-
sion-making under risk conditions (R):

MISDMR={A, 6, P, F}, (5)

where A, 0, F - sets of the form (2), (3), (4) accordingly,
P - set of risk levels, which depend on the probability of
possible occurring states 0 of environment E:

P={p.,py-s Psh (6)

p;= p (O ) probability of occurrence of the condition 6
enwronment E, j = 1,S that satisfy the condition:

p€l0; 1.3 ,p=1, )

F - evaluation functional of the form (4).
2.Model of the information situation of decision-mak-
ing under conditions of complete uncertainty (U):

MISDMR ={A, 6, U, F}, 8)
where U - set of levels of uncertainty of the environment E:

U={u, Uy, ugl, ©)

which corresponds to a situation of complete lack of

information about the risk levels P={p,, p,,..., p}, in this
case, as a rule:

u=p= 1/S. (10)

3.Model of the information situation of deci-

sion-making under conditions of fuzzy information (F):

MISDMR={A, 0, L, Fu}, (11)
where in the evaluation functionality values Fu:
fIJU lulj ,U(A 0) = W'} = ﬁ’ (12)

are fuzzy estimates that characterise the “gain” or “loss”
of the decision-maker when choosing a decision A, if the
environment will be (or is) in the state of 6, presented in
the form of linguistic assessments from the set:

L={L,L,...,L}, (13)

172

that is p; € L,i=1,N,j = 1,S, with fuzzy estimates
from a set of linguistic assessments L in calculations,

they can be represented, in particular, in the form of
triangular, or trapezoidal fuzzy numbers.

4.Model of the information situation of decision-mak-
ing under conditions of partial uncertainty (R-U):

MISDMR=1{A, 6, P, U, F}, (14)
where P — multiple risk levels:
P={p,p,....p}, 1<k<S, (15)

p= p(@) probability of occurrence of the condition 0
of environment £ that satisfy the condition p, € [0; 1]
j =1k, U- set of levels of partial uncertalnty of the
form:

U={u,, U, s Ul (16)
where:
u; = Pzi—:kl”r,u,- €01, j=k+LS, (17)
with this:
Yo Py U=l (18)

5.Model of the information situation of deci-

sion-making under risk and fuzzy information (R-F):

MISDMR={A, 0, P, L, Fu}, (19)
where the set P is defined by the relations (6), (7), L - set
of fuzzy estimates of the form (13), and in the evalua-
tion functional Fu the quantities f,u,./.=u,./. - fuzzy esti-
mates corresponding to condition (12).

It should be noted that there may be situations
when the evaluation functionality Fu of part of the val-
ues f,u,./.=f/J (A, 6) may be clear estimates f,.j=f(A,., 6),and
some of the fuzzy estimates:

fu,=u,=u(A,0),where i#k,j#l.

K

(20)

In such situations, it is necessary to perform the
procedure for phasing values fl.j.=f(A,., 6) for the purpose
of further use in calculations of fuzzy numbers.

6.Model of the information situation of deci-
sion-making under conditions of uncertainty and fuzzy
information (U-F):

MISDMR={A, 6, U, L, Fu}, (22)
where the set U meets the conditions (9), (10), L - set
of fuzzy estimates of the form (13), and in the evalu-
ation functional Fu he quantities f,u,.j.=,u,,j - fuzzy esti-
mates that meet condition (12), or meet the conditions
of the MISDMRF model, when part of the estimates
flJ,-,- may be clear estimates, and some of them may be
fuzzy estimates.
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7.Model of the information situation of deci-
sion-making under conditions of risk, uncertainty and
fuzzy information (R-U-F):

