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ABSTRACT

This study presents a practical approach used to find the best location for installing a new stone crusher machine
and the landfill (waste) in the Sarcheshmeh copper in-pit mine located in the southeast of Iran. Fuzzy analytical
hierarchal process (FAHP) and technique for order preference by similarity to ideal solution (TOPSIS) are the two
methods, which applied in the study as a part of multi-criteria decision making (MCDM) analysis. In the first part
FAHP method was utilized to find the ideal location for the stone crusher machine, and in the next part TOPSIS
(in combination with Shannon entropy weighting) was used in landfill selection. The analysis was performed using
the data collected from experts (engineers, mine specialists, and managers). The North, South, East, and West
sides of the mine were considered as potential alternatives, and 21 factors were considered as criteria for
computational analysis. The obtained results from FAHP suggested that the best alternative was alternative 3 (East
side of the mine) to place the new stone crusher machine. Considering solid waste management, the TOPSIS
method demonstrated that alternative 1 (North side of the mine) was the best location to be considered for landfills.
Finally, a sensitivity analysis was carried out to examine the effects of changes in weights of criteria on the obtained
results.

Keywords: Multi-criteria decision making, Shannon entropy, fuzzy analytical hierarchy process (FAHP), location
decision technique for order preference by similarity to ideal solution (TOPSIS).

FAHP ve TOPSIS kullanilarak yeni tas kirma makinesi ve kat1 atik
sahas1 i¢in en 1yi yerin sec¢ilmesi: bir bakir madeni 6rnegi

Oz

Bu calisma, Iran'm giineydogusundaki Sarcheshmeh bakir cukur madeni icin yeni bir tas kirma makinesinin ve
kat1 atik sahasinin (atik) yeri hakkinda karar vermek i¢in pratik bir yaklagim sunmaktadir. Bu ¢calismada, Bulanik
analitik hiyerarsik Prosesi (FAHP) ve technique for order preference by similarity to ideal solution (TOPSIS), ¢cok
kriterli karar verme (MCDM) analizinin bir parcasi olarak kullanilan iki yontemdir. Birinci boliimde tas kirma
makinesi i¢in en uygun yeri bulmak icin FAHP yontemi kullanilmis, daha sonra depolama alani se¢imi i¢in
TOPSIS (Shannon entropi agirliklandirmast ile birlikte) kullanilmistir. Analiz, uzmanlar (miithendisler, maden
miitehassislar ve yoneticiler) toplanan verilere dayanilarak yapilmistir. Madenin kuzey, giiney, dogu ve bati tarafi
potansiyel alternatifler olarak kabul edilmis ve hesaplamalar i¢in 21 faktor kriter olarak kabul edilmistir. FAHP'den
elde edilen sonuglar, yeni tas kirma makinesinin yerlestirilmesi igin en iyi alternatifin alternatif 3 (madenin dogu
tarafi) olmasini onermistir. Kati atik yonetimi dikkate alindiginda ise TOPSIS yontemi, alternatif 1'in (madenin
kuzey tarafi) diizenli depolama alanlar1 i¢in en iyi yer oldugunu gostermistir. Son olarak, kriterlerin agirliklari
degistirildiginde sonuglarin nasil degisecegini incelemek igin bir duyarhilik analizi yapilmastir.

Anahtar Kelimeler: Cok kriterli karar verme, Shannon entropy, bulanik analitik hiyerarsi Prosesi (FAHP), konum
karar, ideal ¢oziime benzerlige gore siparis tercihi teknigi (TOPSIS).
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. INTRODUCTION

One of the major factors in mining engineering is the method that is used for evaluating different location
alternatives. Generally, steps of a mining project endanger the environment’s original condition,
therefore, it is crucial to implement a suitable approach during the planning stage [1]. One of the steps
in the planning stage is location decisions. Choosing a location requires long-term capital commitment
and has an important effect on the operation procedures performance, and cost [2]. A selection of optimal
location not only reduces fixed and variable costs for equipment installation and transportation but also
increases operations and transportation speed. Location decision is the main issue for planning new
development procedures [3]. It has different applications in different fields such as healthcare [4], power
plants [5,6], distribution centers [7], and mining [8].

One of the common approaches for location decisions is multi criteria decision making (MCDM) method
[9]. In another word, location selection is a classical MCDM problem. MCDM is the most long-familiar
type of decision making [10]. Numerous scholars suggest MCDM as a suitable methodology to handle
conflicting and both quantitative and qualitative objectives [11,12]. Three main steps of MCDM by the
order are data processing, scheduling, and evaluation [13]. The planning procedure involves two
methodologies, which are multi attribute decision-making (MADM) and multi objective decision
making (MODM). In general, MCDM is classified into two classes: continuous and discrete MADM
[14].

