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The study considers approaches to the implementation of the method of analyzing hierarchies
and develops a mathematical model for solving management decision-making problems, namely
choosing the optimal development project of a hotel business enterprise from several alternative
projects.

The work also tested the technique of six filters, which combined the consistent use of all stan-
dard decision-making criteria under conditions of uncertainty, namely, the Wald, Savage, Hurwitz, av-
erage risk, Bayes-Laplace, Hodge-Lehmann criteria to confirm the consistency of the obtained results.
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Y pobomi docrioocero nioxoou wooo peanizayii memooy ananizy iepapxii i po3pobieHo ma-
memMamu4ny MoOeib po38 A3aHHA 3a0ay NPULIHAMMS YRPAGTIHCLKUX pilleHb, a came eubopy onmuma-
JILHO20 NPOEKMY PO3GUMKY 3 OEKLIbKOX AbMEPHAMUBHUX NPOEKMIE.

Tpu suxonanui 00CHIONHCEHHS OYN0 NPOAHANIZ08AHO MEMOOUKY 3ACMOCYBAHHS MemOoQy aHAli-
3y iepapxii (MAI), ti020 0CHOBHI XapakmepucmuKu ma cmpykmypy, nioxoou 00 6UKOHAHHSA NONAPHUX
nopienans 6 MAI, npoyedypy susnauenns éexmopa npiopumemie ma OYiHIOBAHHS MIpU HO200IHCEHOC-
mi ompumarux oyiHok. B pobomi 6yna anpobosana memoouxa wecmu Qinompis, ujo NOEOHANA NOCI-
0086He GUKOPUCMAHHSA 8CIX CTMAHOAPMHUX KPUMePiie NPULHAMMS pilensb 8 yMO8ax HeGUIHAUeHoOCmi, a
came, kpumepii Yanvoa, Cesiooca, I'ypsiya, cepeonvoeo pusuxy, beiieca-Jlannaca, Xooxca-Jlemana.

3a oanoro memoouxow 6yn0 po3pobieno mooerb Ok ONMUMATLHOZO SUOOPY NPOSHO3ZHO20
NPOEKMY PO3GUMKY NIONPUEMCIMBA 20MENbHO20 Oi3HeCy, NepesipeHo 1020 Y32004CEeHICMb 3 pe3yib-
Mamamy MemoOuKyU UKOPUCMAHHS wiecmuy (Qibmpie-Kpumepiie nPUtiHAmMms piuleHb @ YM0o8ax Heau-
3Hayernocmi. 3a60saKu 3acmocoganiti memoouyi MAI moxcaueo me nuwe GUKOHAMU NPOSHO3YBAHHS |
BUZHAYUMU ONMUMATLHULL NPOEKM YU HANPAM PO3GUMKY, A Ul GUSHAYUMU THEXHOI02TI0 KOPUSY8AHHS —
BNIUBY HA cucmemy OISl peanizayii 6axicanoeo npoeKmy Yu ACUMIIAYIL OeKiIbKOX NPOEKMIB 3 GUCOKOH)
timosipnicmio ycniwnoi peanizayii. IIpu 6UKOHAHHI NONAPHUX NOPIGHSHbL HA KONCHOMY DI6HI Oy1u u-
3HAYEH] HAUBANCIUBIULT YUHHUKYU 6NIUEY HA OOCTIONCYBAHUL NOKAZHUK, WO MAKOIC € KOPUCHOIW THpO-
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PMayiero 01 aOMIHiCmpayii RiONPUEMCBA 01k HACMYNHUX AHATTMUYHUX O0CTIONCEHb | KOPUSYBAHHSL
NPOEKMY PO3GUMKY Y GUNAOKY 3MIH HA NeGHUX PieHAX iepapxii. YucenvHi po3paxynku OY10 6UKOHAHO 8
cucmemi komn romeprnoi mamemamurxu MathCAD i ¢ ET Excel.