MISDMR={A, 0, P, U, L, Fu}, (22)
where P - set of risk levels of the form (15), U - set of
uncertainty levels, either complete uncertainty of the
form (9), (10) or partial uncertainty of the form (16), (17),
with elements of sets P and U satisfying condition (18),
L - set of fuzzy estimates of the form (13), and in the
evaluation functional Fu values f,u,./.=u,.j - fuzzy estimates
that either satisfy condition (12), or correspond to the
case when part of the values f,u,./. may be crisp estimates,
and the remaining values are fuzzy estimates, i.e., condi-
tion (20) is satisfied. The MISDMRUF model (22) is a gen-
eralisation of models (5)-(7), (8)-(10), (11)-(13), (14)-(18),
(19)-(20), (21) and it can be adapted to various informa-
tion decision-making situations that correspond to the
information situations of the R-U-F conceptual model.

For the case when the set in (22) P contains S el-
ements, i.e., satisfies conditions (6), (7), and sets U and
L empty (U=0, L=0), and Fu=F type (4), there is an
informational situation of decision-making under risk
conditions. For the case when (22) P=@,L=¢ and Fu=F
of the form (4), that is, conditions (8)-(10) are met, and
an information situation in decision-making occurs un-
der conditions of complete uncertainty. For the case
where in (22) P=0,U=9,L=0 and Fu allfu,j=l1,7 - fuzzy
estimates, i.e., conditions (12)-(13) are met, respective-
ly, there is an information situation of decision-making
under conditions of fuzzy information.

A. Maksymov & Yu. Tryus

For the case when in (22) P=0 (1<k<S),U=0,L=0
and Fu=F of the form (4), i.e., conditions (14)-(18) are
met, then an information situation of decision-making
occurs under conditions of partial uncertainty. For the
case where in (22) the set P has S elements, i.e., satis-
fies conditions (6), (7), set U=, and in the evaluation
functionality Fu values f,u,.j=,u,./. - fuzzy estimates meet-
ing condition (12), or when part of the estimates f,u,.j
there may be clear estimates, and some of them are
fuzzy estimates, i.e., condition (20) is met, then there is
an information situation of decision-making under con-
ditions of risk and fuzzy information. For the case where
in (22) P=0, U meets the conditions (9), (10), L - a set of
fuzzy estimates of the form (13), and in the estimated
functionality Fu values fu,./.=,u,./. - fuzzy estimates that
meet condition (12), an information situation of deci-
sion-making occurs under conditions of uncertainty
and fuzzy information.

If the situations of the set ©® of environment £, so
that the situations are initially located 0/. for which the
probability of theiroccurrenceisknownp=p(6),j = 1, k,
where k<S5, and then located situations 6, j = k + 1,5),
for which the probabilities of their occurrence are
unknown, i.e., a set of levels of partial uncertainty U
of the form (16)-(18) is nonempty, while, for certain-
ty, it is assumed that in the estimated functional Fu
values fui/.=,u,./. (i=1,N,j =1,k) - clear estimates, and
values f,u,./.=ul.j (i=1,N,j=k+1,S) - fuzzy estimates,
then a detailed model of the information situation of
decision-making MISDMRUF under conditions of risk,
uncertainty, and fuzzy information, form (22) is charac-
terised by a matrix of:

0 6, 0, 6, 6,., 6, 6,
P pl pZ pk uk+1 uk+2 uS
Al fll le flk lU1k+1 p1k+2 /JlS
AZ f21 f22 ka 'u2k+1 IJZk+2 'UZS (23)
AI j;l f;’Z ﬁk 'Uik+1 IJik+2 :U,'S
AN le fNZ ka 'uNk+1 HNk+2 'UNS

Figure 2 shows a model of the decision-making
process under risk, uncertainty, and fuzzy information
(MDMPRUF) that integrates the set-theoretic R-U-F
model (Fig. 1) and the generalised model of the infor-
mation situation of decision-making MISDMRUF (22).

