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Abstract

Decision-makers are often being faced with imprecise and ambiguous data. In such circumstances, the use of extended
Multiple-Criteria Decision-Making (MCDM) method is more appropriate than the use of other classic decision-making techniques.
This paper develops an evaluation model based on the Technique for Order Performance by Similarity to Ideal Solution (TOPSIS)
to help the selection of the appropriate ore deposit for exploitation in a fuzzy environment. The applicability of the proposed model
is demonstrated with a real case study involving four alternative ore deposits, seven evaluation criteria, and 3 decision-makers.
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1.  Introduction

Many authors have discussed models which are
helpful for making decisions under unpredictable
conditions. The prevalent approach among numerous
others is multi-criteria decision making (MCDM) or multi-
criteria decision analysis (MCDA). This approach, which
enables better management decisions must account for
the variations in stake-holders preferences for criteria,
and conflicting interests and values. At present, which is
very complex and changeable, it becomes more difficult
for decision-makers to identify appropriate alternative
which maximizes all decision criteria [1].

Duckstein and Opricovic said that MCDM might be
considered as a complex and dynamic process,
including one managerial level and one engineering
level [2]. The managerial level includes defining goals
and selecting optimal alternative while engineering level
defines alternatives and indicates the consequences of
selecting any one of them. Belton and Stewart define
MCDM as ,an umbrella term to describe a collection of
formal approaches which seek to take explicit account of
multiple criteria in helping individuals or groups explore
decisions that matter” [3].

MCDM methods have been classified in many
different ways. The best-known classification is based
on the number of alternatives that are under
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assessment and it includes the multi-attribute decision
making (MADM) and multi-objective decision making
(MODM). MADM methods are intended for election of
discrete alternatives. MODM methods are more
appropriate for multi-objective planning problems when
there is the problem of simultaneous maximization or
minimization of several objectives subject to a set of
constraints [4-7].

Significant attention has been focused on applying
of MCDM in resolving decision problems in the field of
natural resources management over the past two
decades. There are a number of papers about the
application of these methods in the field of renewable
resources and sustainable development.
Comprehensive preview is given in the Mendoza and
Martins [7]. But what about the use of MCDM methods
in making decisions in mining?

Mining activities involve a particular level of risk that
is not encountered in most other industries [8], and they
include: geotechnical, mechanical, natural, and
economical activities. Engineers should make a
significant number of decisions which would reduce or
eliminate these risks. Suitable aid in making the
decisions in the field of mining could be the MCDM
methods. These methods were often used for the
selection of the mining method that is convenient for the
particular ore deposit. For example, Alpay and Yavuz
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considered a decision support system for underground
mining method selection [9]. The authors also tried to
discover the optimum mining method by using the fuzzy
analytic hierarchy process (AHP) [10-11]. Samimi Namin
et al. proposed a new model for mining method
selection based on the fuzzy decision making [12]. In
their paper, Bogdanovic et al. applied the combination of
the AHP and PROMETHEE methods for mining method
selection [13], while Popovi¢ et al. proposed the use of
the PIPRECIA-E method for the same purpose [14].
Besides the mining method selection, the authors have
used the MCDM methods for the facilitation of the
decision making directed to the other areas of mining.
Azimi et al. ranked strategies of the mining sector
through AHP and TOPSIS in a SWOT framework [15].
Kluge and Malan analyzed the application of the AHP
method in complex mining engineering design problems
[16]. Additionally, the authors have proposed the
application of the MCDM methods for resolving the
problems connected to the grinding circuit design
selection [17-18] and for reconnaissance of minerals
[19].