3anpononosana moldenv modice Oymu 3aCmMOCO8ana OAs PO36 SI3aHHA 3a0ay NPULHAMNIL
VIPABNIHCOKUX PileHb NPU NPOSHO3VEAHHI OISIbHOCMI, 6UOOPY ONMUMATLHO20 NPOEKMY NOOATLUO20
PO3BUMKY NIONPUEMCINEG 20MENLHO20, BUOABHUYO20, PECHOPAHHO20 Oi3HeCy ma iHWUX; 015 GUABTEHHS
HAUBANCIUGTUIUX YUHHUKIG 6NAUBY HA CKIAO08I NPOSHOZHO20 NPOEKMY, WO € KOPUCHUM NPU BUHUKHEH-
HI HeOOXIOHOCMI KOPUSYBAHHS 0OPAHO20 NPOEKMY 8 NPOYeCi 1020 peanizayii.

Knrwouosi cnosa: memoo ananizy iepapxii, wxanra Caami, gexmop npiopumemis, Mampuys yi-
Jell, IHOeKC N0200NHCEeHOCMmI, 6UNAOKOB8ULL IHOEKC.

Problem’s Formulation

When modeling enterprise development strategies, when making management decisions, there is
a need to take into account a large number of influencing factors and develop various scenarios of system
development, since the studied processes have a high level of uncertainty. Uncertainty arises in the tasks
of making management decisions, in which the expert, the evaluator does not know the entire set of in-
fluencing factors, which, in addition, can themselves change and depend on other factors. The situation
of uncertainty is characterized by the fact that the choice of a certain project can lead to any result from a
certain set of consequences. Therefore, approaches for the development of mathematical models of ma-
nagerial decision-making under conditions of uncertainty are currently urgent and relevant.

Analysis of recent research and publications

The analytical hierarchy process is one of the best methods for solving multi-parameter prob-
lems under conditions of uncertainty [1]. The AHP was proposed by the American mathematician
Thomas Saati, who had an idea based on the principle of prioritization. This opinion was later formed
in the AHP. The analytical hierarchy process is considered a general approach to measurement theory,
it is used to create scales that make it possible to perform both discrete and continuous pairwise com-
parisons in hierarchical structures [2].

The decision-making process in the AHP combines psychological aspects and mathematical
apparatus, since the compared indicators receive expert evaluations in accordance with the researchers'
understanding of the problem. Then the received information is structured and analyzed using the ma-
thematical apparatus of linear and vector algebra. This method makes it possible to check the consis-
tency of the expert's assessments. With the help of the AHP, the investigated system or problem is pre-
sented in the form of a hierarchy, which allows avoiding complex comparisons by replacing them with
pairwise comparisons. For this, matrices of pairwise comparisons are built, which is not a difficult task
for experts.

Formulation of the study purpose

The purpose of the work is to research the methodology of implementing the hierarchy analy-
sis method and its application for modeling management decision-making problems.

The object of the research is the implementation of the method of the analytical hierarchy
process (AHP) for modeling the tasks of making managerial decisions. The subject of the research was
a set of theoretical and practical questions related to the method of analyzing hierarchies and its im-
plementation by means of linear algebra and checking the consistency of results according to known
decision-making criteria under conditions of uncertainty.

During the work, the following tasks were defined:

— to study and analyze the methodology of the implementation of the AHP, its main characteris-
tics and structure, the method of performing pairwise comparisons in the AHP, the procedure for deter-
mining the vector of priorities and evaluating the degree of agreement of the received assessments;

— to develop a model for solving the problem of management decision-making, namely,
choosing the optimal development project from several alternative development projects of the hotel
business enterprise, verifying the obtained results using the six-filter method.

The work tested the technique of six filters, which combined the consistent use of all standard
decision-making criteria under conditions of uncertainty, namely, Wald, Savage, Hurwitz, average
risk, Bayes-Laplace, Hodge-Lehmann criteria.



Poznin 1. MaTemaTruHe MOJIENIIOBaHHS B IPUPOTHUYMX HayKax Ta iHpopManiiHi TeXHOJOTii 21

Presenting main material

The method of the analytical hierarchy process (AHP) is a systematic procedure that is based
on a hierarchical representation of the elements that make up the essence of a complex problem and an
analysis of the interaction between them.

The problem is split into simpler elements with further evaluation of the relative level of inte-
raction of the objects of the resulting hierarchical structure. The method is based on the principles of
decomposition and synthesis, the implementation of which makes it possible to reduce the number of
possible errors in the process of obtaining information from experts and evaluating the priority of the
level factors and finding alternative solutions [2].