The key features of the decision-making model un-
der conditions of risk, uncertainty, and fuzzy informa-
tion are versatility, flexibility, and integrativity. Versa-
tility is shown when considering various combinations
of information situations (R, U, F and their combina-
tions), which allows covering a wide range of prac-
tical tasks. Flexibility is provided by the presence of
several categories of methods, which allows adapting
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the approach to the specifics of a particular task. In-
tegrativity consists in aggregating results using mul-
tiple methods, which increases the reliability of the
final solution. This model fully reflects the logic of
building information technology for decision-making
in complex environments and can be used as a basis
for implementing decision support systems (DSS) in
various industries. The main stages of implementing
a model of the decision-making process in conditions
of risk, uncertainty, and fuzzy information, which cor-
responds to the proposed conceptual model R-U-F of
possible information situations of decision-making,
are given below.
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Decision-making problem formulation

Problem analysis and definition
of the information situation

R-U R-F

U-F ‘R-U-F

A 4

Classification of decision-making problem

F 3

!

Modeling of the decision-
making problem

A 4

Selection of decision-
making methods

Traditional Modified

Combined Hybrid

ultiple
methods
elected

—No

A 4
Solving the problem usin%
the selected method

Yes

Determining method
weights

Y
Solving the problem using
the selected methods

A 4
Aggregation of results
obtained by different methods

Presenting the results and providing
recommendations

Figure 2. Model of the decision-making process under conditions of risk, uncertainty,
and fuzzy information (MDMPRUF)

Source: created by the authors based on A.Y. Maksymov (2025)

Stage 1. Decision-making problem formulation.
This stage defines the context and conditions in which
the decision is made. A correctly formulated problem is
the key to the effectiveness of subsequent analytical
and computational procedures. The main steps of prob-
lem formulation are given below.

Step 1.1. Defining the purpose of decision-mak-
ing. The very first task is to clearly define the main
goal (or set of goals), the achievement of which is
necessary within the framework of a problem situ-
ation, that is, the goal can be either single-goal or
multi-goal.
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Step 1.2. Defining a set of alternatives. This step
describes a set of possible alternative solutions that
are considered during the selection process. Alterna-
tives can be discrete (for example, specific solutions)
or continuous (when the solution belongs to a specific
range of values).

Step 1.3. Defining restrictions and acceptable de-
cision-making areas. At this step, the constraints cor-
responding to the problem condition are formulated.
These can be: strict constraints (for example, budget
constraints, technical requirements); fuzzy constraints
(for example, acceptable risk limits described in fuzzy
sets). At this stage, it is important to define a valid area
that defines the space of possible solutions.

Step 1.4. Defining the goal of the decision-making
task. The decision-making task implies the existence of
a clearly formulated goal, according to which alterna-
tives are evaluated. As a rule, this goal is to choose the
best alternative according to the specified criteria.

Stage 2. Problem analysis and definition of the in-
formation situation. This stage combines two important
tasks: deep analysis of the task and determination of
the information situation of decision-making. The pur-
pose of this stage was to investigate in detail the ini-
tial data, requirements, and conditions of the problem
to create a complete picture of the problem and its
context. This allows laying the foundation for the next
stages and ensuring its relevance and compliance with
real conditions.

Task 2.1. Task analysis. This task was aimed at a
comprehensive investigation of the problem being
solved, in order to clearly understand it and determine
key parameters, and involves performing several steps:

Step 2.1.1. Analysis of goals and objectives. At this
stage,the industry or sphere within which the task arose
is defined, a specific problem that needs to be solved is
outlined, and the main goals of the task are analysed,
which will determine the area of decision-making, for
example: improving efficiency, minimising costs, reduc-
ing risks, etc.

Step 2.1.2. Identification of stakeholders. The sub-
jects that are affected by the task (the company’s man-
agement, government agencies, the public, etc.) and
whose interests can influence the criteria and choice of
solutions are identified.

Step 2.1.3. Assessment of the complexity and struc-
ture of the task. The nature of the alternatives (discrete
or continuous), the number of criteria, the presence of
a multi-level task structure, and possible conflicts be-
tween criteria are analysed.

