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Abstract. The relevance of the research topic is determined by the need to effectively solve multi-criteria decision-
making problems in conditions of fuzzy information. In this regard, the creation of information technologies that
would enable the user to select and use the most effective multi-criteria decision-making methods in conditions
of fuzzy information is an important problem. The purpose of the study was to develop information technology
for solving the multi-criteria decision-making problem using the modified Fuzzy Technique for Order Preference
by Similarity to Ideal Solution (FTOPSIS) method based on the use of different metrics and the results of
group expertise, which increases the reliability of the obtained decisions. Within the framework of the study, an
analysis of the most popular multi-criteria decision-making methods, in particular, methods using the fuzzy set
apparatus, was carried out. The article analyses different popular metrics for estimating the distances between a
fuzzy positive ideal solution and a fuzzy negative ideal solution in the FTOPSIS method. A technique is proposed
for comparing the results of applying different methods, in particular, FTOPSIS using triangular and trapezoidal
fuzzy numbers, TOPSIS with triangular and trapezoidal fuzzy numbers for determining criteria weights, which
makes it possible to analyse the scale of deviations between the obtained results and to assess the quality
of the experts' work. The obtained results expand the possibilities of using TOPSIS and FTOPSIS methods for
decision-making in conditions of multi-criteriality and uncertainty. As a practical application of the developed
information technology and the modified FTOPSIS method, the article solves the problem of selecting the best
of popular risk management standards in IT projects. This will increase the effectiveness of risk management in
conditions of uncertainty and incompleteness of information, improve the validity of decisions made, as well as
adapt the risk management process to specific conditions of each individual IT project
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INTRODUCTION
The relevance of multi-criteria decision-making management, planning and analysis, it is necessary to
problems lies in the fact that in real conditions of take into account a set of conflicting criteria that affect
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the choice of the best solution. This is especially impor-
tant in conditions of uncertainty, when it is necessary to
find a compromise between different performance indi-
cators, such as costs, quality, risks and system stability.
Multi-criteria analysis methods make it possible not
only to formalise the selection process, but also ensure
the validity of decisions, increasing their effectiveness
and objectivity. The use of modern methods and infor-
mation technologies in multi-criteria decision-making
helps to automate the decision-making process, which
is a key factor in complex and dynamic systems. The
scientific community is actively researching and de-
veloping new modifications of the FTOPSIS method. In
particular, Y. Kustiyahningsih et al. (2024) in their work
analysed the use of different types of fuzzy logic in the
FTOPSIS method, but exclusively using the Euclidean
metric to determine the distance between an ideal and
an anti-ideal solution.

N. Rane & S. Choudhary (2023) in their study con-
ducted a comparative analysis of the effectiveness of
the Fuzzy AHP and FTOPSIS methods, which also used
the classical Euclidean metric. The results showed
that both methods were effective tools for multi-cri-
teria decision-making under uncertainty, but FTOPSIS
demonstrated a slightly higher sensitivity to changes
in weight coefficients of the criteria compared to Fuzzy
AHP.H.Yin et al. (2020) in their work used the classical
Euclidean metric to measure the distance between al-
ternatives in the context of multi-criteria analysis using
the TOPSIS method. The authors drew attention to the
limitations of the classical Euclidean distance, which
may not always correctly reflect the difference between
fuzzy or unstructured data, which often arises in prac-
tical problems. In this regard, they proposed a modifi-
cation of the Euclidean distance, which was called the
relative Euclidean distance.

In their study, F. Han et al. (2024) demonstrated
the practical application of the FTOPSIS method using
the Euclidean distance for solving multi-criteria deci-
sion-making problems. This study demonstrated the
practical use of FTOPSIS, particularly in the context of
using standard metrics in real decision-making prob-
lems. In the study of P. Talukdar & P. Dutta (2019), six
different distance metrics were considered within the
framework of the classical TOPSIS method, which al-
lowed for a comparative analysis based on examples.
However, this study needs to be expanded in the direc-
tion of formalising a general model of using different
metrics for the FTOPSIS method. In turn, H-S. Shyur &
H-S. Shih (2024) analysed the impact of the choice of
metric on the results of ranking alternatives in the clas-
sical TOPSIS method. The authors emphasise the im-
portance of the correct choice of metric, since different
metrics can significantly change the ranking results, af-
fecting decision-making in multi-criteria problems.

The study of H. Arman et al. (2022) was focused
on the incorrect use of the Euclidean metric to meas-
ure the difference between fuzzy numbers. The

researchers emphasised that although the Euclide-
an metric was used to measure the distance between
points in multidimensional spaces, its application to
fuzzy numbers was conceptually incorrect. The authors
concluded that the use of the Euclidean metric in the
context of fuzzy numbers can lead to inaccurate results,
since such a metric does not reflect their essential dif-
ference. Summarising the results of the analysis of sci-
entific sources, it can be stated that the vast majority of
existing studies are focused on the use of the standard
Euclidean metric in the TOPSIS method and its fuzzy
modification — FTOPSIS.

Thus, one of the tasks of this study is to analyse
the impact of the choice of metric on the results of the
FTOPSIS method. The involvement of experts in assess-
ing alternatives according to different criteria is an im-
portant aspect of using multi-criteria decision-making
methods based on the fuzzy set apparatus. This leads to
the fact that the obtained fuzzy assessments, especially
during individual expertise, are subjective in nature. In
this situation, to improve the accuracy of the assess-
ment of alternatives, it is advisable to use an expertise
involving several experts. In turn, this leads to the need
to apply methods of aggregating expert opinions. So,
there is a need to develop information technologies
that provide group expertise using fuzzy multi-criteria
decision-making methods and implement the proce-
dure for aggregating expert assessments.

Therefore, an urgent problem arises, which consists
in developing a modified FTOPSIS method using appro-
priate adapted metrics, as well as creating information
technology that implements them and takes into ac-
count the results of group expertise for a more accurate
and effective assessment and choice of the best alter-
native from many possible ones according to several
utility criteria. It is the solution to this problem that this
article was devoted to.

MATERIALS AND METHODS

The multi-criteria decision-making problem is to assess
and select the best alternative from the set of A={A,,
A,..., A} possible options, taking into account the set
of C={C, C,,..., C,} criteria that characterise these alter-
natives. Some criteria can be benefit criteria (the high-
er the value, the better), let’s denote the set of these
criteria as C={C, C,,..., (.}, P is the number of benefit
(maximisation) criteria (0 <P < M), and other criteria
are cost criteria (the lower the value, the better), let’s
denote the set of these criteria as C_ ={C,, .,C,, ...,
C,}, while the number of cost (minimisation) criteria is
equal to M-P. Each C criterion has its own w, weight,
while w; > 0,2?4:1 w; = 1. The effectiveness of each
A, (i =1,N) alternative is assessed relative to each C
(j = 1, M) criterion using the value of the corresponding
]; (A, w, x,.],) utility function, where X; = the assessment
of the value of the C criterion relative to the A alterna-
tive taking into account the w;(i = 1,N,j = 1, M) weight.
Formally, the MCDM problem can be written as follows:
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max f; (Al-, Wj,xi]-),j =1,P,
AjEA
min f; (Aw;, x;;),j = P+ 1, M. 1)
AjEA

Then the A* € A alternative, which satisfies the con-
dition:
arg max f; (Ai, Wj,xi]') ,j=1,P,
AjEA
arg min f; (Ai,wj,xij),j =P+1,M. (2

A;EA

A =

is the solution to the problem (1).