The construction of the hierarchy begins with the definition of the main research problem.
Next, a hierarchy is built — a network containing the goal — the focus of the problem, intermediate
levels (aspects of the goal, criteria), actors — groups of people involved in the system under study,
alternatives that form the lowest hierarchical level. Subordination of elements of lower levels to ele-
ments of higher levels is established. The elements of each level are usually considered to be indepen-
dent, although they may interact with each other. The main task in the constructed hierarchy is to eva-
luate the higher levels, analyzing the interactions of different levels, and not from direct dependence
on elements at other levels [2—6]. For the clarity of the analysis, a structural model of the hierarchical
representation of the components of the problem is being built. The structure of the AHP model of the
decision-making problem in its general form is the diagram shown in fig. 1.

The
Main
problem

Criteria

Actors

Alternatives

Fig. 1. Scheme of the AHP model of the decision-making problem

Consider the structure of the method.

Stage 1: determination of the main problem to be solved, for example, determination of the
optimal development project.

Stage 2: delineation of the general system, definition of forces — criteria by which the quality
of solving the problem will be evaluated.

Stage 3: determination of interested parties of the system — actors, their interests and goals,
division of actors into groups. At the Il and 111 stages, the problem is decomposed and its multi-level
components are determined.

Stage 4: identification of alternatives — predictive development projects, construction of a
hierarchical structure of the problem model.

Stage 5: expert evaluation of advantages: matrixes of pairwise comparisons are built; first, all
factors are compared with each other to determine their importance for the focus of the problem. Then,
similarly, for each of the factors, a pairwise comparison of the actors is performed to assess their in-
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fluence on the factors and a pairwise comparison of alternative projects is performed to determine the
degree of their influence on the actors.

Stage 6: construction of local priorities: in each of the matrices of pairwise comparisons, a
normalized matrix is built, a vector of priorities is determined, the components of which determine the
dominant factors at each level of the hierarchy.

Stage 7: assessment of the consistency of the matrices of pairwise comparisons. For this, for
each matrix and its vector of priorities, a matrix-column of judgments is built and the values of the
agreement index and the agreement ratio are found.

Stage 8: implementation of the synthesis of global priorities. To do this, it is necessary to mul-
tiply the matrix of local priorities of the influence of actors on factors by the matrix-column of the vec-
tor of priorities of the influence of factors on the main problem and obtain the matrix-column of
weighting coefficients. Then multiply the priority matrix of the impact of alternative projects on the
actors by the column matrix of the obtained weighting coefficients. We will get a vector — a column
of priorities that correspond to the received decisions.

Stage 9: formulation of conclusions and proposals for decision-making, generalization of the
main factors of influence at each level of the hierarchy.

Stage 10: formulation of the decision, conclusions of the study, determination of the priority
development project.

After performing all the described stages of the method of analysis of hierarchies, the quantita-
tive results of the importance of each component of the main problem are determined. In this way, the
mathematical tools of linear algebra make it possible to obtain objective quantitative estimates of the
importance of each of the factors and alternative projects. AHP transforms comparisons, which are
often empirical, into numerical values that are mathematically processed using the rules of matrix op-
erations. The ability to transform empirical data into mathematical models is the main advantage of the
method of analyzing hierarchies compared to other methods of comparison [3—6]. The weight of each
factor allows you to assess the importance of each element within the given hierarchy.

After carrying out all comparisons and determining the relative weight between the compo-
nents of each level of the hierarchy, the numerical probability of each alternative — a forecast project
or development strategy — is determined.

The method of analyzing hierarchies when building a scale for different components of a prob-
lem uses a measure of the degree of influence of each factor of one level on the components of a high-
er level or on the final goal. This measure is formed as a result of expressing judgments about the level
of influence of these indicators.

Matrices of pairwise comparisons (MPC) of elements of a certain level are compiled accord-
ing to the results of the evaluators' opinions, but the numerical advantages of the elements evaluated in
pairs are determined according to the ranking according to Saati's psychometric scale [2] (Tabl. 1).