Step 2.1.4. Defining restrictions. Restrictions that
affect the task are highlighted.

Task 2.2. Determination of the information situa-
tion of decision-making. This task is to determine the
nature of available information about alternatives, cri-
teria, and decision-making environments. When solving
this problem, the type and type of information situation
of decision-making is identified. Both individual types
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of these situations (R, U, F) and their combinations (R-U,
R-F, U-F, R-U-F) are taken into consideration. Analysis
of the information situation of decision-making allows:
avoiding erroneous application of methods that do not
correspond to the real conditions of the task; ensuring
the adequacy of the task model to the real situation;
responding to changes in the information environment
through the possibility of repeated analysis.

Solving this problem allows clearly structuring
the main components of the task, consider the exist-
ing limitations and conditions of risk, uncertainty, and
fuzzy information that affect decision-making. This
task is aimed at determining the available informa-
tion about the situation, which makes it possible to
form a reasonable strategy for further actions based
on it. Defining a situation usually involves identifying
and evaluating the main factors that influence deci-
sion-making, and the degree of confidence or risk as-
sociated with each of them. After the analysis, a cer-
tain information situation is recorded, which makes it
possible to perform further actions. This task involves
performing the following steps.

Step 2.2.1.Evaluation of available information.
At this stage, it is important to evaluate exactly what
data is available for analysis. These can be statistics,
expert assessments, previous experience, or actual ob-
servations. If the information is incomplete or fuzzy, it
is necessary to specify the exact nature of its uncertain-
ty or imprecision. This assessment facilitates informed
decision-making and ensures that associated risks are
properly considered.

Step 2.2.2. Classification of the type of input infor-
mation. At this stage, the types of information that the
model will work with are determined: clear informa-
tion - when the values of all parameters of the situation
are known accurately; fuzzy information — when there
is ambiguity or indistinctness in determining the val-
ues of parameters, which requires the use of fuzzy log-
ic; information with elements of uncertainty - when it
comes to the lack of sufficient data or uncertainty about
the possible consequences of specific alternatives; in-
formation with elements of risk - when the probability
of occurrence of various states of external conditions is
known, to which statistical or other type of analysis can
be applied to assess the probabilities of risk.

Step 2.2.3.Identification of critical parameters
and factors. After determining the type of input infor-
mation, it is important to identify key factors that may
influence the decision-making process. These can be
both internal and external factors. Each of the factors
should be analysed for their impact on the choice of
alternative solutions.

Step 2.2.4. Determining the level of confidence in
data. An important step is to determine the degree of
data reliability, which allows distinguishing between
important and less significant aspects of the situation.
This is especially important when using fuzzy or incom-
plete information.
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Step 2.2.5. Creating a context for problem formula-
tion.The final step of task 2.2 is to create an information
context for the next steps. This means a clear under-
standing of the information situation of decision-mak-
ing with all its parameters and factors, which allows
accurately formulating the problem and determining
which actions will be most effective. The context in-
cludes both informational and situational aspects that
form the basis for decision-making.

Stage 3. Classification of decision-making problem.
As a result of completing the previous stages, the task
belongs to a certain type of information situations in
decision-making.

Stage 4. Modeling of the decision-making prob-
lem. At this stage, a mathematical model of the deci-
sion-making problem is created that coincides with one of
the developed models: MISDMR (5)-(7), MISDMR (8)-(10),
MISDMR (11)-(13), MISDMR (14)-(18), MISDMR (19)-(20),
MISDMR (21), MISDMR (22).

Stage 5. Selection of decision-making methods. At
this stage, one or more methods are selected that most
adequately consider the specifics of the problem model
(22), (23), the type of input information, risk and uncer-
tainty conditions, and requirements for accuracy, relia-
bility and speed of obtaining results.

Stage 6. Analysis of the number of selected meth-
ods. If one method is selected to solve the problem,
then step 6.1 is performed. If more than one method is
selected, step 6.2 is performed.