The A* alternative of the form (2) can be considered
as an ideal solution to the problem (1), which in prac-
tice can only be found approximately.

The Technique for Order of Preference by Similari-
ty to Ideal Solution (TOPSIS), proposed by C. Hwang &
K. Yoon (1981), is one of the most well-known meth-
ods for an approximate solution to the multi-criteria
decision-making problem of the form (1). This method
is based on the concept that the chosen alternative
should have the smallest distance to the positive ideal
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solution (PIS) (a solution that maximises benefit criteria
and minimises cost criteria) and the largest distance to
the negative ideal solution (NIS) (a solution that mini-
mises benefit criteria and maximises cost criteria). Lin-
guistic assessments are a convenient and effective tool
for reflecting expert assessments, especially in cases
where precise quantitative information is unavailable
or uncertain. They allow experts to express their judg-
ments in an understandable form, which is often based
on natural language.

In their works, C. Chen (2000) and C. Chen et
al. (2006) extended the TOPSIS method by a procedure
that uses linguistic assessments in the form of triangu-
lar and trapezoidal fuzzy numbers (FNs). Let’s consider
some aspects of this approach. In general, the paramet-
ric form of a triangular fuzzy number is a triple (a, b,
), where a - left, b - middle, ¢ - right parametres of this
fuzzy number, and the parametric form of a trapezoidal
fuzzy number is a quadruple (a, b, ¢, d), where a - left,
b - left middle, c - right middle, d - right parametres of
this fuzzy number. Examples of linguistic assessments
and their representation in the form of triangular and
trapezoidal fuzzy numbers are given in Table 1.

Table 1. Examples of linguistic assessments for fuzzy numbers

Linguistic terms Fuzzy triangular numbers Fuzzy trapezoidal numbers
Very low (VL) (1,1,3) (1,1,2,3)
Low (L) (1,3,5) (2,3,4,5)
Middle (M) (3,5,7) 4,5,6,7)
High (H) (5,7,9) (6,7,8,9)
Very high (VH) (7,9,9) (8,9,10,10)

Source: created by the authors based on C. Chen (2000), C. Chen et al. (2006)

To calculate the distance from each alternative to
the fuzzy positive ideal solution (FPIS) and the fuzzy
negative ideal solution (FNIS) in FTOPSIS, C. Chen (2000)
proposed a vertex method for calculating the distance

Linguistic assessments are linguistic terms to
which certain fuzzy numbers correspond, usually in a

triangular or trapezoidal parametric form (Fig. 1).
between two fuzzy numbers, the essence of which is as

® /\\ follows.LetX=(a,,q,,...,a ),7=(b,,b,,...,b ) be fuzzy numbers

specified by their parametres, where n=3 for triangular
\ FNs and n=4 for trapezoidal FNs. Then the generalised

0.6

0.4

Membership degree

adapted formula for calculating the Euclidean distance
between triangular and trapezoidal FNs has the form:

a0 9) = [2 S, @ b 3

‘ Let’s consider the features of calculating the dis-

‘ tances between triangular and trapezoidal FNs using
some popular metrics.

‘ \ The Manhattan metric is a metric according to

|

Membership degree

which the distance between two points x=(x, X,,..., X )

and y=(y,, ¥,....y,) is equal to the sum of the moduli of
the difference of their components (Rudin, 1987; Deza

o

b ¢ T e . & Deza, 2016; Black, 2019):
Ayn(x,y) = Xize | xi — yil- 4
Figure 1. Examples of fuzzy triangular numbers (a) mr (%) =1 1% = yil (4)
and trapezoidal numbers (b) Let X=(a,, a,,...,a),y=(b,, b,,..., b ) be fuzzy num-

Source: created by the authors based on C. Chen et al. (2006)  bers specified by their parametres, where n =4 for
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triangular FNs and for trapezoidal FNs. Then the gener-
alised adapted formula (4) for triangular and trapezoi-
dal FNs has the form:

dun (X, 9) = Xizila; — by, ©)

where n=3 for triangular FNs; n=4 for trapezoidal FNs.

The Chebyshev metric is a metric that determines
the distance between two -dimensional numerical vec-
tors x=(x,, X,,...,x ) and y=(y,, ¥,,..., ¥,) as the maximum
of the moduli of the difference of their components
(Deza & Deza, 2016). The Chebyshev metric is often de-

noted by [_:

lo(x,y) = max x|x; — yil. (6)

Then the generalised adapted formula (6) for FNs

%X=(a,a,...,a),y=(b,,b,,...,b ) has the form:
dy (%, 7) = max |a; — b;|, (7)
1<isn

where n=3 for triangular FNs; n=4 for trapezoidal FNs.

The Minkowski metric is a parametric metric that
can be considered as a generalisation of the Euclidean
metric and the Manhattan metric. The Minkowski dis-

tance of p order between two points x=(x, X,,...,x ) and
Y=Y,y Y,) is determined by the formula:
1
LGy) = Qi lx; — yilP)p. (8)

The Minkowski metric is a generalisation of the Eu-
clidean metric for the p=2 parametre, and when p=1,
the Manhattan metric is obtained (Deza & Deza, 2016).
If p goes to plus infinity, then the Minkowski distance
approaches the Chebyshev distance:

lim (XL, lx; — /)P = max [x; =yl (9)
p—+oo i=1n

Similarly, when p goes to minus infinity, the follow-
ing formula is obtained:

lim (X, lx; — y;/P)/? = min |x; =y, (10)
p——00 i=1n

The generalised adapted formula (8) for FNs X=(a,,
ay,...,a),¥=(b,,b,,...,b ) has the form:

2 7

@) = (;

1

molag = by, (11)
where n=3 for triangular FNs; n=4 for trapezoidal FNs.
The Hamming metric is a metric that calculates the
number of positions in which the corresponding sym-
bols of two words of the same length are different. The
Hamming distance between two points x = (x,, X,,..., X )

and y=(y,, ¥,--.,y,) is determined by the formula:
du(%.9) = ElLy vyl where [z =y = {5 5 72/.(12)
The generalised adapted formula (12) for FNs
X=(a,a a),y=(b,,b,,...,b)has the form:

172

,(13)

o 1 b;
dn(%3) = ZiLyla; — bil, where |, - b = {§ &% 0

v

where n=3 for triangular FNs; n=4 for trapezoidal FNs.

Let’s consider the main steps of the method, which
is a modification of the FTOPSIS method for the case of
group expertise and uses different metrics for calculat-
ing the distance from each alternative to FPIS and FNIS
in order to determine the best alternative.

Suppose that there is a group of decision-makers
consisting of K experts.

Step 1. Assignment of fuzzy assessments to criteria
and alternatives.