Table 1. Saati scale

Int.en3|ty of relative Characteristic
importance (k)
1 Equally important
3 Moderate advantage
5 A significant advantage
7 A significant advantage
9 A very big advantage
2,4,6,8 Intermediate values
1/k Inverted values

To compare certain level n objects according to the intensity of their influence on a certain in-
dicator of a higher level of the hierarchy, a square inverse-symmetric matrix of pairwise comparisons
is made, the elements of the main diagonal of which are equal to units:
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Each element of the matrix means a measure of the superiority of the factor a; over the factor
a;, which is expressed by the evaluator according to the Saati scale and takes values from 1 to 9. For

1
each element of the matrix, the property is fulfilled: &j; = 2
J
The next step of the research is determining the priority of the criteria, for this a set of local
priorities is compiled from the matrix obtained above. For this:
1) The geometric mean value of the elements of each row of the matrix of pairwise compari-

sons is calculated: V; =Vajq - ajp - .- ajp .1 =12,...,n .

Vi

\Z

As aresult, we get a vector V =
Vn

2) The vector of prioritities is determined. For this the vector V is normalized by dividing each

element by the sum of all its components:

_ Vi

=1
2.V
i=1

With the help of this approach, it is possible to establish the ranking of the importance of ele-
ments in relation to a certain higher-level factor and their relative values.

An important stage of the research is the assessment of the degree of consistency of the ob-
tained values. For this, the agreement index (IA) is calculated. This indicator helps to determine
whether violations of numerical and transitive agreement have occurred.

To find the concordance index value:

1) determine the matrix-column of judgments x to calculate the component of which we add

the elements of each column of the matrix M and multiply by the corresponding component of the
priority vector VP:

VP,

n
Aj=VPj- > aj, j=12,..n;
i=1
2) Calculated

amax=>"1;;
j=L
3) Calculate the index of agreement of local priorities (IA) according to the formula:
Amax—n
IA=——
n-1
where n is the number of compared indicators, that is, the order of the matrix of pairwise comparisons.
To determine whether this agreement is acceptable, the agreement index (1A) is compared
IA

with the random index (IR) and the value of the agreement ratio is calculated: RA:E'

The random index (IR) is the index of agreement, which is calculated for a square in-
verse-symmetric matrix of the nth order, the elements of which are generated by a sensor of ran-
dom numbers evenly distributed over the interval of values
1;1;1;1;1;1;1;1;14 2;3,4,5,6,7,8,9.

98765432
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The ratio of agreement (RA) is considered good if its value is less than or equal to 0,1,
and the degree of agreement is acceptable, and if , then the degree of agreement is considered un-
acceptable and experts need to revise their assessments.

In this study, the problem of forecasting the activity of the hotel business enterprise was
solved using the method of analysis of hierarchies.

Stage 1 — is the definition of the main problem. The focus of the hierarchy, the main
problem of the task is to determine the optimal hotel development project.In the following stages,
the decomposition of the problem is performed.

Stage 2. The choice of indicators — forces, by which the quality of solving the problem
will be evaluated — set K:

k, — price policy (optimal price for accommodation, meals, additional services, promotions);

k, — quality of service (staff, comfort, restaurant service, service in hotel rooms);

ks — loyalty program for regular customers (discounts, priority booking);

k, — safety (hygiene, sanitary safety of catering, personal safety, cyber safety, quality control);

ks — reliable and high-quality suppliers;

ke — organization of time (transfer, additional services, excursions, organizational issues).

Stage 3. Definition of interested parties of the system — actors of the hierarchy, which are
described by the set A:

a; — hotel visitors (recipients of services);

a, — hotel employees;

az — hotel administration;

a, — state bodies involved in the organization and control of hotel activities.

Stage 4. Determination of alternatives — predictive projects and construction of a hierar-
chical structure of the problem.

During the analysis and forecasting of the hotel's activities, 3 forecast projects were de-
veloped: Project 1 "Improvement of basic services, automation and digitization of services",
Project 2 "Extension of additional services", Project 3 "Expansion of business services".

Based on the results of the problem decomposition and the identification of alternatives, a
hierarchical structure of the problem was built (Fig. 2).

Optimal project

Criterion 1 Criterion 2 Criterion 3 Criterion 4 Criterion 5 Criterion 6
— — =
= i — - A m——— = = — =
Actor | Actor 2 Actor 3 Actor 4
Project | Project 2 Project 3

Fig. 2. Hierarchical structure of the problem

After defining the hierarchical model, they proceed to expert evaluation of advantages,
determination of dominant factors at each level of the hierarchy, and verification of the degree of
agreement of the obtained evaluations.