Famous researchers in the MCDM field utilized many different techniques. The most common
techniques are analytical hierarchal process (AHP), the technique for order preference by similarity to
ideal solution (TOPSIS), analytical network process (ANP), grey relational analysis (GRA), elimination
and choice expressing reality (ELECTRE), linear programming technique, simple additive weighting
(SAW), linear assignment method, conjunctive disjunctive method, maxi-max, and maxi-min [15].
These techniques have been applied for several application processes which have their characteristics in
finding the ideal solution. For instance, in a study which was done by Lin and Tsai in 2010, MCDM was
used to model location alternatives for the joint venture in new hospitals in China. They employed ANP
to the proportional weighting of multiple rating criteria and then applied the TOPSIS method to rank 15
counties based on their overall performance [16]. Typically, the ELECTRE method is used when
decision-makers’ knowledge is vague and inaccurate [17]. In a study that faces such difficulty for plant
location selection problems, researchers combined multi criteria intuitionistic fuzzy group decision
making with the ELECTRE technique to find a suitable plant location [17]. Sometimes, combinations
of two or more methods are used as a hybrid MCDM model for decision making and results seem to be
preferable to those developed by a single MCDM method. Wang et. al in 2015 combined the SAW,
TOPSIS, and GRA techniques to solve real-life MCDM problems and to select more accurate
alternatives [18]. In another study performed by Shaverdi et al in 2016, they Combined Fuzzy TOPSIS
and FAHP with financial ratios to design a novel performance assessment framework to rate the several
organizations in the lIranian petrochemical industry [19]. Several researchers combined the Fuzzy
technique with MDCM techniques (such as AHP and TOPSIS) for Group Decision Making Approach
[20,21].

As mentioned earlier, one of the popular MCDM techniques is the analytical hierarchical process (AHP)
method. AHP was developed by Saaty in the late 1970s [22]. Later, in 2004, he developed the
mathematical foundations by the independence of the important factors from the possible choices as in
the AHP and also with dependence and feedback in the full decision making system as in the analytic
network process (ANP)[23]. AHP method was applied in distinct areas such as warehouse site selection
in production system [24], decision model for site location selection [25], global facility location-
allocation problem [26], logistics of industrial location decisions [27], and warehouse location decision
[28]. Besides, the technique was employed in different areas such as engineering, manufacturing,
industry, politic, social, education, and management [29]. Often AHP techniques were used along with
the geographical information system (GIS) technique for landfill (waste) site selection purposes [30-
32].
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Another useful technique for location selection is TOPSIS. Hwang and Yoon originally developed it in
1980. Later the method was improved by Yoon in 1987, Hwang, Lia, and Liu in 1993 [33,34]. TOPSIS
was utilized as a multi objective optimization approach for the location-allocation problem [35], pipe
material selection in the sugar industry [36]. Optimal location selection of emergency operation centers
[37], and to decide about the best location for Wastewater Treatment Solution [38]. Furthermore, from
time to time it was combined with fuzzy techniques as an MCDM approach for location selection [39],
[40].

In the Recent Times, scholars combined fuzzy logic with MCDM techniques to solve decision-making
problems. For instance, Erdogan and Kaya in 2016 combined MCDM and fuzzy approach to decide the
most beneficial area for a nuclear power plant in Turkey. First, they applied type Il FAHP to find the
weight unit of criteria, and then type 1l FTOPSIS was applied to determine the best alternative for the
nuclear power plant location [5].

The remainder of this study is structured as follows: In Section 2, data collection and criteria evaluation
was introduced. After that, the FAHP method and Integration of the Shannon Entropy and TOPSIS
method were explained in the methodology section. Finally, computational results and future studies
were discussed in section 4.

1I. DATA COLLECTION AND CRITERIA EVALUATION

A. PROBLEM STATEMENT AND MOTIVATION

In general, before the mining excavation project is started many experimental studies must be completed
to predict the amount of ore deposit (in this study copper) that might be extracted from the mine.
Nevertheless, the estimated outcomes of the experiments are based on probability theory. There are
possible changes in the advent of variation to geology or sudden failure in the project. For that reason,
investors are not willing to invest high capital at the beginning of excavation and drilling in a project.