Each k-th expert of the (k = 1,K) group deter-
mines the linguistic assessment of the weight of each
C(U= 1, M) criterion to which a triangular fuzzy num-
ber W Wk = (wf, wh, wk) corresponds. Next, the k-th ex-
pert of the group determines the linguistic assessment
for each A (i =1,N) alternative with respect to the
CU= 1,M M) crlterlon to which the triangular fuzzy num-
ber % ¥t = (af, b¥, ck) corresponds.

Iffuzzy trapezoidal numbers w; kand %k ; correspond
to linguistic assessments of the k-th expert of the
group, then they have the following form, respectively:

k k.
(al]'blj'cl]'d

(le'WIZ’W]3'W 4) -(14)
Step 2. Calculation of aggregated fuzzy weights for
criteria and aggregated fuzzy assessments for alternatives.
The aggregated fuzzy weight assessment in trian-
gular form W; = (wj;, w),,w;3) for C criterion is calcu-
lated according to the formulas:

Wj1 = mm{ 1}

WfZ:% W2,W13—maX{ 3}1—1M (15)

Similarly, the aggregated triangular fuzzy assess-
ment X, =(a,, b, c,) for A, alternative with respect to C,
criterion is calculated according to the formulas:

M. (16)

These formulas make it possible to obtain a com-
mon fuzzy assessment that takes into account mini-
mum, average and maximum values from fuzzy assess-
ments of all experts in the group.

Let W) = (wk, wh,wh,wh) be the trapezoidal
fuzzy weight assessment determined by the k-th ex-
pert in the group for C (j = 1, M) criterion. Then the
aggregated fuzzy weight W; = (wll, Wyz, i3, Wys) for C
criterion can be calculated according to the followmg
formulas:

= mi K k
Wi = i n {w 1} Wi k=1Wj2 17)

_1lyk k
Wiz == Lk=1Wj3 » Wjs = max{ 4}]—1M
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Let %f; = (af, b, cf5,df) be the trapezoidal fuzzy
assessment of the k-th expert of the decision-mak-
ing group for A (i = 1,N) alternative with respect to
Cj (j = 1,M) criterion. Then the aggregated fuzzy
assessments  for  trapezoidal fuzzy numbers
%;; = (a;j, byj,cij,d;;) are determined according to the
formulas: x 7,

aij = mﬂ{au} bl} Z ]' Cij = z‘:k 1CU»

hi=1,N,j=1M. (18)

Step 3. Calculation of the normalised fuzzy deci-
sion matrix.

The normalised fuzzy decision matrix is denoted as
R = [#;], in which for triangular FNs:

— _ (% by <y
Tij = (rijllrierrijs) = (F,F.; ,
]

] ]
i=1,N,j=1,P, (19)

where ¢ = @@{CU} - for the benefit criterion, and

a-_ a; a;
J J
l.] = (rulﬁ Tij2, 113) (_ 2 )

Cij bl] aij

i=1,N,j=P+1,M, (20)

where a;” = mm{al,} for the cost criterion.
In the normalised fuzzy matrix for trapezoidal FNs
it will be:
o aii b Cii d
7y = (Tju T2 Tijs Tija) = (a_za_lia_lia_z)
_ Nt A B B
i=1,N,j=1P, (21)

where df = max{d,;;}- for the benefit criterion, and
7= Y

a; a; a; a;
s — — (L L L
Tij = (rijl'rijz'riﬁ'ri”) - (dij'fij'bij'ai)'

i=1,N,j=P+1M, 22)

where a; = irgli%{aij} - for the cost criterion.

Step 4. Calculation of the weighted normalised
fuzzy decision matrix.

Let’s calculate the weighted normalised fuzzy de-
cision matrix

V=;),i=1N,j=1M, (23)
where by for triangular fuzzy assessments

Vij = (vijl'vijzrviﬂ) =
= (rijl * Wi Tij2 Wy, Tij3 'Wj3)»

and for trapezoidal fuzzy assessments

= (Uu1: Vij2: Vijz, V 114) =

( ]1 W]1, ij2 W]Z'rljf)’ W]3'r1.]4 W]4)

(25)

Step 5. Calculation of the fuzzy positive ideal solu-

tion (FPIS) and the fuzzy negative ideal solution (FNIS).
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The values of FPIS and FNIS are calculated accord-
ing to the formulas:

=(V}, vy, V), where v =188 (v} j = T, M, (26)

V-= (5, 0, 7;), where v =ty 3 j = T, (27)

where m=3 for triangular FNs; m=*3 for trapezoidal FNs.
Step 6. Calculation of distances from each alterna-
tive to FPIS and FNIS.
The distance from A, alternative to FPIS d; and to
FNIS d; is calculated according to the formulas:

= 2?/1:1 dmetrics (ﬁij' ﬁ;—) ’

;i = Zﬁwzl dmetrics (ﬁij'

(28)
fjj_)li = ]-I_Nl (29)
where dmetrics(f’ij'ﬁf) and dmetrics(ﬁij,ﬁj‘) according
to the user’s choice are determined as follows:

« for the Euclidean metric, taking into account (3):

dmetrics (ﬁij' f;’]?") =

n
~ o~ 1
= dE(Ui]-,U;-) = \]ZZR=1(UUR - 17]:';()2,

(30)

dmetrws (UL] ’ ] -

= dE(ﬁijtﬁj_) = J%Zkzl(vijk — V)%, (31)

« for the Manhattan metric, taking into account (5):

dmetrics (ﬁij' 17]:*‘) =

n

= dMH(ﬁl]'ﬁ]+) = Zk—l |vijk - U;]‘( ) (32)
dmetncs (UL]' ~]_ -

= dMH(ﬁi}"ﬁf_) - Zk:l Wi = Vil (33)

« for the Chebyshev metric, taking into account (7):

dmetrics (ﬁij' ﬁ]ﬂ.) =

=d (UL]' ﬂ-) = Elal%lvijk - U]ﬂ;(l, (34)
dmetrlcs (UU' v )=
= do (7, 7) = }g‘%lvz‘jk Vil (35)

« for the Minkowski metric, taking into account (11):
dmetrics(ﬁij:ﬁ;‘) = )

S 1" +1p »
dM(vij'vj ) =\7 1 [vijie = vikl? ) s

dmetrlcs(vlj' ]_ -

: .
_\r
= du(03,57) = (3. Wu—val’)’, G7)

atp=3

(36)

[
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« for the Hamming metric, taking into account (13):

dmetrics (ﬁij' 17]?") =

n
= dy (9, 57) = ZH e — vl (38)
dmetrics (ﬁij'vj_ =
n
= dyy (v, 77) = Zk_l Wi — vl (39)
where
1, vy, # v
+ ) ijk jk
Vi, —vt| = , 40
| ijk jkl {0’ Uijk — U;,'{ ( )
v | = {1, Vijk F Vjg
ijk — Vjkl = — =
e 0, Vijk = Vj, (41)

n=73 for triangular FNs and n=4 for trapezoidal FNs.
Step 7. Calculation of the closeness coefficients to
FPIS and FNIS for each alternative according to chosen

metrics.

The CC- closeness coefficient for each A, alterna-
tive to the fuzzy negative ideal solution is calculated

using the following formula:

ccr=-4%_ i=TN.

LT dyvaf

(42)

The CC; closeness coefficient for each A, alternative
to the fuzzy positive ideal solution is calculated using

the following formula:

+ _
cct =—3_ i=TN.