Step 6.1. If one method is selected to solve the prob-
lem, then the user applies the DSS to solve the problem
using the selected method and proceeds to stage 7.

Step 6.2. If more than one method is selected, the
following sub-steps are performed.

Sub-step 6.2.1. Determining method weights. De-
termining the weights of methods allows quantifying
their relative significance and coordinating their contri-
bution to the overall solution. For example, the weights
of methods can be calculated by comparing them in
pairs using the hierarchy analysis method.

Sub-step 6.2.2.Solving the problem using the
selected methods. The user applies the DSS to con-
sistently solve the problem for each of the selected
methods. At this stage, information technology should
load input information and, if necessary, adapt it to the
requirements of specific method classes. Specifically,
for methods operating under conditions of fuzzy infor-
mation, it is necessary to fuzzify the data, i.e., convert
precise values into a fuzzy format using the framework
of fuzzy sets. In cases where the input data is already
provided in a fuzzy form, but methods that do not incor-
porate fuzzy set mechanisms are applied, it is necessary
to defuzzify the data, i.e., convert fuzzy estimates into
precise values.

Sub-step 6.2.3. Aggregation of results obtained by
different methods. At this step, the results obtained by
different decision-making methods are integrated into
a single consistent solution that considers the impact of

each method according to certain weights. The results
of each method can be presented at different scales
(ratings, utility function values, fuzzy estimates, etc.). To
ensure correct aggregation, they are brought to a com-
mon unified scale (for example, normalized within the
range [0;1]). The results of each method are then mul-
tiplied by the corresponding weighting factor, which
reflects its significance in the overall decision-making
model. This ensures a balance between methods with
different influence on decision-making.

Stage 7. Presenting the results and providing rec-
ommendations. DSS generates recommendations for
choosing the best alternative based on the results of
calculations performed in previous stages. The devel-
opment of recommendations is based on the results
of applying decision-making methods selected by the
user, which can be presented as a vector of priorities,
ranks, etc. Providing recommendations completes the
decision-making cycle by translating formalised calcu-
lations into practical steps.

The generalised model of the information situ-
ation of decision-making MISDMRUF (22) integrates
models of other information decision situations that
correspond to the information situations of the R-U-F
conceptual model, since it includes all their key com-
ponents. In particular, in the absence of fuzzy estimates,
the model is reduced to a model of a decision-mak-
ing problem under risk or uncertainty conditions, and
in the absence of stochastic factors, to models of deci-
sion-making problems in a fuzzy environment. Conse-
quently, the MISDMRUF (22) model provides a single
formal basis for describing a wide range of information
situations of decision-making. In turn, the MISDMRUF
model can be interpreted as a model of a decision-mak-
ing problem that formalises the process of choosing an
alternative in conditions of simultaneous presence of
risk, uncertainty, and fuzzy information.

The practical value of the proposed MISDMRUF
model lies in the fact that it allows systematising the
process of analysing the information environment of
the problem and provides a methodological basis for
choosing effective decision-making methods. Simul-
taneously, the limits of application of the model are
determined by the class of decision-making problems
in complex information conditions. The model is pri-
marily focused on tasks that combine statistical data,
expert assessments, and fuzzy information, which is
typical for managerial, economic, engineering, and so-
cio-economic systems.

The results of the study are consistent with the an-
alysed literature, which also emphasises the need to
systematise and formalise information situations in or-
der to increase the validity of decision-making. S.A. Us
& L.S. Koriashkina (2018) investigated typical informa-
tion situations that arise in the process of choosing al-
ternatives, in particular, in conditions of risk, uncertain-
ty, and fuzzy information. The researchers emphasised
the need to formalise input information, which allows
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for a more systematic approach to the decision-making
process and increases the accuracy of evaluating al-
ternatives. O.F. Voloshyn & S.0. Mashchenko (2018) re-
viewed the fundamentals of decision theory, including
basic principles, utility theory, expert procedures, and
approaches to decision-making in terms of certainty,
conflict, and fuzzy information. Their study demonstrat-
ed the relevance of systematising information and us-
ing structured approaches to improve the effectiveness
of the decision-making process.