Choosing the right ore deposit for exploitation is also
one of the risks with which mining engineers are faced.
MCDM methods could be useful in the preliminary
analysis for the selection of adequate ore deposit. In
this paper the fuzzy TOPSIS method was used in order
to select adequate ore deposit for exploitation. TOPSIS
is widely applied in solving decision-making problems
and risk analysis. Comprehensive preview is given in
Jiang et al. [20]. Wang et al. used TOPSIS in fuzzy
environment for the evaluation of initial training aircraft,
and Mahmoodzadeh et al. assessed the projects by
using fuzzy AHP and TOPSIS technique [21]. TOPSIS is
also used for performance evaluation of Turkish cement
firms [22], for bridge risk assessment [23] and for TQM
consultant selection in SME's [24]. In mining, fuzzy
TOPSIS is often used for equipment selection [25], for
planning the mine reclamation [26], and shaft location
selection [27]. Besides, the authors have proposed the
various extensions of the TOPSIS method [28-30].

The main objective of this paper is to propose a
systematic evaluation approach to help mining
engineers in their preliminary analysis and selection of
an ore deposit under fuzzy multi-criteria environment.
Also, this paper is focused on emphasizing the
applicability of the proposed approach. Evaluation within
the ore deposit selection process is performed from the
perspectives of mining engineers. This study utilizes the
linguistic variables to determine the weights of criteria

and TOPSIS method extended with triangular fuzzy
numbers to obtain the performance ratings of the
feasible alternatives [31]. This approach is proposed for
the following reasons: (a) TOPSIS method is intelligible
and logical; (b) the calculation procedure is
unambiguous; (c) the approach enables the inquiry of
the most suitable alternative regarding each criterion
illustrated in an elemental mathematical form; and (d)
the criteria weights are integrated into the process of
evaluation [31-34].

The paper is organized as follows: section 2 briefly
introduces the fuzzy set theory; alternative ore deposits
and criteria are shown in section 3; section 4 contains
proposed model; in section 5 numerical example is
illustrated; and section 6 contains the conclusion.

2. Fuzzy set theory

The classical MCDM methods are based on the use
of the classical set theory, where an element belongs or
does not belong to the set.

Let A be a classical set of objects, called the
universe, whose generic elements are denoted by x.
The belonging to a set A can be represented by
membership functions p, which have the following form
[35]:

b= ea)

Unfortunately, many real-world decision-making
problems are often related to the impact of uncertainty,
which cannot be easily expressed using the classical
sets.

Zadeh introduced the Fuzzy set theory in 1965,
which permitted partial membership in a set [36]. This
enabled the use of the other types of numbers such as
triangular, trapezoidal, and bell-shaped numbers, and
not only the crisp numbers. Additionally, as an extension
of the fuzzy sets, the computation with words that
implies a technique for the interpretation of the natural
language requirements was introduced.

(1)

2.1. The triangular fuzzy numbers

Triangular fuzzy number A (Figure 1) can fully be
characterized by a triple of real numbers (I,m,u) where
parameters |, m, and u indicate the smallest possible
value, the most promising value, and the largest
possible value that describe a fuzzy event [22, 35]. The
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membership function of the fuzzy number A is defined
as:

0 X<
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Figure 1 Triangular fuzzy number [37]

Let A and B be two triangular fuzzy numbers,
parameterized by the triplet (I;,mq,us) and (l,,my,u,)
respectively, then the operational laws these two
triangular fuzzy numbers are as follows [31]:

A(#)B=(ly+,my+my,us+uy) )
/E\(')B~=(|1'U2,m1'mz,U1+|2) (4)
A(><)B=(I1||2,m1m2,u1u2) (%)
= s (M MUy

A(*)B-(u—z,m—z,g) (6)
k()A=(Kly kmy kuy) (7)
(11

®) _(U—1,m—1,n) ®)

According to the vertex method, the distance
between fuzzy number A and B is calculated as [37]:

dE('Z\B)z %[(I1-|2)2+(m1+m2)2+(u1—u2)2] (9)

2.2. Linguistic variable

Series of papers by Zadeh [38-40] introduced the
concept of linguistic variables. According to Zadeh, the
linguistic variables are defined as variables whose
values are words or sentences in a natural or artificial
language.