LT ar+af

(43)

Step 8. Ranking of alternatives according to chosen
metrics. In this step, for each chosen metric, the best A*

alternative is determined as the alternative that is fur-
thest from FNIS, i.e. with the maximum CC- closeness
coefficient, and is defined as follows:

A=Ay, (44)

where
%

i* = arg max {CC7},

i=1,N

(45)

or A* is selected as the alternative that is closest to
FPIS, i.e. with the smallest CC’ closeness coefficient,
and is defined as:

A=A, (46)

where

i* =arg min {CC;}. (47)
i=1,N

Therefore, the larger the CC: value, the closer the A,
alternative is to the fuzzy positive ideal solution V*and
further from the fuzzy negative ideal solution V-, or the
smaller the CC’ value, the closer the A, alternative is to
the fuzzy positive ideal solution V* and further from the
fuzzy negative ideal solution V-.The A alternatives are
ordered according to decrease in CC values, or accord-
ing to increase in CC' values, which makes it possible
to determine the rank of each R, (i = 1,N) alternative
for chosen metrics. In this case, some alternatives may
have the same ranks, including rank 1.

Step 9. Output of results. After calculating the ranks
of alternatives according to chosen metrics, the results
are presented in tabular form, the structure of which
is given in Table 2, where R, - the rank of A, (i = 1,N)
alternative according to the d = 1, m metric, m -

metricsj ]

the number of chosen metrics.

Table 2. Output of the results of the modified FTOPSIS method

Metrics Alternatives d: d: CC', - Rank of alternatives
Al d1+1 d{l Ccli Rll
dmetricsl Az d1+2 d1_2 CC1_2 R 12
AN dl;/ dﬂv CCII?I RlN
Al d2+1 dZ_l CCZ; RZl
dmetric52 Az d2+2 dz_z CCZE R 22
AN dZ;V dZI_\l CCZ;\I RZN
Al dm+1 dm—l CCm_l le
dmetricsm AZ dm2 dmZ CCmZ RmZ
Ay dmy dmy CCx, R\

Source: created by the authors

For the software implementation of the proposed

modified Fuzzy TOPSIS method, the authors created
a module that is an integral part of the web-oriented
Decision Support System (DSS) “Decisioner” (n.d.). In

the developed DSS, the PHP language is used to cre-
ate queries to the MySQL database. This programming
language is also used to distribute access between
users depending on their role. The information and
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registration part of the DSS was created using the CMS
WordPress. The LaleX data markup language was used
to display formulas in the theoretical information of the
methods. The JavaScript language without frameworks
was used to implement the decision-making methods
in the DSS. Actually, in order for JavaScript and PHP to
interact with the user, standard HTML5 and CSS3 tools
were chosen for visual design. The JQuery library was
used for the interaction of algorithms of the methods
with the HTML code of the page. The amCharts and
Plotly libraries were used to display graphs.

RESULTS AND DISCUSSION
Multi-Criteria Decision Making (MCDM) is divided into
two main categories:

« Multi-Objective Decision Making (MODM) is an
approach to optimisation, in which a solution is cho-
sen from a set of possible alternatives by finding a
compromise between several objective functions. This
approach is widely used in linear and non-linear pro-
gramming problems, in particular for optimisation of
production processes, resource allocation and manage-
ment of complex systems under conditions of multi-cri-
teriality;

« Multi-Attribute Decision Making (MADM) is an ap-
proach focused on choosing the best alternative from
a discrete set of solutions based on several attributes
(criteria). This is useful for problems where it is neces-
sary to assess and rank a finite number of options.

Therefore, MODM is usually used in optimisation
problems, and MADM is used to assess and choose
effective alternatives. Both approaches are important
components of MCDM and are used depending on the
specific problem and available input data.

The analysis of modern research, such as F. Han et
al. (2024), shows that among MADM methods, consid-
erable attention is paid to methods based on fuzzy set
theory, in particular the FTOPSIS method and the FAHP
method. At the same time, the FTOPSIS method is more
effective compared to the FAHP method in a number of
situations due to several key aspects. FTOPSIS is con-
venient for the practical application, since it focuses
on finding the most ideal solution that is as close as
possible to the ideal (best) option and as far away as
possible from the worst option. This makes the method
easy to understand and apply, especially when it is nec-
essary to easily and quickly assess alternatives accord-
ing to several criteria. FAHP, in turn, often requires more
computational steps and deeper analysis, including a
hierarchy of criteria and sub-criteria, which can be more
difficult in the case of a large number of criteria.

FTOPSIS works well with large numbers of alter-
natives and criteria. This allows for rapid assessment
within large data sets. FTOPSIS does not require the
construction of a complex hierarchy of criteria, which
simplifies the decision-making process, especially in
cases where complex relationships between criteria
are not obvious. FAHP can become difficult with large
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numbers of criteria and/or alternatives, as it requires
the construction of a hierarchical structure and the
comparison of each pair of criteria according to the
main criterion, as well as the comparison of each pair
of alternatives according to each criterion, which quick-
ly increases the amount of calculations. FAHP requires
careful construction of the hierarchy structure of the
research object and important comparisons between
each level of the hierarchy, which can be difficult and
time-consuming. In general, FTOPSIS is effective in cas-
es,where it is necessary to quickly and efficiently assess
alternatives according to a large number of criteria.

Most modern approaches to assessing distances
in TOPSIS and FTOPSIS methods (Awasthi et al., 2011;
Arman et al., 2022) are usually based on the Euclidean
metric. However, in the context of complex and multidi-
mensional data, this metric does not always adequately
reflect the real differences between alternatives. This
emphasises the need to study and implement alterna-
tive metrics, such as the Manhattan metric, Chebyshey,
Minkowski and Hamming metrics. However, the use of
alternative metrics in the context of fuzzy sets requires
additional adaptation. Most classical metrics were de-
veloped to work with precise numerical data and do not
take into account the peculiarities of representing fuzzy
data, for example, in the form of triangular or trape-
zoidal fuzzy numbers. This complicates the direct use
of standard formulas for calculating distances between
alternative assessments. Therefore, it is necessary to
develop new metrics or modify existing metrics so that
they can correctly process fuzzy data, ensuring accuracy
and reliability of the assessment. The study proposes a
modified FTOPSIS method, which provides an opportu-
nity to find effective alternatives according to the most
popular metrics adapted to calculations with fuzzy
numbers.

Practical application of the developed information
technology and the modified Fuzzy TOPSIS method is
demonstrated on the problem of choosing a risk man-
agement standard in IT projects based on their analy-
sis, given in the author’s article of A. Maksymov (2025).
Let the decision makers need to determine the most
effective risk management standard to be used by the
IT company from the following alternatives: A, - use of
ISO 31000:2018 (2018); A, - use of NIST 800-53 (Na-
tional Institute of Standards and Technology Special
Publication 800-53,2020); A, - use of the PMBOK guide
(2021). In this case, it is proposed to be guided by the
following C/ criteria for assessing the effectiveness of
choosing a risk management standard (j = 1,8):

e C, - number of countries implementing the stand-
ard (measured in quantity and to be maximised);

* C, - impact on the number of incidents/violations
(measured in percentage and to be maximised);

* C, - impact on productivity (measured in percent-
age and to be maximised);

* C, - impact on employee satisfaction level (meas-
ured in percentage and to be maximised);
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* C, - impact on financial performance (measured
in percentage and to be maximised);

» C, - implementation costs (measured in thou-
sands of $ and to be minimised);

 (, - implementation time (measured in months
and to be minimised);

* (, - number of training hours for personnel
(measured in hours and to be minimised).