S.K. Kaya et al. (2022) proposed a hybrid model
of fuzzy multi-criteria decision-making based on the
Fuzzy Best-Worst Method (F-BWM) and RAFSI, focused
on considering the uncertainty of expert assessments
and improving the stability of ranking alternatives.
The results showed the effectiveness of integrating
fuzzy approaches to accurately evaluate alternatives.
The MISDMRUF model developed in this study extend-
ed this approach by integrating risk, uncertainty, and
fuzzy information, and their combinations, allowing
for systematic classification of information situations
and the choice of appropriate decision-making meth-
ods. M. Aregbesola et al. (2025) applied fuzzy logic to
risk management in project tasks, demonstrating the
effectiveness of quality information processing and
risk assessment in various scenarios. In comparison,
the MDMPRUF model focuses on formalising the de-
cision-making process, providing the ability to use
multiple methods to select alternatives and aggregate
results. This approach increases flexibility and practi-
cal applicability in complex environments of risk, un-
certainty and fuzzy information.

A. Puska et al. (2022) proposed a hybrid Z-num-
bers — Fuzzy LMAW - Fuzzy CRADIS model that con-
siders both the fuzziness and reliability of expert
assessments. The conducted experiments showed
the stability of the model and the ability to reduce
the level of uncertainty. MISDMRUF in this study
combines these factors together with risk and un-
certainty, which allows comprehensively classifying
information situations and choose methods based
on their characteristics. MDMPRUF, in turn, formal-
ises the decision-making process and provides mul-
tiple methods with the ability to aggregate results,
increasing efficiency and practical applicability. The
study by A. Ali et al. (2024) proposed a three-step
method of multi-criteria decision-making using fuzzy
soft relations and additive consistency, which allows
simultaneous ranking, classification and selection of
alternatives in complex information situations. MISD-
MRUF extends this approach by integrating risk, un-
certainty, and fuzzy information into a wider range of
situations, while MDMPRUF focuses on formalising
the decision-making process and aggregating results
to improve the accuracy of evaluating alternatives.

M. Kozielski et al. (2026) considered aggregation
functions for working with fuzzy data, improving the con-
sistency and interpretability of solutions. The MISDMRUF
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model integrates aggregation into the broader context
of information situations, combining risk, uncertain-
ty, and fuzzy information to ensure a systematic and
consistent decision-making process. |. Hasiuk & O. Iva-
nii (2024) analysed the combination of qualitative and
quantitative criteria and the integration of various logic
systems in multi-criteria control problems. The results
showed that the effectiveness of decision-making de-
pends on the standardisation of procedures and a clear
distribution of roles. MISDMRUF complies with these
principles by integrating various methods and criteria
into a single system, which increases the structure and
efficiency of alternative selection.

The study by O. Syniuk (2025) analysed the relation-
ship between cognitive factors and analytical methods,
demonstrating how peer review and cognitive biases
affect the choice of alternatives. The MISDMRUF model
takes these aspects into account by combining informa-
tion situations of decision-making in conditions of risk,
uncertainty and fuzzy information, which increases the
reliability of results and practical effectiveness of deci-
sion-making. The study by M. Aslantas et al. (2025) pro-
posed an integrated fuzzy multi-criteria approach for
assessing the potential risks of autonomous vehicles,
which considers expert assessments and optimistic and
pessimistic scenarios, demonstrating the effectiveness
and rationality of the choice of methods in the anal-
ysis of complex and uncertain information situations.
R. Rajesh (2024) analysed decision-making methods in
conditions of uncertainty during pandemics using Grey
models, which demonstrated the effectiveness of these
approaches for decision-making in complex and incom-
pletely defined information situations.