This study was carried out in the Sarcheshmeh copper complex. It is one of the largest porphyry copper
in the world. The mine is located southeastern of Iran, 65 km southwest of Kerman city, (Fig. 1.a)[41].
After few years the mining excavation started at the Sarcheshmeh copper complex, mining engineers
find out that the amount of potential copper inside of the mine is much more than what they predicted.
Therefore, the project manager decided to expand the mining excavation. Consequently, a new stone
crusher machine is needed to speed up the utilization procedure, and the location for that stone crusher
and its wase must be identified. This study aims to find the best location for the new stone crusher
machine and landfill using FAHP and TOPSIS methods.

B. POSSIBLE ALTERNATIVES AND CRITERIA SELECTION

Because of the geometric shape of the Sarcheshmeh in-pit mine and save time and capital, the new stone
crusher machine must be close to the sides of the mine. As it is depicted in Figure 1. (a), the top view of
the mine is similar to the rectangle. After primary investigation and analysis were done by geomatic and
civil engineers using the Geographical Information System (GIS) tool, they decided to select four
locations as alternatives in this study. At the same time, because the mine surrounds a vast area, for
safety reasons, and many other factors, accurate calculations and analysis need to be done to select an
optimal location.

There are only 4 potential locations close to the mine that have enough space to install the new stone
crusher machine. The approximate location of each of them is shown in Figure 1. (a) (A1 North, A,
South, Az East, and As West sides). In addition to the stone crusher machine, the waste of the machine
must be collected and deposited close to the machine. To speed up the excavation and transportation
procedures the possible alternatives are the north, south, east, and west side of the mine. Currently, there
are three dumps placed on three different sides of the mine. Dump31 is located on the North side of the
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mine (A1), dump26 is located on the East side of the mine (As), and dump15 is located on the West side

of the mine (As). Also, it is possible to build a new dump on the South side of the mine (Az). Therefore,
there are four possible alternatives for landfill location selection.
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Figure 1. (a) Sarcheshmeh porphyry copper deposit[1]. (b) In-pit mine shape and locations of alternatives.

Criteria that were used to evaluate the alternatives were selected considering the recent literature and
expert opinions. The list of experts with their careers, role position, field, and education are as follows:

e Two mine engineers, a specialist in mineral processing, exploration, and excavation, with a
bachelor's degree in mining.

One geologist, a specialist in environmental protection and education, with a bachelor's degree
in geology.

One civil engineer, a specialist in road and bridge construction, with a master's degree in civil
engineering.

One industrial engineering, a specialist in production and quality control, with a bachelor's
degree in industrial engineering.

One mechanical engineer, a specialist in metallurgy, with a bachelor's degree in mechanical
engineering.
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e Project manager, a specialist in energy management, with a Ph.D. degree in management.

The procedure of criteria selection are as follows:

First, each expert listed the parameters that appear to be important (according to his point of view) in
the decision-making approach. Later, after several meetings and brainstorming the final parameters were
selected. 4 main criteria were selected in the first phase. They were technical, economical,
environmental, and geological. In the second phase, each main criterion was divided into several sub-
criteria. The most important and significant criteria were the ones that affected decision-making based
on experts' analysis. Criteria included both quantitative and qualitative data that support the objective of
the final location selected by the MCDM model.

Lastly, the AHP method was used to obtain the final weights of each criterion by applying a pairwise
comparison. Before applying this critical step, experts rank each criterion according to Saaty's important
scale (value from 1 to 9 ). A matrix was developed base on the geometric mean value of the expert
opinions, that show the importance of each criterion compares to others. This process is done two times,
once for the FAHP method and once for the TOPSIS method. Each criterion is divided into two
indicators (index effect), positive and negative based on its characteristics. Moreover, each criterion has
its weight considering the level of effect for location selection. The information regarding each criterion
is summarized in Table 1. Besides, experts graded alternatives concerning each criterion from 1 to 9 (1
is the least score and 9 is the highest one).

Fig.2 and 3 show the classification of the primary criteria and subcriteria. Four locations (as alternatives)
are selected as potential spots where are located in the North, South, East, and West sides of sarcheshmeh
mine. Fig.1(b) depicts the schematic structure of the Sarcheshmeh copper mine and alternatives
locations. The plant layout of the mine and 4 alternative locations are illustrated in that figure.
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Table 1. Criteria weight and indicator.