For example, the results of an individual expertise
of the problem are given. Based on the authors’ anal-
ysis of risk management standards, linguistic assess-
ments of the weights of the C/ (j= ﬁ)_criteria were
determined, as well as for each A (i = 1,3) alternative
according to each C/ criterion, both explicit values and
intervals of utility, and their linguistic assessments giv-
en in Table 3 were determined.

Table 3. Assessments of different risk management standards for IT projects according to the specified criteria

C, C, C, C, C, C (o C,
(countries) (%) (%) (%) (%) (k§) (months) (hours)
. . High High High Very High Very High High .
Weight | Medium (M) H) (H) H) (VH) (VH) (H) Medium (M)
min/max max max max max max min min min
A Ve};) I(-)|Jirgh 10-30 1|-(|)i-gzh0 7I-?i-gsh5 10-15 >-20 3-6 20-40
1 (VH) Medium (M) H) ) Medium (M) | Medium (M) | Medium (M) | Medium (M)
50+ 20-40 15-25 70-80 20-30 50-150 6-12 40-80
A, High High Very High High Very High Very High High High
(H) (H) (VH) (H) (VH) (VH) (H) (H)
100+ 30-50 20-30 80-90 15-20 20-100 6-12 40-60
A, Very High High Very High High High High High High
(VH) (H) (VH) (H) (H) (H) (H) (H)

Source: created by the authors

To determine the best alternative among the risk
management standards for IT projects according to cer-
tain criteria, calculations were first carried out using
the modified FTOPSIS method by the appropriate DSS
“Decisioner” module. Figure 2 demonstrates the first
step in solving the problem, in particular, filling in the

appropriate fields of the module with information
about the purpose of the problem and its structural
components: alternatives and criteria.

In the next step, it is necessary to select metrics and
the type of fuzzy numbers for calculation, for example,
as shown in Figure 3.

To select a standard for risk management in IT projects

OBJECTIVE:
# Alternatives
1 1SO 31000
2 NIST SP 800-53
3 PMBOK

-

# Criteria

1 Number of countries

2 Impact on the number of incidents/violations
3 Impact on productivity

4 Impact on employee satisfaction level

5 Impact on financial performance

6 Implementation costs

7 Implementation time

Number of training hours for personnel

8
-

Figure 2. Setting the goal, alternatives and criteria in the DSS “Decisioner”

Source: created by the authors
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Select metrics for calculation:
[®] Euclidean metric

[®] Manhattan metric
[®] Hamming metric
[®] Chebyshev metric

[®] Minkowski metric with p =
3

Select the type of fuzzy numbers:
(O Triangular fuzzy numbers

® Trapezoidal fuzzy numbers

Calculate

Figure 3. Selection of metrics and type of fuzzy numbers for calculation
Source: created by the authors

In the next step, the expert needs to fill in the Llinguistic assessments, for example, based on the data
initial matrix of assessments in the format of fuzzy inTable 1 (Fig.4).

Number

Impact on of
Number Impact on the employee Impact on training
of number of Impact on P ; hours for
countries pr y level performance costs time personnel
min/max max max max max max min min min
M M M M

M
Iso M
31000

NIST SP
800-53

PMBOK

Figure 4. Filling in the initial matrix of assessments in the format of linguistic terms
Source: created by the authors

After confirming the input data, the DSS automat- I~?=[F,./.] of the form (19)-(20) for triangular FNs, or of the
ically calculates the normalised fuzzy decision matrix ~ form (21)-(22) for trapezoidal FNs (Fig. 5).

c1 Cc2 c3 c4 C5 ceé Cc7 cs
min/max max max max max max min min min
1SO 31000 0.8000 0.4444 0.6000 0.6667 0.4000 0.5714 0.5714 0.5714

0.9000 0.5556 0.7000 0.7778 0.5000 0.6667 0.6667 0.6667
1.0000 0.6667 0.8000 0.8889 0.6000 0.8000 0.8000 0.8000

1.0000 0.7778 0.9000 1.0000 0.7000 1.0000 1.0000 1.0000

NIST SP 800-53 0.6000 0.6667 0.8000 0.6667 0.8000 0.4000 0.4444 0.4444
0.7000 0.7778 0.9000 0.7778 0.9000 0.4000 0.5000 0.5000

0.8000 0.8889 1.0000 0.8889 1.0000 0.4444 0.5714 0.5714

0.9000 1.0000 1.0000 1.0000 1.0000 0.5000 0.6667 0.6667

PMBOK 0.8000 0.6667 0.8000 0.6667 0.6000 0.4444 0.4444 0.4444
0.9000 0.7778 0.9000 0.7778 0.7000 0.5000 0.5000 0.5000

1.0000 0.8889 1.0000 0.8889 0.8000 0.5714 0.5714 0.5714

1.0000 1.0000 1.0000 1.0000 0.9000 0.6667 0.6667 0.6667

Figure 5. Normalised fuzzy decision matrix for trapezoidal FNs
Source: created by the authors
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In the next step, the DSS automatically calculates  alternative to FPIS (d7) of the form (28) and FNIS (d") of
the weighted normalised fuzzy decision matrix V= [\7,./.] the form (29) for selected metrics, as well as the CC close-
of the form (23)-(25) (Fig. 6). ness coefﬁcients_of the form (42) (i = 1,3) and Rﬁ - the

Figure 7 shows the result of calculating the best A*  rank of A, (i =1, N) alternative according to thedmetricsl-
alternative with a display of the distances from each A, (j = 1,m) metric, m - the number of selected metrics.

c1 c2 c3 ca Cc5 cé c7 cs8
(max) (max) (max) (max) (max) (min) (min) (min)
A1 3.2000 2.6667 3.6000 4.0000 3.2000 45714 3.4286 2.2857
4.5000 3.8889 4.9000 5.4444 4.5000 6.0000 4.6667 3.3333
6.0000 5.3333 6.4000 7111 6.0000 8.0000 6.4000 4.8000
7.0000 7.0000 8.1000 9.0000 7.0000 10.0000 9.0000 7.0000
A2 2.4000 4.0000 4.8000 4.0000 6.4000 3.2000 2.6667 1.7778
3.5000 5.4444 6.3000 5.4444 8.1000 3.6000 3.5000 2.5000
4.8000 711 8.0000 711 10.0000 4.4444 45714 3.4286
6.3000 9.0000 9.0000 9.0000 10.0000 5.0000 6.0000 4.6667
A3 3.2000 4.0000 4.8000 4.0000 4.8000 3.5556 2.6667 1.7778
4.5000 5.4444 6.3000 5.4444 6.3000 4.5000 3.5000 2.5000
6.0000 7111 8.0000 7.1111 8.0000 5.7143 45714 3.4286
7.0000 9.0000 9.0000 9.0000 9.0000 6.6667 6.0000 4.6667
V+ 3.2000 4.0000 4.8000 4.0000 6.4000 4.5714 3.4286 2.2857
4.5000 5.4444 6.3000 5.4444 8.1000 6.0000 4.6667 3.3333
6.0000 7111 8.0000 71111 10.0000 8.0000 6.4000 4.8000
7.0000 9.0000 9.0000 9.0000 10.0000 10.0000 9.0000 7.0000
V- 2.4000 2.6667 3.6000 4.0000 3.2000 3.2000 2.6667 1.7778
3.5000 3.8889 4.9000 5.4444 4.5000 3.6000 3.5000 2.5000
4.8000 5.3333 6.4000 71111 6.0000 4.4444 45714 3.4286
6.3000 7.0000 8.1000 9.0000 7.0000 5.0000 6.0000 4.6667