We perform 5—7 stages of the AP3 for elements of the corresponding levels.

The influence of criteria on the focus of the hierarchy. First, a comparison of indicators —
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criteria, which constitute the first level of the hierarchy, is performed to determine the importance
of their influence on the focus — the zero level of the hierarchy. To establish the relative impor-
tance of the elements of the hierarchy — criteria for the focus — the development project, we
build a pairwise comparison matrix (PCM) of the corresponding indicators according to the Saati
intensity scale:

1 2 5 3 4 6
05 1 3 2 3 4
02 033 1 033 02 5
Ml=
033 05 3 1 3 5
025 033 5 033 1 033
016 025 02 02 3 1

We build a vector of priorities by dividing the components of the vector by the sum of its
VS components:

0,386
0,234
0,068
0,182 |
0,077
0,053

From the components of the priority vector, we can see that price policy is the dominant
factor in influencing the development and forecasting of its activity (38.6 %). The quality of ser-
vice (23.4 %) and the safety factor (18.2 %) also have a significant impact.

The index of agreement of local priorities (1A) is calculated according to the formula:
Amax—n _ 6631-6 _ 0631 — 0126,

n-1 5 5
where n is the number of indicators to be compared (at this level of the hierarchy n = 6).
To determine whether this agreement is acceptable, we compare it with the random index
(IR), the value of which at n=6 is equal to 1.24. Agreement relationship:

RA= 0126 =0102~01.

VP =

IA=

So, degree of agreement is high.

Influence of actors on criteria. We perform a pairwise comparison for each indicator-
criterion to determine the level of intensity of influence of the actors on the factors and determine
the dominant elements in each comparison and build matrices of pairwise comparison of the level
according to the algorithm given earlier. Based on the results of the research, we compile a matrix
of actors' priorities, each column of which is a vector of actors' priorities relative to the corres-
ponding factor:

0488 0629 0,237 0476 0502 0563
0126 0074 0517 0130 0170 0,227
0274 0200 0077 0072 0068 0128
0112 0,097 0169 0322 0260 0,082

The column values of the matrix can be seen visitors (48,8 %) and hotel administration
(27,4 %) exert the greatest influence on price policy; visitors (62,9 %) and hotel administration
(20 %) have the greatest influence on quality; employees (51,7 %) and visitors (23,7 %) are the
most important factors affecting the loyalty program criterion ks for regular customers; visitors
(47.6 %) and government bodies (32,2 %) have the greatest influence on the safety criterion Ky;

PCM1=
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visitors (50,2 %) and government bodies (26 %) have the greatest influence on the supplier crite-
rion ks; according to the components of the last column of the matrix, we can see that visitors
(56,3 %) and employees (22,7 %) have the greatest influence on the Time organization criterion
ks. The degree of agreement of local priorities for all obtained estimates is high.

The next step is to assess the impact of alternative projects on actors. As a result, we will
get 4 matrices of the third order (since we have 3 alternative projects) and determine the compo-
nents of their priority vectors, which will make up the matrix of actors' goals and show which of
the projects is dominant for which actors. Let's evaluate the degree of agreement between the val-
ues of the provided expert assessments (when n=3, the random index IR= 0,58). The obtained

research results are summarized in a tabl. 2.

Table 2. The results of a pairwise comparison of the impact of alternative development