The concept of linguistic variable is very suitable for

dealing with many real-world problems that are usually
complex, slightly defined and related to uncertainties.
The exclusive use of crisp numbers to represent the
performance ratings of alternative and/or criteria weights
when solving complex real-world problems requires
some kind of averaging. In contrast, the use of linguistic
variables, which are represented with corresponding
fuzzy numbers (Figure 2), in such case is more
appropriate.
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Figure 2 The membership functions of a linguistic
variables

In the literature, numerous studies consider the use
of numerous linguistic scales. For purposes of this paper
we propose the application of linguistic scales proposed
by Wang and Chang [31] and Wang and Chang [41],
which are shown in Table 1 and 2.

Table 1 Linguistic scales for the weight of criteria
Corresponding triangular

Linguistic variable f
uzzy number
Very low (VL) (0,0.1,0.3)
Low (L) (0.1,0.3,0.5)
Medium (M) (0.3,0.5,0.7)
High (H) (0.5,0.7,0.9)
Very high (VH) (0.7,0.9,1.0)

Table 2 Linguistic scales for the ratings of alternatives
Corresponding triangular

Linguistic variable f
uzzy number
Very poor (VP) 0,1,3)
Poor (P) (1,3,5)
Medium (F) (3,5,7)
High (G) (5,7,9)
Very high (VG) (7,9,10)

3. Ore deposits in Central Serbia

Making a decision about the exploitation of some
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ore deposit is connected to a certain amount of risk.
Decision-makers use appropriate methodologies which
help them to avoid or reduce the risks and make the
right decision. In this paper, we propose an approach for
ore deposit selection based on the fuzzy TOPSIS
method. This approach is helpful in the preliminary
ranking of ore deposits.

Fuzzy TOPSIS is applied to the ore deposits
selection in Central Serbia. The main metal in these
deposits is copper, including some amounts of silver
and gold. Question is: Which of these deposits should
have priority in exploitation? The criteria, under which
multi-criteria analysis is performed, were derived
through investigation the literature [42-44] and
consultation with three experts. In this case, the effect of
exploitation on the environment, as well as the
economic aspect of exploitation were not included. The
criteria are as follows:

e C; - Copper content in ore (%). The ore deposit
with higher copper content has the advantage.

e C,- Silver content in ore (g/t). The ore deposit with
higher silver content has the advantage.

e C;- Gold content in ore (g/t). The ore deposit with
higher gold content has the advantage.

e (C, - Examination of the balance reserves.
Explored masses of the minerals in the deposit or
part of the deposit which can be rationally and
economically used with present techniques and
technologies of exploitation and processing. Better
examined deposits have the advantage.

e C;- Location. Geospatial position of the ore deposit
and transport infrastructure. The ore deposit which
has a better position and which is closer to the major
highways is desirable.

o (g - Size of ore deposit. The bigger ore deposit is
more desirable for exploitation.

¢ C;- Mining-geological conditions of exploitation.
Mining-geological ~ conditions  include  many
characteristics of the ore deposit, such as the shape
of the ore body, depth, contact with the surrounding
rocks and others that are very significant for
selection of exploitation method and have an
influence on the exploitation costs.

The following four ore deposits in Central Serbia
were compared:

e A; - Juzni revir -Majdanpek district. Ore deposit
called Juzni revir is the biggest in this area. Ore
reserves of this deposit amount near 405x108 dry
ore, with the average content of copper of 0.335%,
gold 0.188 g/t, and silver 1.26 g/t. The total amount

of metal in this geological reserve of ore is
1,356,670 t of copper, 76,256 kg of gold, and
510,883 kg of silver.

e A, - Severni revir - Majdanpek district. The
Severni revir is the second ore deposit according to
size, which is located near Majdanpek. There are a
few smaller ore bodies in this area which economic
significance is questionable from the perspective of
longer exploitation. Ore reserves of Severni revir
amount near 220x108 t, with 0.306% of copper,
0.263 g/t of gold, and 2.001 g/t of silver, with total
amount of copper 673,880 t, 57,878 kg gold, and
440,537 silver [45].