Figure 6. Weighted normalised fuzzy decision matrix for trapezoidal FNs
Source: created by the authors

Rank of
Metrics Alternatives di* d;i CCy alternatives

Euclidean metric A1 7.4563 8.8192 0.5419 s
A2 8.8192 7.4563 0.4581 3
A3 8.2978 8.0161 0.4914 2

Manhattan metric A1 8.5222 9.2767 05212 ]
A2 9.2767 8.5222 0.4788 3
A3 8.7794 9.0196 05067 2

Hamming metric A1 12.0000 16.0000 05714 e
A2 16.0000 12.0000 0.4286 3
A3 16.0000 20.0000 0.5556 2

Chebyshev A1 25333 3.8444 0.6028 _
metric A2 3.8444 25333 0.3972 3
A3 3.5556 28222 0.4425 2

Minkowski metric At 7.1764 9.0304 0.5574 ]
with p =3 A2 9.0394 7.1764 0.4426 3
A3 8.4769 7.7997 04792 2

Answer: The best alternative corresponds to the option with a ranking of "1"

Figure 7. Result of calculating the best alternative for trapezoidal FNs
Source: created by the authors
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Based on the results obtained according to the
FTOPSIS method for different metrics, ISO 31000:2018
(2018) (A, alternative) according to all selected met-
rics is the best option for the risk management stand-
ard for IT projects among the proposed alternatives.
The results of the experiment on solving the problem
with the help of different modifications of the FTOPSIS
method and the classical TOPSIS method with linguis-
tic assessments of criteria weights are shown below:

1) FT3FNs - FTOPSIS using triangular FNs (see
Fig.1 a);

2) FT4FNs - FTOPSIS using trapezoidal FNs (see
Fig. 1 b);

3) TFW3FNs - TOPSIS with fuzzy triangular num-
bers for determining criteria weights;

4) TFW4FNs - TOPSIS with fuzzy trapezoidal num-
bers for determining criteria weights.

In the TFW3FNs, TFW4FNs methods, in order to
simplify the expert assessment of w, (= 1,M) crite-
ria weights, which in sum must be equal to one, in the
classical TOPSIS method, linguistic assessments of the
weights of each q criterion to which fuzzy numbers
W; = (Wj1, Wiy, ..., W), (j =1, M), correspond, where
n=73 for triangular FNs and n=4 for trapezoidal FNs,
were used. The process of defuzzification of fuzzy num-
bers was carried out according to the following rule:

A. Maksymov & Yu. Tryus

1. Finding of criteria weights as the average value
of fuzzy assessment parametres.

For each w; = (Wj:l, Wiy, .., Wj,) the arithmetic
mean of its parametres is calculated:

Wj1+Wj2+---+an

Jj=1M, (48)

where n=13 for triangular FNs and n=4 for trapezoidal FNs.
2. Calculation of the sum of average values:

M
ws= 3w (49)
3.Normalisation of average values of the weights.
Each w,average value is converted into a fraction of the
total sum "ws" so that all normalised assessments as a
result are in the [0,1] range and their sum is equal to 1:
w

_ Wi
an—ﬁ,]—l,M.

(50)

Fig.8 shows a table with problem input data for
the TOPSIS method with linguistic assessments of cri-
teria weights to which trapezoidal FNs correspond (see
Table 1).

Fig.9 shows a table with problem input data for the
TOPSIS method with normalised assessments of crite-
ria weights according to formulas (48)-(50) for n=4.

Number
Impact on of
Number Impact on the employee Impact on training
of number of Impact on satisfaction financial Implementation Implementation hours for
countries  incidents/violations  productivity level performance costs time personnel

min/max max

max max max max min min

min

Figure 8. Problem input data for the TOPSIS method with linguistic assessments of criteria weights

Source: created by the authors

Number
Impact on of
Number Impact on the employee Impact on training
of number of Impact on satisfaction financial Implementation  Implementation hours for
countries  Iincidents/violations  productivity level performance costs time personnel
min/max max max max max max min min min
Weight 0.09243¢ 0.12605042016806 0.12605042 0.1260504: 0.15546218: 0.15546218487 0.1260504201¢ 0.092436
Iso 100 20 15 80 12.5 125 45 30
31000
NIST SP 50 30 20 75 25 100 9 60
800-53
PMBOK 100 40 25 85 17.5 60 9 50

Figure 9. Problem input data for the TOPSIS method with normalised assessments of criteria weights
Source: created by the authors
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In order to visually display the differences between
the results when using different metrics and methods,
a matrix of deviations between the results obtained by
different methods was calculated according to such
technique. Let there be a set of M, M,,..., M_methods,
each of which gives closeness coefficients of each A,
(i = 1,N) alternative according to different metrics in
the form of a matrix:

methods Xand Y (X =T,n—1,Y =2,n,X # Y) is cal-
culated according to the formula:
DX,Y=

|CC% = CChl 1CCH% — €LYyl
_[lccs —cail s — Ccgl

|CCin — CClinl
|CCZXm _ CC;ml I (52)

|cC¥, = CCl| €Clo — CCl| o |CCm — CClil

q q q
CC;  CCp, CCrn where CC* and CCY - the values of closeness coeffi-
q q q . L i )
Fa=| CC  CCyy CCyn , (51) cients in the corresponding methods X and Y, N - the
: : : number of alternatives, n - the number of methods, m -
ccl, ccy, cecy the number of metrics in each of applied methods.

where g = 1,n - the number of the M, method, CC,
7= the values of closeness coefficients for A, (i = 1,N)
alternatives, obtained according to the M method us-
ing the metric with the j (j = 1, m) number, while both
CC coefficients of the form (42) and CC’ ones of the
form (43) can be chosen as closeness coefficients. Then
the D*Y matrix of deviations between the results of two

Let M, be FT3FNs, M, - FT4FNs, M, - TFW3FNs and
M, - TFW4FNs. After conducting an experiment with
the considered methods with different j (j = 1,5) met-
rics for A (i = 1,3) alternatives, £% (g=1,4) matrices of
the form (51) shown in Fig. 10 were obtained.

D*Y deviation matrices of the form (52) between the
results of two methods Xand Y(X = 1,3,Y = 2,4, X # Y)
are presented in Fig. 11.