J. Wieckowski et al. (2025) proposed the Fuzzy
RANCOM method for modelling uncertainty in deci-
sion-making processes, which provides effective de-
termination of the weights of criteria and reduces the
impact of inaccuracies in expert assessments, demon-
strating the applicability of fuzzy multi-criteria ap-
proaches in complex and incompletely defined infor-
mation situations. Thus, research by R. Rajesh (2024),
VJ. Montero et al. (2025), M. Aslantas et al. (2025) and
J. Wieckowski et al. (2025) demonstrated the practical
effectiveness of risk and uncertainty modelling, with
MISDMRUF consistent with these approaches, provid-
ing an integrated assessment of risk, uncertainty, and
fuzzy information, and MDMPRUF formalising the de-
cision-making process and enabling multiple methods
with aggregated results to improve efficiency.

The results of the study showed that the MISDMRUF
and MDMPRUF models, on the one hand, are consistent
with a number of classical and contemporary studies in
the field of decision-making, and, on the other hand, fill
in existing gaps, providing a systematic and integrated
approach to the classification of information situations
of decision-making and the choice of decision-making
methods under complex conditions of risk, uncertainty,
and fuzzy information.




Models of information situations of decision-making...

CONCLUSIONS

As a result of the research conducted based on the
conceptual model R-U-F, mathematical models of all
possible information decision-making situations were
constructed: R, U, F, R-U, R-F, U-F, R-U-F. A generalised
model of the information situation of decision-making
MISDMRUF of the form (22), (23) was also presented,
which can be interpreted as a problem of single-crite-
ria decision-making under conditions of risk, uncertainty,
and fuzzy information. A model of the MDMPRUF deci-
sion-making process was developed, focused on the con-
ditions of risk, uncertainty, and fuzzy information, which
used the proposed mathematical model of possible infor-
mation situations of decision-making of the MISDMRUF
type. The MDMPRUF model provided for the possibility
of using one or more methods for selecting alternatives,
in particular, traditional, modified, combined, and hybrid
decision-making methods, the results of which can be
aggregated. The proposed model of the MDMPRUF de-
cision-making process defines its main tasks, and struc-
tures the sequence of key stages and steps necessary for
solving the choice problem in complex information con-
ditions. It can be the basis for the development of adap-
tive information technology, which will allow choosing
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Mogaeni iHpopMauinHUX CUTyaLin NPUNHATTS pilleHb