e A; - Aldinac - Knjazevac district. Aldinac is
located in the KnjaZevac district, which is in Central
Serbia, near the border with Bulgaria. In the period
from 1956 to 1958, RTB Bor was doing research in
area of Aldinac and found significant amount of gold,
silver, and bismuth. Content of certain metals in this
area are: copper 4%, gold 24 gft, silver 120 g/t, etc
[46].

e A4 - Markov kamen - Boljevac district. This ore
deposit is located nearl the town of Boljevac.
Chemical analysis shows low content of copper in
these reserves, while the content of silver is high
and it goes from 16.1 g/t to 32 g/t, even 144 g/t in
some parts of the deposit. Maximum content of gold
is about 0.2 g/t [47].

4.  Proposed method

A systematic approach pointed to the development
of the extended TOPSIS method which will be used for
ore deposit selection problem in fuzzy environment is
proposed in this section. The basic steps of the
proposed methodology consist of the following items:

o Step 1 - Determine the objectives, available
alternatives and the evaluation criteria.

o Step 2 - Determine the weights of evaluation
criteria.

In MCDM, the weights of criteria are very significant.
As a result, a number of different approaches is
proposed in literature, such as pairwise comparisons
taken from the AHP method, Entropy method and so on.
To determine a more realistic weight of criteria it is often
necessary to examine the opinion of several experts,
from a given field. In such cases the use of linguistic
variables can be very appropriate.

Several linguistic scales with various numbers of
elements were proposed in literature. The use of
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different fuzzy distribution forms for quantification of
linguistic variables, such as trapezoidal, triangular, and
interval form were studied as well. In this approach, the
use of linguistic scale with five variables is proposed,
shown in Table 1, which is adopted from Wang and
Chang [31, 41].

For a decision-making problem which involves
decision-makers, where the performance ratings are
expressed using the triangular fuzzy numbers, the fuzzy
weights of evaluation criteria can be calculated using the
following formula:

1
W= (@ +wf+...+W)) (10)

where W; represents fuzzy weight of j-th criterion, WJK
represent the weight of j-th criterion assessed by k-th
decision-makers, expressed using triangular fuzzy
numbers; j=1,2,...,n; n is number of criteria;
k=12,...,K
e Step 3 — Determine the performance ratings of
alternatives and construct the fuzzy decision
matrix.
An ore deposit selection problem, which involves K
decision makers, can be expressed in the matrix as
follows:

D=[x! (1)

T mxn

where f)k is fuzzy decision matrix formed by k-th
decision maker/expert; )”(I‘j fuzzy performance rating,
expressed in the form of linguistic variables, of i-th
alternative to the j-th criterion given by k-th decision
maker; i=1,2,....,m; m is number of alternatives;
j=12,...,n; nis number of criteria; k= 1,2, ..., K.

The values from Table 2 are used for alternative
performance according to the considered criteria.

As a result of previous action, we have k decision
matrix. Because of that it is necessary to form resulting
decision matrix:

where X; represent the resulting performance rating of i-

th alternative to the j-th criterion, and its value is
determined by follows the equation:

1
%= (xj#%5+...4%5) (13)

where X; is a fuzzy performance rating of i-th alternative
to the j-th criterion.

During forming the resulting fuzzy decision matrix,
shown by equation (13), the linguistic variables are
transformed in a corresponding triangular fuzzy
numbers also.

o Step 4 — Normalize the fuzzy decision matrix.

The next step in the proposed methodology is to
normalize fuzzy performance ratings and construct a
normalized fuzzy decision matrix R, as follows:

where F; is normalized fuzzy performance rating of i-th
alternative to the j-th criterion.

Ordinary TOPSIS is based on the use of Vector
normalization method. Due of its complexity, in many
extensions of TOPSIS method Vector normalization
method is substituted with significantly easier linear
scale transformation, and normalized fuzzy performance
ratings determine by using the following equation:

. (@ b ¢

rij=<c—fi,c—fi,c—fi) (15)
J J ]

where

¢'=max ¢; (16)

o Step 5 — Construct weighted normalized fuzzy
decision matrix.