E? Euclidean Manhattan Hamming Chebyshev Minkowski
Fraens | Al BlGEze1  |MlGSo70 |
A2 . 0,4236 . 0,4613 - 0,4215.‘ - 0,3739 . 0,4030
A3 04524 [o4787] [05217 | [o4062 04354
E* Euclidean Manhattan Hamming Chebyshev Minkowski
FT4FNs Al .0,5419 -0,5212 -05714 -0,6028 -0,5574 |
A2 . 0,4581 - 0,4788 . 0,4286 .\ 0,397b 0,4426
A3
E? Euclidean Manhattan Hamming Chebyshev Minkowski
Tewaens AL 06087 | Io60ss | [ossse | oees1 06250 |
A2 o382 [ opeso [ 03000 03369 [ 03363
A3 [o5103] 05656 | 06364 | 04571 [ 0,4936
E* Euclidean Manhattan Hamming Chebyshev Minkowski
rewarms | AL Eogen
A2 l 0;3280 l 0,2689 . 03000 l 0;3369 . 0,3361
A3 - 0;5083 - 0;5639 -0;6364 . 0;457i . 0,4914

Figure 10. Results of methods in the form of £ matrix of the form (51)
Source: created by the authors

D™  Euclidean Manhattan Hamming Chebyshev ~ Minkowski
[FT3FNs- A1 0,0345 [| 0,0175 0,0075 0,0234 0,0396
FT4FNs| = A2 0,0345 | 0,0175 0,0075 0,0234 | 0,0396
A3 0,0389 0,0280 0,0338 0,0363 0,0438
D™  Euclidean Manhattan Hamming Chebyshev Minkowski
|FT3FNs- A1 0,0324 0,0667 0,0234 0,0370 0,0280
TFW3FNs| | A2 0,0955 0,1922 0,1211 0,0370 0,0667
A3 | 0,0579 0,0868 0,1146 0,0509 | 0,0582
D™ Euclidean Manhattan Hamming Chebyshev Minkowski
|[FT3FNs- A1 0,0355 0,0694 0,0234 0,0370 0,0312
TFW4FNs| = A2 0,0957 0,1923 0,1211 00370/ | 0,0669
A3 0,0559 | 0,0851 | 01146 0,0509 0,0559
D**  Euclidean Manhattan Hamming Chebyshev Minkowski
|FT4FNs- A1 0,0669 | 0,0843 0,0159 0,0603 0,0676
TFW3FNs| = A2 0,1300 0,2098 0,1286 0,0603 10,1063
A3 0,0190 0,0588 0,0808 0,0146 0,0144
D> Euclidean Manhattan Hamming Chebyshev Minkowski
|FT4FNs- A1 0,0700 0,0870 || 0,0159 0,0603 0,0707
TFWA4FNs| A2 0,1302 0,2099 0,1286 0,0603 0,1064
A3 0,0170 0,0571 0,0808 0,0146 | 0,0122
D**  Euclidean Manhattan Hamming Chebyshev Minkowski
|TFW3FNs- A1 | 0,003134289| 0,002700502 0 0| 0,00311769
TFW4FNs| A2 = 0,000179553 9,22555E-05 0 0 0,000158067
A3 0,002005483 0,001686576 0 0/ 0,002290157

Figure 11. D*Y deviation matrices of the form (52) between the results of the methods
Source: created by the authors
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As can be seen from Figure 11, the deviations are
unevenly distributed, which means that different met-
rics respond differently to the same input data. The
smallest deviation between closeness coefficients is
obtained in the D** deviation matrix (Fig. 11), which
indicates that there is no significant difference in the
choice of the type of fuzzy numbers (triangular or trap-
ezoidal FNs) for determining criteria weights. The larg-
est deviation in D>*is 0.0027 in the Manhattan metric.
Also, insignificant deviations between closeness coeffi-
cients are observed in the D*2 deviation matrix (Fig. 11).
Therefore, it can be concluded that there is no signifi-
cant difference between the use of FTOPSIS using tri-
angular and trapezoidal FNs. The largest deviation in
D%? is 0.0438 in the Minkowski metric. Relatively sig-
nificant deviations between closeness coefficients are
obtained in D*3, D%*, D*3 and D** deviation matrices. In
particular, the largest deviations are observed when us-
ing the Manhattan metric (on average 0.2) for the above
deviation matrices. This is due to the peculiarity of the
calculation of this metric.

As a result of the experiments, the Chebyshev met-
ric is determined to be the most stable metric (Fig. 11).

FT3FNs
Al
A2
A3

FT4FNs
Al
A2
A3

A. Maksymov & Yu. Tryus

The proposed approach for comparing the results of
applying different methods makes it possible to deter-
mine which methods give similar or sharply different
results. Using this approach, it is possible to analyse
whether the scale of deviations is significant or whether
it is within the limits of permissible error. Also, this ap-
proach to comparing the results of the use of different
methods provides an opportunity to assess the quality
of the experts’ work, namely, how accurately the experts
have carried out the fuzzification of real input data to
the decision-making problem. If it is necessary to select
a universal metric, then it is advisable to use metrics
with minimal deviations (for example, the Minkowski or
Chebyshev metric). If it is important to take into account
individual maximum differences between FPIS and
FNIS, then the Manhattan metric may be better. Meth-
ods that have minimal deviations between the results
can be used alternatively, and methods that have signif-
icant deviations between the results require addition-
al analysis in order to identify and explain the reasons
for the obtained discrepancies. To compare the results
of choosing the best alternative, a matrix of compari-
son of the ranks of alternatives is considered (Fig. 12).

Euclidean Manhattan Hamming Chebyshev Minkowski

N
N
N
N
N

Euclidean Manhattan Hamming Chebyshev Minkowski

N
N
N
N
N

TFW3FNs Euclidean Manhattan Hamming Chebyshev Minkowski

Al
A2
A3 2 2

2

2 2

TFW4FNs Euclidean Manhattan Hamming Chebyshev Minkowski

Al
A2
A3 2 2

2

Figure 12. Matrix of comparison of the ranks of alternatives

Source: created by the authors

According to the results of applying the FT3FNs, FT-
4FNs, TFW3FNs, TFW4FNs methods with different met-
rics (Fig. 12), it was found that ISO 31000:2018 (2018)
(A, alternative) is the best option for the risk manage-
ment standard for IT projects among the proposed
alternatives. Within the framework of this study, a
modified FTOPSIS method, which involves the use of
adapted metrics that more correctly reflect the differ-
ences between fuzzy numbers, is proposed. In addition,
the implemented information technology takes into
account the results of group expertise, which pro-
vides increased accuracy in the process of multi-crite-
ria selection. The conducted study is consistent with a
number of previous works, which also emphasise the
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importance of metric selection in the context of fuzzy
data. Thus, N. Rane & S. Choudhary (2023) and A. Makki
& R. Abdulaal (2023) demonstrated the effectiveness of
using FTOPSIS, but used the standard Euclidean distance.