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AHoTauif. AKTyanbHiCTb 3yMOBNAEHA NOTPEDHOK y CTBOPEHHI MAaTEMATUUYHOIO 3a6€3Ne4YeHHs KOHLENTYaAbHOro Niaxoay,
K1 61 L03BOMMB CUCTEMATM3YBATH iHOOPMALiIMHI CUTYaLii MPUIAHATTS pilleHb B yMOBAX PU3UKY, HEBU3HAYEHOCTI,
HeviTKoi iHpopMaLii Ta 3abe3neuns o6rpyHTOBaHMI BUOIp MeTOLIB ANS PO3BA3aHHS NPAKTUYHMX 33434 NPUAHATTS
pileHb y LuMxX cuTyauisx. MeTa nongrana B po3pobui MateMatMuHnX Moaenen iHpopMaLiMHUX CUTYaLiN NPURHATTS
pilleHb B YMOBaX pU3MKyY, HEBU3HAYEHOCTI, HeuiTKoi iHdopMaLii Ta iX MOXIMBMX KOMBiHALIN, @ TaKOX Yy o6y OoBi
Ha iX OCHOBI MogZeni Npouecy NPUNHATTS pilleHb, Wo nepeabdayae MOXIIMBICTb 3aCTOCYBaHHS KiIbKOX METOAIB
BMOOPY anbTEPHATUB i arperyBaHHs ix pe3ynbTaTiB 4Ns NigBULLEHHS eeKTUBHOCTI NPUMHATTS pilleHb. MeTononoris
[OCNiAXKEHHS I'PYHTYBafacad Ha CUCTEMHOMY NiAXOA4i i3 3aCTOCYBAHHSIM TeOpii MHOXWH, Teopii MMOBIpHOCTEN,
Teopii HEYITKUX MHOXMH, TeOpii i MeTOAIB NPUMHATTS pilleHb, MaTEMATUYHOIrO MOAEN0BaHHA Ans popManisauii
iHbOpMaLiMHMUX CUTYaLlih NPUIAHATTS pileHb. Po3pobneHo MaTeMaTUyHi Mogeni iHhopMaLiMHMX CUTYaLid MPUIAHATTS
piweHb B ymMoBax pu3nky (Risk, R), noBHoi HeBn3HaueHocTi (Uncertainty, U), HediTkoi iHpopMauii (Fuzzy, F), a Takox
MOXNTMBUX KOMBiHaLin cutyauin: R-U, R-F, U-F, R-U-F. Y3aranbHeHy Mogenb iHPOpMaLiMHUX CUTYaALLIA NPURHATTS
piweHb R-U-F (MISDMRUF) iHTeprnpeToBaHo sk MoAeNb 3aAa4i NPUAHATTS pilleHb, Wwo dopmarnisye npouec Bubopy
anbTepHaTMBM B YMOBAX OAHOYACHOT HASBHOCTI pM3KMKY, HEBM3HAUYEHOCTI Ta HeYiTKoi iHpopMauii. Lle po3sonnno
BMKOPMCTOBYBATM HasiBHi Ta CTBOPIOBATU HOBI METOAM NPUNHATTS pilleHb 3aN1€XKHO Bif, XapaKTepucTmK iHPopMaLinHoi
CUTYaLiT NPUIHATTA pilleHb. 3anpONOHOBAHO MOAENb MPOLECY MPUAHATTS PilleHb B YMOBAX PU3MKY, HEBU3HAYEHOCTI Ta
HeuiTKoi iHpopmauii (MDMPRUF), Bu3HaueHo ii 3aBaaHHSA, OCHOBHI eTanu peanisauii Ta K4oBi 0co06iMBOCTI, 30KkpeMa
YHiBEpCanbHiCTb, THYYKiCTb Ta iHTErpaTUBHICTb. Pe3ynbrati 3acBigumnu, Wwo 3anponoHoBaHi Mogeni MISDMRUF Ta
MDMPRUF y3romxxyoTbcsl 3 pSAOM AOCNIOXKEHb Y TEOPii NPUMHATTS pilleHb, aJie BOAHOYAC 3aM0OBHIOKTb HasABHI
NporanuHu, 3abesneyyroym CUCTEMHUI, iIHTErPOBaHUM Niaxig A0 knacudikauii iHPoOpMaLiMHUX CUTYaLIN NPUAHATTS
pileHb Ta BUOOpY METOLIB NPUAHATTS pilleHb Y CKIagHUX YMOBaxX pU3MKY, HEBU3HAYEHOCTI M HeYiTKoi iHdopMauii.
3anponoHOBaHi MaTeMaTUYHi Moaeni Ta BiANOBIAHWM NiAXig 4O PO3BY3aHHS 33434 NPUMAHATTS pilleHb MOXYTb CTATH
OCHOBOO AN5 CTBOPEHHS iHDOPMALLIMHUX TEXHONOTIM NIATPUMKM MPURHATTS pilleHb Y CKNaAHMX YyMOBaX

KntouoBi cnosa: MatematuyHi Mogeni; Mmoaeni NiATPUMKKM NPUAHSATTS pilleHb; METOAM NPUNHATTA pilleHb; CUCTEMMU
NiATPUMKN NPURHATTS pilleHb; iHhOopMaLiiHi TexHonorii
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