Considering the different weight of each criterion,
the next step in proposed methodology is forming of
weighted normalized fuzzy decision matrix V. The
weighted normalized fuzzy decision matrix V can be

expressed as follows:

where

o Step 6 - Determine the fuzzy positive ideal
solution and fuzzy negative ideal solution.
Included in the ordinary TOPSIS, the positive ideal

solution indicates the most preferable alternative A’

and the negative ideal solution indicates the least
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preferable alternative A", which can be determined using
the following equations:

A'={viv5,... Vi )=
= {(miax %1je’), (miin il je)}
A={vivy,.. v }=

{(miax Vil jEQ+) , (miin Vi | J'EQ.)}

(19)
(20)

where Q" and Q" denote a set of benefit and cost type
criteria, respectively.

In a number of TOPSIS extensions, different authors
had different approaches for determining the ideal point.
Some of them still use ideal and anti-ideal point, while
some of them use fuzzy ideal and anti-ideal point with
the following coordinates vj*=(1,1,1) and ¥=(0,0,0),
when | is benefit type criteria, or opposite \7j+=(0,0,0)
and ¥;=(1,1,1), when j is cost type criteria.

In the proposed approach the positive and negative
ideal solution are sets of fuzzy numbers, as follows:

A'={¥}33,...,.¥;}, and (21)
A={"1.%,... 7} (22)
where VJ-" and ¥ represent fuzzy number

Sr=(ylt yme ut =yl ym- U i i
7=(v V™) and §=(v V] M) which left, middle

right borders are computing as follows:

maxvj; jeqQ’
v=g ol ] (23)
P minvl;  jeq
i
. (max v jeQ’
M=y 1 24
! miin v jeQ (24)
. max vi'; jeq’
U+ — |
P minv ;e 29
I
maxvj; jeqQ’
=4l (26)
minv;; (0]
I
maxv{"; jeq’
vit=4 ! 27
! min v jeQ (27)
maxvi'; jeQ’
VS S (28)
minv';  jeQ

o Step 7 - Calculate the distances of each
alternative from the ideal and the negative ideal

solutions.

The distance of each alternative from the fuzzy
positive ideal A" and fuzzy negative ideal A" solutions
can be calculated as:

n

di=> d(vv) (29)

=

and

n

o= Z d(vi¥) (30)

=1

where d(*,*) is the distance measurement between
two fuzzy numbers, and in proposed approach these
distances are calculated using the equation (9).
o Step 8 - Calculate the closeness coefficient.
After all, as in ordinary TOPSIS, closeness
coefficient can be determine by using the equation:

O (31)

Once the closeness coefficient is determined, the
ranking order of all alternatives can be obtained.
o Step 9 - Rank the alternatives.

A set of alternatives can now be ranked according to
the descending order of C;, and the one with the
maximum value of C; is the best.

5.  Numerical example

A numerical example is illustrated for presenting the
applicability of the fuzzy TOPSIS for ore deposits
selection in Central Serbia. Four ore deposits (A, Ay, A;
and A,) are evaluated by three experts against seven
evaluating criteria (C4, C,, Ca,..., C;), which are above
mentioned. Table 3 shows the data on mentioned ore
deposits according to different criteria.

In order to evaluate the ore deposits, a group of
three experts is formed. At the beginning, each expert
evaluates the selected evaluation criteria, using the
linguistic variables from Table 1. Assigned linguistic
variables and the weights of criteria, obtained by using
equation (10) are shown in Table 4.