projects on actors

. Matrices of pairwise Lo Column matrix
Projects comparisons (M,) Vector of priorities (RA)) of judgments ()
a; - hotel visitors (recipients of services)
Project 1 1 5 3 0,637 0,977
Project 2 0,105 0,942
Project 3 M=l 02 1 0333] [g258 1,119
0333 3 1
Admax 3,038
Index of agreement of local priorities (1A1) 0,019
Agreement relationship (RA1) 0,033
a; - hotel employees
Project 1 1 0333 3 0,258 1,119
Project 2 _ 0,637 0,977
Project 3 Mz =) 3 L5 0,105 0,942
033 02 1
A2max 3,038
Index of agreement of local priorities (1A2) 0,019
Agreement relationship (RA2) 0,033
as - hotel administration
Project 1 1 5 05 0,352 1,127
Project 2 _ 0,089 0,976
Project 3 Mz=102 1 02 0,559 0,951
2 5 1
A3max 3,054
Index of agreement of local priorities (1A3) 0,027
Agreement relationship (RA3) 0,046
a, - state bodies involved in the organization and control of the hotel's activities
Project 1 1 0333 02 0,101 0,905
Project 2 _ 0,225 1,203
Project 3 My=13 102 0,674 0,977
5 4 1
Admax 3,085
Index of agreement of local priorities (1A4) 0,043
Agreement relationship (RA4) 0,074
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From the obtained pairwise
comparisons according to the
components of the priority vectors, it was
determined that for visitors the dominant
is the first project (63,7 %), for hotel
employees — the second project
(63,7 %), for the administration and state
bodies — the third alternative project
(55,9 % and 67,4 % respectively). The
ratio of agreement of local priorities for
all matrices of pairwise comparisons is
less than 0,1, which indicates a high level
of agreement of estimates.

We compile a matrix of priorities
of alternative projects (PCM?2) relative to
different categories of actors:

0,637 0,258 0,352 0,101

PCM2=| 0105 0,637 0,089 0,225|
0,258 0,105 0,559 0,674

Each column of which is a vector
of project priorities relative to the corres-
. Fig. 3. Scheme _of synthesis of priorities of pondmg&i'ggotrh);tc,)f ?/\(/:;m;erform 8—10

different levels of the hierarchy stages of the method. At the 8 stage, it is
necessary to carry out a synthesis of prior-
ities (Fig. 3). This procedure in linear algebra corresponds to the matrix multiplication operation.

The obtained system of matrices and their priority vectors allows to perform the analysis
of forecast development projects and to determine the probabilities of their implementation. We
make such an assessment starting from the top of the hierarchy. To assess the degree of impor-
tance of the actors in relation to the factors affecting the development and stable operation of the
hotel, we multiply the matrix on the right, consisting of vectors of actors' priorities for each crite-
rion, by the column matrix, which is a vector of priorities of six factors:

0 - Optimal
project

3 - Alternatives

0,386
0,488 0,629 0,237 0,476 0,502 0,563) | 0,234 0,507

0126 0,074 0517 0130 0170 0,227 ||0,068| |0.150
VWC = PCM1.VP = . _ .
0,274 0,200 0,077 0072 0,068 0128|0182 | |0,183

0112 0,097 0169 0,322 0,260 0,082)|0,077 0,160
0,053

We obtain a matrix-column of the weighting coefficients of the actors' influence on the
success criteria of the forecast development project. The result of the product indicates that actors
— visitors account for 50,7 % of the influence on success criteria, that is, they are the main actors
for the analysis of forecast projects.

Next, we multiply the matrix of priorities of alternative projects (PCM2) with respect to
the preferences of different groups of actors by the matrix-column of the influence of actors on
the success criteria of the forecast development project (VWC):

0,507

0,637 0,258 0,352 0101 0150 0,442
WVP =PCM2-VWC =| 0105 0,637 0,089 0,225 01183 =| 0,201 |
0,258 0105 0,559 0,674 ' 0,357

0160
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In this way, the weight values of forecast development projects (WVP) were obtained,
taking into account all the priorities specified in the statement of the task, which correspond to the
probability of their successful implementation (Tabl. 3).

Table 3. Probability of successful implementation of forecast projects

Projects Weighting Probabilities
coefficients

Project 1 «Improvement of basic services, | 0,442 44,2 %
automation and digitization of»

Project 2 «Extension of additional servic- | 0,201 20,1 %

es»

Project 3 «Expansion of business servic- | 0,357 35,7 %

es»

According to the results of the implementation of the method of analysis of hierarchies,
the first development project is optimal (44,2 %). Thanks to this methodology, it is possible not
only to perform forecasting and determine the optimal project or direction of development, but
also to determine the technology of adjustment — influence on the system for the implementation
of the desired project or assimilation of several projects with a high probability of successful im-
plementation. When performing pairwise comparisons at each level, the most important factors
affecting the studied indicator were determined, which is also useful information for the enter-
prise administration for subsequent analytical studies and adjustment of the development project
in case of changes at certain levels of the hierarchy.

To check the reliability of the obtained management decision according to the AHP me-
thod, we will apply the 6-filter method to determine the optimal hotel development project [7—29].