Also, Y. Kustiyahningsih et al. (2024) demonstrat-
ed the use of FTOPSIS with the classical Euclidean
metric, which, despite its prevalence, has a number of
limitations in case of fuzzy or non-standardised data.
H. Arman et al. (2022) critically analysed the feasibil-
ity of using the Euclidean metric in FTOPSIS, proving
its conceptual inadequacy for comparing fuzzy num-
bers. In turn, H. Yin et al. (2020) proposed an alterna-
tive - relative Euclidean distance - that better takes
into account the features of fuzzy data. The results
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obtainedinP.Talukdar & P.Dutta (2019) and H-S.Shyur &
H.S. Shih (2024) confirm that the choice of metric can
significantly affect the result of ranking alternatives.
However, these studies do not focus on the fuzzy envi-
ronment, which limits their relevance in the context of
modern decision-making problems with a high level of
uncertainty.

Based on the analysis of advantages and disadvan-
tages of the analysed MADM methods, a modification of
the FTOPSIS method is proposed using various metrics,
in particular, the Euclidean metric, the Manhattan met-
ric, the Chebyshev, Minkowski and Hamming metrics to
estimate the closeness coefficient to fuzzy positive and
fuzzy negative ideal solutions. Thus, the comparative
analysis shows that the modification of the FTOPSIS
method proposed in this work, taking into account the
adapted metrics and group expertise, makes it possible
to eliminate a number of shortcomings of previous ap-
proaches, providing a more accurate, flexible and sub-
stantiated assessment of alternatives in a multi-criteria
environment. In the conducted scientific research:

* amodified FTOPSIS method is proposed using the
results of group expertise and adaptation of popular
metrics for triangular and trapezoidal fuzzy numbers,
which ensures the preservation of metrics properties
and allows to more accurately assess the distances be-
tween fuzzy ideal and anti-ideal solutions;

e an approach is proposed for determining criteria
weights in the classical TOPSIS method through the
use of linguistic assessments, which allows for more
flexible consideration of uncertainty and subjectivity
of expert assessments and is important for real deci-
sion-making scenarios;

e an approach is proposed for comparing the re-
sults of applying different methods, in particular FTOP-
SIS with the use of triangular and trapezoidal fuzzy
numbers, TOPSIS with triangular and trapezoidal fuzzy
numbers obtained using different metrics, which pro-
vides an opportunity to analyse the scale of deviations
and assess the quality of experts’ work.

CONCLUSIONS

The study analysed the most popular multi-criteria de-
cision-making methods, in particular, such methods as
TOPSIS, FTOPSIS and FAHP. Particular attention was
paid to the analysis of different popular metrics for
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Information technology for solving the multi-criteria decision-making problem...

IHdopmauiiiHa TexHONOri po3BM3aHHA 3aAaui 6araToKpuTepianbHOro
NPUAHATTA pileHb MmoaudikoBaHuM metoaom Fuzzy TOPSIS

AHTOH MakcumoB

AcnipaHT

YepKacbKkuit oepxaBHWUM TEXHOMOTIYHUI YHiBEpPCUTET
18006, 6ynbs. LLleBueHka, 460, M. Yepkacu, YkpaiHa
https://orcid.org/0009-0002-0411-8164
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AHoTauif. AKTyanbHiCTb TEMU AOCNiIAXKEHHS 3yMOBAeHa noTpebol eheKTUBHOroO po3B’A3aHHS 3a4au
HaraTokpuTepianbHOro NPUMHATTA pilleHb B YMOBaX HEYiTKOI iHhopMaLii. Y 383Ky 3 UMM BaXX/IMBOKO NpobaeMoto
€ CTBOPEHHS iHDOPMALIMHUX TEXHONOTIN, SIKi 6 Ha4aBaNM MOXIUBICTb KOPUCTYBAYy 06MpaTH i 3aCTOCOBYBATH
Hanbinblw edekTUBHI MeToaM BaraTokpuTepianbHOro NPUAHATTS pilleHb B yMOBaX HeviTkoi iHdbopmauii. MeToto
[OCNipKeHHs 6yna po3pobka iHhopMaLiiHOi TEXHONOTiT po3B'A3aHHS 3afa4i 6araToKpuUTepPiaibHOro NPUIAHATTA
piweHb MoaudikoBaHum Metonom Fuzzy Technique for Order Preference by Similarity to Ideal Solution (FTOPSIS)
Ha OCHOBi BUKOPUCTAHHA Pi3HUX METPUK i pe3ynbTaTiB rpynoBoi eKcnepTunsu, Wwo nigBuLLY€E AOCTOBIPHICTb
OTPUMaHUX pilleHb. Y Mexax A0CNiIIKEHHS NPOBEAEHO aHaNi3 HAaMNONYNAPHIWMX METOAiIB HaratokpuUTepiafbHOro
NPUAHATTS pilleHb, 30KpeMa MeTOAiB, WO BUKOPUCTOBYIOTb anapaT HEYITKUX MHOXMH. Y CTaTTi NnpoBefeHo
aHani3 pi3HMX NONYASAPHUX METPUK AN OLIHKM BiACTaHEN MK HEYITKMM MO3UTUBHUM ifeanbHUM PO3BA3KOM Ta
HEYiTKMM HeraTMBHUM igeanbHUM po3B’a3koM B meToai FTOPSIS. 3anponoHoBaHO MeTOAMKY A9 MOPiBHSAHHS
pe3ynbTaTiB 3aCTOCYBaHHA pi3HMX MeTofiB, 30kpema FTOPSIS i3 3acTocyBaHHAM TPUKYTHUX Ta TpaneLi€BUAHUX
HeuiTkmux uncen, TOPSIS 3 TpUKYyTHUMU Ta TpaneuieBUAHUMU HEYITKMMM YMCNAMU 19 BUSHAUYEHHS Bar KpUTEPIiB,
L0 HAJAE MOX/IMBICTb MPOAHani3yBaTM MacluTabu BigXnneHb Mix oaepXKaHMMU pe3ynbTaTaMu Ta OLIHWUTU 9KiCTb
po6oTu ekcnepTiB. OTpMMaHi pe3ynbTaTi po3LUMPIOTb MOXIMBOCTI BUKOpUCTaHHa MeTomie TOPSIS i FTOPSIS pns
NPUMHATTA pilleHb B yMOBaxX HaraTokpuTepianbHOCTi Ta HEBU3HAYEHOCTI. SIK MpakTUYHe 3aCTOCYyBaHHS po3pobneHoi
iHbopMauinHoi TexHonorii i MogudikosaHoro metoay FTOPSIS y cTaTTi po3Ba3yeTbca 3aga4a BU6Opy Halkpaloro
3 NONYANSIPHUX CTaHAAPTIB yNpaBniHHA pusnkamu B IT-npoekTax. Lle 403BOAUTL NIABULWNTY eDEKTUBHICTD PUMK-
MeHeIKMEHTY B YMOBaX HEBM3HAYEHOCTi Ta HEMOBHOTH iH(OPMALIT, NiABULLMTY OBI'PYHTOBAHICTb MPUMAHSATUX pilleHb,
a TaKoX afanTyBaTW Npouec ynpasniHHSA pu3nkamu fo cneundiyHMx YMOB KOXHOro okpemoro |T-npoekTty

KniouoBi cnosa: MCDM; MADM; Heuitki MHOXMHM; FTOPSIS; IT-npoekTn; ynpaBniHHA pu3MKaMmu; CTAHLAPTH
yNpaBRiHHS pU3MKaMM
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