In the next step, experts evaluate the performance
ratings of considered alternatives to the selected criteria,



G. Popovic et al. / JMM 56 A (1) (2020) 59 - 71

65

also using linguistic variables, but now from Table 2.

and corresponding quantitative values are shown in

Assigned linguistic variables for performance ratings  Table 5.
Table 3 Input data
Copper Silver Gold Examination Size of  Mining-geological
content  content content  of balance Location  theore conditions of
% glt glt reserves deposit exploitation
max max max max min max max
Juzni revir 0.335 1.260 0.188 high average high high
Severni revir 0.306 2.001 0.263 high average high high
Aldinac 4.000 120.000  24.000 very low low very low very low
Markov kamen  0.100  16.1-144  0.2000 very low low very low very low
Table 4 Weights of the criteria
Criteria E, E, Es W
Cy Copper content VH H H [0.33,0.50, 0.70]
C, Silver content M H M [0.37,0.57,0.77]
C;  Gold content H H H [0.50, 0.70, 0.90]
C, Examination of balance reserves H VH VH [0.17,0.30, 0.50]
Cs Location L M L [0.17,0.37,0.57]
C¢  Size of the ore deposit H H VH  [0.33,0.50, 0.70]
C; Mining-geological conditions of exploitation VH VH H [0.17, 0.30, 0.50]
Table 5 Performance ratings of criteria
Criteria E, E, Eq W
A P G P [2.33,4.33,6.33]
¢ A, P G P [2.33,4.33,6.33]
! A, VG P VG [500,7.00,8.33]
A, VG P VP [267,433,6.00]
A, F G F [367,567,7.67]
c A, F G F [367,567,7.67]
2 A VG P VG  [5.00,7.00,8.33]
A, VG P VG [500,7.00,8.33]
A, F G P [3.00,5.00,7.00]
c A, F G P [3.00,5.00,7.00]
3 A, VG P VG [5.00,7.00,8.33
A F P P [1.67,3.67,5.67]
A VG VG VG [7.00,9.00, 10.00]
¢ A, VG VG VG [7.00,9.00,10.00]
4 A, VP VP P 033,167,367
A, VP VP VG 233,367,533
A, G F F [367,567,7.67]
c A, G F F [367,567,7.67]
5 Ay F P F [233,4.33,6.33]
A, F P P [1.67,3.67,5.67]
A, G G G [5.00,7.00,9.00]
e A, G G G [5.00,7.00,9.00]
6 A, VP P P [0.67,233,433
A, VPP P [0.67,2.33,4.33
A, P VG P [300,500,6.67]
c A, F VG F [4336.338.00]
7 Ay F VP F 200,367,567
A, F VP F 200,367,567
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Based on the data shown in Table 5, using the shown in Table 6a and 6b.

equation (13) a fuzzy decision matrix is formed, which is

Table 6a Fuzzy decision matrix

C4 G, G, C,
W [0.33, 0.50, 0.70] [0.37,0.57,0.77] [0.50, 0.70, 0.90] [0.17,0.30, 0.50]
Opt. min min min min
A [2.33, 4.33, 6.33] [3.67,5.67,7.67] [3.00, 5.00, 7.00] [7.00, 9.00, 10.00]
A, [2.33,4.33,6.33] [3.67,5.67,7.67] [3.00, 5.00, 7.00] [7.00, 9.00, 10.00]
A;  [5.00,7.00,8.33] [5.00, 7.00, 8.33] [5.00, 7.00, 8.33] [0.33,1.67, 3.67]
A, [2.67,4.33,6.00] [5.00, 7.00, 8.33] [1.67, 3.67,5.67] [2.33, 3.67, 5.33]

Table 6b Fuzzy decision matrix (continued)

Cs Ce G,

W [0.17,0.37,0.57]  [0.33,0.50,0.70]  [0.17,0.30, 0.50]
Opt. max max max

A, [3.67,5.67,7.67] [5.00,7.00,9.00] [3.00,5.00, 6.67]

A, [3.67,567,7.67] [5.00,7.00,9.00] [4.33,6.33,8.00]

A;  [2.33,4.33,6.33] [0.67,2.33,4.33] [2.00, 3.67,5.67]

A, [1.67,3.67,567] [0.67,2.33,4.33] [2.00, 3.67,5.67]

After that, using the equations (14)-(16) a normalized fuzzy decision matrix are shown in Table 7a

normalized fuzzy decision matrix is formed. The

Table 7a Normalized fuzzy decision matrix

and 7b.