Development projects consist of a set of actions

D= {dl'dZ' ds}
where d; — improvement of basic services, automation and digitization of services;

d, — expansion of additional services;

d; — expansion of business services.

Each of the action projects can lead to certain consequences, representing a set of
C= {Cl’ Cay C C4}
where ¢; — the implementation of the project will not require additional review within 2—3 years;

¢, — the project needs to be reviewed in a year;

c; — the implemented project must be reviewed after six months;

¢, — the project must be reviewed within 3 months of application.

Taking into account additional information about uncertainty, the probability distribution of
Psi on the set of results for each action — profits and losses — was formed.

Let the following probability distributions for each of the development projects be obtained
for the hotel and restaurant business enterprise using the expert evaluation method:

P, ={0,3,0,35,0,20;0,15 };

P., ={015,0,26,0,34,0,25 };

P.. =1{0,2;0,3,0,3;0,2}

Let the expected profits (thousands of hryvnias) be determined depending on the selected
project and its results, which are given in the table of values of project selection parameters (Tabl. 4).
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Table 4. Set of project selection parameter values (profits)

A set of actions Application results (thousand UAH)

- projects C1 C; Cs C4
ds 65000 50000 45000 27000
d, 38000 42000 47000 35000
ds 40000 33000 31000 44000

Thus, the state for decision-making is described by a matrix
65 50 45 27
A=|38 42 47 35/,
40 33 31 44
where elements aij are expected profits from the i-th profit according to the j-th consequence
(million hryvnias).
We use each of the filters sequentially.
1) Wald's maximum criterion or a variant of extreme pessimism. According to this filter,

the optimal project is the one for which the value of the expected profit is determined by the
formula:

K, = max (_min aij) .
ie1,2,..m\_jel,2,...,n

Therefore, according to this filter, it is necessary:
— For each project, we choose the minimum utility value (million hryvnias):
min Kd, = min {65; 50; 45; 27} = 27;
min Kd, = min{38; 42; 47; 35}=35;
minKd, = min{40; 33; 31; 44} =31.
— Choose the maximum value from the selected minimum values
K, = max{min Kdi} = max{27; 35,31} =35, i=1,2,3.
Hence, according to the Wald criterion, the second project is optimal.

2) Savage's criterion, according to which filtering is directed to the minimum risk. The
optimal project is determined by the formula:

K, = min ( max ( max a; _aij)j'
i€l,2,..m\_jel,2,..n\lil,2,...m
We compile the loss matrix A,, each element of which is equal to the difference between
the largest value of the element of this column and the given element

0 0 2 17
4,=|27 8 0 9]
25 17 16 0

So by this filter
max Zd, = max {0; 0; 2; 17}=17;
max Zd, = max{27; 8; 0; 9} = 27;
max Zd, = max{25; 17; 16; 0} = 25;
K, = min{max zZdi}= min{l7; 27; 25} =17, i=1,2,3.
So, according to Savage's criterion, the first project is optimal.
3) Hurwitz's criterion of optimism-pessimism.

Let's consider the "pessimism coefficient”, in the line of each project (Tabl. 5) we consider
only the smallest and largest value and choose the optimal strategy based on the condition:
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Table 5. Estimated values
criterion (thousand UAH)

for determining the optimal project according to the Hurwitz

A set of ac- The maximum The minimum Calculation of value

tions - projects | value c; value ¢; S, =a-min Kd, + (1- &) - max Kd,
d, 65000 27000 S, =0,3-27000+ 0,7 -65000 = 53600
d, 47000 35000 S, =0,3-35000+0,7-47000= 43400
ds 44000 31000 S;=0,3-31000+0,7-44000 = 40100

K, =max{5360Q 4340Q 40100} =53600Q

So, according to the Hurwitz criterion, the first project is optimal.
4) Medium risk criterion, according to which the optimal project is chosen for which

n
max a; —a; |p;.
e 22 Jo

Let's make an auxiliary table for calculating the estimated values (Tabl. 6).

K, = min

il,2,...m

Table 6. Calculated data for the average risk criterion

A set of actions - Values of strategy selection parameters and corresponding probabilities
projects
d, maxa,; —a,; 0 0 2 17
P, 0,3 0,35 0,2 0,15
d, maxa,; —a,; 27 8 0 9
P, 0,15 0,26 0,34 0,25
ds maxa,; —a,; 25 17 16 0
P3c 012 013 O’3 0’2
n
R, = Y (maxay; -2, )-R; =0-03+0-0,2+2.0,2+17-015 = 2,95,
j=L
n
R, = (maxa,; ~a,;)-P,; =27-015+8-0,26+0-034+9-0,25=838
j=1
n
Ry = Y (maxa,; —ay; )-P,; =25-02+17-03+16-03+0.0,2 =14,9;

=1

K, =

Therefore, according to the medium risk criterion, the first project is optimal.

5) Bayes-Laplace criteria. According to the Bayes criterion for each project, based on the val-
ues in Table 4 and the corresponding probability distribution, we calculate the mathematical expecta-
tion and choose the optimal project according to the formula

Ky =maxM,(c;);
where M; is the mathematical expectation.

To perform calculations, we compile auxiliary tabl. 7.
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Table 7. Estimated values for determining the optimal alternative according to the Bayes criterion

A set of actions - Values of projects selection parameters and corresponding probabilities
projects
s Cy 65 50 45 27
P, 0,3 0,35 0,2 0,15
d; Cy 38 42 47 35
P, 0,15 0,26 0,34 0,25
d Cy 40 33 31 44
P3c 012 013 O’3 0’2

For each project, we calculate the value of the expected profit from its implementation:

3

M, = ZC” -P; =65-0,3+50-0,35+45-0,2+27-0,15=50,05;
=1
3

M, = 2021 -P,; =38-0,15+42-0,26+47-0,34+35-0,25=4135,
j=1
3

M, = ZCBJ- -P;; =40-0,2+33-0,3+31-0,3+44-0,2=30.
j=1

K =max M (c;) = max{50,05; 41,35;30}=50,05.

Therefore, according to the Bayes criterion, the first project is optimal.

According to the Laplace criterion, all the consequences of project application are equally
probable, so P;=0,25. We are recalculating. We obtain the following values of expected profits:

3
M, = c;; Py =0,25(65+50 + 45 + 27) = 46,75;

=

3
M, =Y c,;-P,; =0,25(38+42+47+35) = 40,5,

j=1

3
My = Cyj-Py; =0,5-(40+33+31+44) =37,
j=1
K =max M, (c;) = max{46,75; 40,5; 37}=46,75.
Thus, the optimal project according to the Laplace criterion is also the first project.
6) Khoja-Lehman criterion. According to this criterion, a project that satisfies the formula is
optimal
K, =maxL, = max(\/;aijPij +(@1-v) ,—innnaii)’i =12,.,m,
where the parameter u is the reliability of the applied probability distribution (in the calculations of the

problem, 1=0.95 is taken)
Using the data in Table 7, we calculate the value of L;:

n
L =v) a;PR;+ (1-v) min a; =0,95-5005+0,05-27 = 48,8075,

i1 o

n
L, =v) a,;P,; +(1—-v) min a,; =095-4135+0,05-35=410325
i1 j=L2,..n

n
Ly =vY ayPy; +(-v) min a;)=095-30+0,05-31=30,05

j=1
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Ky =maxL; = max{48,8975; 41,0325, 30,05} = 48,8975.

Therefore, according to the Hodge-Lehmann filter, the first project is also optimal.

According to the used model of six filters, the first project is optimal, which is consistent with
the decision obtained by the method of analysis of hierarchies.

Conclusions

In the work, a model of the implementation of the method of analysis of hierarchies was de-
veloped to solve the problem of choosing the optimal project for the development of a hotel business
enterprise. According to the developed methodology the task of choosing the optimal development
project of the hotel business enterprise under the AHP was solved. The reliability of the results ob-
tained by the MAI method was checked by the method of six filters — the sequential application of
the Wald, Savage, Hurwitz, average risk, Bayes-Laplace, Khoja-Lehmann criteria.

The proposed approaches can be applied to solve other applied problems of making manage-
ment decisions in conditions of uncertainty regarding activity forecasting, the optimal development
project of hotel, publishing, restaurant business enterprises; identification of the most important factors
influencing the components of the project, which is useful in the event of the need to adjust the se-
lected project in the process of its implementation.
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