C,
A, [0.28,052,0.76]  [0.44,0.68,0.92]  [0.36,0.60,0.84]  [0.70, 0.90, 1.00]
A, [0.28,052,0.76]  [0.44,0.68,0.92]  [0.36,0.60,0.84]  [0.70, 0.90, 1.00]
A, [0.60,0.84,1.00] [0.60,0.84,1.00]  [0.60,0.84,1.00]  [0.03,0.17,0.37]
A, [0.32,052,072] [0.60,0.84,1.00]  [0.20,0.44,0.68]  [0.23,0.37, 0.53]

Table 7b Normalized fuzzy decision matrix (continued)

Cs Ce G,
A, [0.48,0.74,1.00]  [0.56,0.78,1.00]  [0.38, 0.63, 0.83]
A, [0.48,0.74,1.00] [0.56,0.78,1.00] [0.54,0.79, 1.00]
A;  [0.30,057,0.83] [0.07,0.26,0.48] [0.25,0.46,0.71]
A, [0.22,0.48,0.74] [0.07,0.26,048]  [0.25,0.46,0.71]
In the next step by using the equations (17) and formed (Table 8a and 8b).

(18), the weighted normalized fuzzy decision matrix is

Table 8a Weighted normalized fuzzy decision matrix

G,
A, [0.09,0.26,053] [0.16,0.39,0.71]  [0.18,042,0.76]  [0.12, 0.27, 0.50]
A,  [0.09,0.26,053]  [0.16,0.39,0.71]  [0.18,0.42,0.76]  [0.12,0.27, 0.50]
A;  [0.20,042,070]  [0.22,048,0.77]  [0.30,0.59,0.90]  [0.01,0.05,0.18]
A, [0.11,0.26,050] [0.22,048,0.77)  [0.10,0.31,061]  [0.04,0.11,0.27]
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Table 8b Weighted normalized fuzzy decision matrix (continued)

Cs

Ce G

A, [0.08,0.27,057]

[0.19, 0.39, 0.70]

[0.06, 0.19, 0.42]

A, [0.08,0.27,057] [0.19,0.39,0.70]  [0.09, 0.24, 0.50]
A;  [0.05,0.21,047] [0.02,0.13,0.34]  [0.04,0.14, 0.35]
A, [0.04,0.18,042]  [0.02,0.13,0.34]  [0.04,0.14, 0.35]

The best (ideal) A}'and the worst (negative ideal) A;
performance rating, for every criterion are determined

Table 9a The ideal and anti-ideal performance ratings

using the following equations (21)-(28), and these
values are shown in Table 9a and 9b.

C, C,

C3 C4

X" [0.20,0.42,0.70]

X [0.09,0.26,0.50]

[0.22,0.48,0.77]
[0.16,0.39, 0.71]

[0.30,059,0.90]  [0.12,0.27, 0.50]
[0.10,0.31,0.61]  [0.01,0.05, 0.18]

Table 9b The ideal and anti-ideal performance ratings (continued)

Cs Ce [
X" [0.08,027,057] [0.19,0.39,0.70]  [0.09,0.24, 0.50]
X [004,0.18,042] [0.02,0.13,034]  [0.04,0.14,0.35]

Equations (9), (29), and (30), respectively derive the
distance of each alternative ore deposit to the fuzzy
positive ideal reference point and fuzzy negative
reference point, as shown in Table 10 (columns | and II).
Once the distance of ore deposit from FPIRP and
FNIRP are determined, the closeness coefficient can be
obtained with equation (31) and the rank of the ore
deposits can be made. Table 10, column Il and IV,

method [48, 49] is applied. The SAW is a well-known
and widely used method and therefore it is involved in
the testing of the results in this case. In Table 11 the
results obtained by applying the fuzzy SAW method are
presented.

Table 11 The results obtained by applying the fuzzy
SAW method

shows closeness coefficient and rank of ore deposit. Alternatives | m r S; Rank
" A 013 031 060 0.34 2
Table 10 The closeness coefficient and rank of the ore A, 013 032 061 035 1
deposit A 012 029 053 031 3
Alternatives D’ D G Rank A 008 023 047 0.26 4

| Il 1] [\

A, 0.73 1.37 0.65 2 As can be seen, the ranking order is the same as

A, 0.63 1.47 0.70 1 that one gained from applying the fuzzy TOPSIS

A, 1.18 0.91 0.43 3 method. The alternative A,, i.e., the ore deposit called

A4 1.85 0.25 0.12 4 Juzni revir is in the first place. The only difference

The final results show that the ore deposit Juzni
revir is the best choice for the given conditions. The
second choice is Severni revir, the third is Aldinac, while
the last is Markov kamen.

In order to define whether the obtained results are
reliable and justified, it is desirable to perform a
comparison with other proved MCDM methods. In this
case, for the verifying of the gained results, the fuzzy
extension of the Simple Additive Weighting (SAW)

relative to the previous results is that the first and the
second alternatives have very close results so it can be
concluded that the nuances decided the best choice in
this situation.

The presented case clearly outlined the key
advantage of the fuzzy TOPSIS method relative to the
method used for comparison. Namely, the TOPSIS
method gave results that doubtless propound a certain
alternative as the best choice. Hence, the decision-
making process is performed in an easy way and
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without any doubt regarding the performed selection. In
the other case, the same results or the results very
close to each other could provoke the making of the
inappropriate decisions for the present conditions.
Besides its reliability, the computation procedure is
relatively understandable and simple. By introducing the
fuzzy numbers, the optimistic, pessimistic and real
expectations are involved in the decision-making
procedure making the results more realistic and rational.

6. Discussion and conclusion

Selection of an appropriate ore deposit for
exploitation among several alternatives must be
followed by consideration and evaluation of many
conflicting criteria, which leads to a large set of
subjective and ambiguous data. The effective evaluation
approach is the key of successful decision-making. This
paper presents a scientific framework for decision
making in the field of mining, i.e., of ore deposit
selection, which relies on triangular fuzzy numbers for
expressing the linguistic variables that represent the
subjective judgments of evaluators and adopts fuzzy
multiple criteria decision making approach in order to
consolidate the group decision.

In this case, the assessment of the four ore deposits
was performed by using fuzzy TOPSIS in the group
environment and the results addressed the JuZni revir
as the most suitable for exploitation. If we look at the
input data, we can easily conclude that this alternative
meets the all criteria. Some of the criteria are little bit
less relative to the other alternatives (% of copper or
gold), but its location, size and exploitation conditions
justifies its first position.

The proposed methodology based on the fuzzy
TOPSIS method proves its applicability in the case of
ore deposit evaluation and selection. It could be a useful
tool for evaluating and ranking of any given set of
alternative ore deposits because it offers a more
objective, simple and consistent evaluation which is
convenient for the preliminary analysis. The main
deficiency of the paper reflects thorough the chosen
evaluation criteria. The obtained results would be more
representative if the additional criteria are involved such
as mineralogical composition as well as the ecological
and economic aspects of exploitation. But, despite
that, the proposed methodology could be a useful
aid for the mining engineers and help them to
facilitate the decision process in the field of mining
exploitation.
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lzvod

Donosioci odluka se Cesto susrecu sa nepreciznim i nejasnim podacima. Pod datim uslovima, upotreba ekstenzije metode
Visekriterijumskog Odlucivanja (VKO) je pogodnija od upotrebe ostalih klasicnih metoda za donoSenje odluka. U ovom radu je
predstavlien model za evaluaciju koji se zasniva na TOPSIS metodi, a koji je namenjen izboru odgovarajuceg rudnog leZista u fazi
okruzenju. Primenljivost predlozenog modela je predstavljena na studijii slucaja koja ukljucuje cetiri rudna leZista, sedam
evaluacionih kriterijuma i tri donosioca odluka.

Kljuéne reéi: Odabir rudnog lezista; Fazi TOPSIS metoda; VKO.