Criteria Index effect Criteria Index effect
Mine capacity Positive Space requirement Positive
Cost Negative Safety Positive
Geotechnics Positive Mine shape and pattern Positive
Transportation Negative Supplementary road Positive
Road and ramp Positive Distance from dumps Positive
Topography Positive Setup time Negative
Rock blasting Negative Mine expansion Positive
Energy Positive Wastewater Negative
Disturbance Negative Environmental impact Negative
Noise and dust Negative Distance From Existing .
- - . Positive
Maintenance Negative machine

[Hl. METHODOLOGY AND COMPUTATIONAL RESULTS

This study represents the findings of an analysis, which is used two different MCDM techniques: Fuzzy
AHP (FAHP) and TOPSIS to optimize the stone crusher machine and landfill location selection. In the
first step, FAHP was used as a pairwise comparison to find the optimum location for the stone crusher.
After extraction and crushing stone ore, the waste must be collected and deposited somewhere close to
the mine. At this point, TOPSIS via a combination of Shannon Entropy weighting was utilized to find
the best location for landfills and waste.

A. FAHP METHOD

Being a very well-known methodology, AHP is frequently used in cases where expert opinion guides
the decision-makers in finding the optimal solution. Since the expert opinion are based on experts’
professional experience or their subjective judgments, they are assumed to be non-objective. In cases
where subjective evaluations take place in the model, implementing fuzzy logic to the analysis can
eliminate imprecision and ambiguity. Fuzzy logic also gives effective results where linguistic
evaluations are used.
Fuzzy AHP (FAHP) was introduced in Laarhoven ve Pedrycz (1983)’s study, where triangular fuzzy
numbers are applied to the model to find fuzzy weights and to identify fuzzy evaluations [42]. Since the
first attempts of FAHP, the methodology has been frequently used in many areas. Mardani et al. (2015)
present a literature survey on fuzzy MCDM, where they stated that FAHP has been used more than other
decision-making algorithms within two decades [43]. More detailed fuzzy MCDM and FAHP
applications can be found in Mardani et al. (2015) [43].
Apart from other applications of FAHP, location selection problems are using FAHP in achieving a
reasonable solution. Carlsson and Walden (1995) used FAHP in determining the optimal location of a
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new ice-hockey arena in Finland [44]. Chou et al. (2008) determined the optimal location for
international tourist hotels in Taiwan by using FAHP [44]. Kuo et al. (2002) proposed a decision making
model for selecting convenience store locations by combining FAHP and ANP [45]. In the study,
weights of evaluations are calculated by FAHP. In a work by Ka (2011), FAHP and ELECTRE are used
in defining a scientific location model of dry ports in China. In a case study from India [46], Choudhary
and Shankar (2012) proposed FAHP to select the optimal location of the thermal power plant [47].
Ozgen and Gulsun (2014) integrated a two-phase possibilistic linear programming model by FAHP to
find the optimal solution for multiple facility location selection problems [48]. One of the most recent
studies is done by Du and Wang (2018), where the optimal location of monitoring sites is determined
by FAHP and compared the results with AHP conclusions [49].

A. 1. Location Selection By Using FAHP

After determining the alternative locations for the problem, each alternative should be evaluated under
each sub-criteria. During this process, experts’ opinions are taken into consideration. Since experts’
opinions are affected by their professional experiences or personal assessments, the evaluations are
considered subjective judgments. Apart from this, in some cases, the evaluations may be done by
linguistic scales. The imprecision that occurred in such cases may be eliminated by fuzzy logic.
Although fuzzy logic does not aim to find an optimal solution, it may lead to noteworthy solutions.
FAHP method used in this study is proposed by Chang in 1996, where pairwise comparisons are
converted to triangular fuzzy numbers, because of their simplicity and linearity [50]. As the initial step,
the scale used in pairwise comparison to identify the most important criteria is fuzzified. Likewise, the
reciprocal of each evaluation is fuzzified, as given in Table 2.

Table 2. 1-9 FAHP Scale for pairwise comparison.

Importance of i Relative to j Crisp Triangular Triangular fuzzy
value fuzzy scale reciprocal scale
. 1 (1,1,1) (1,1,1)
Equally important 5 (1/2.,3/4,1) (1.43.2)

. . 3 (2/3,1,3/2) (2/3,1,3/2)

Slightly more important 7 (1.312.2) (1/2.2/3.1)
. 5 (3/2,2,5/12) (2/5,1/2,2/3)
Moderately more important 5 2.512.3) (1/3.2/5.112)
. 7 (5/2,3,712) (2/7,1/3,2/5)
More important 8 (3,712.4) (1/4,27.113)
Most important 9 (712,4,9/2) (2/9,1/4,1/7)

In the first step of the fuzzy analysis, a fuzzy set (e.g. fuzzy set A) is set with its membership function
(LA(x)), to demonstrate the level of possibility of fuzzy number x, which represents its belonging to set
A. The membership function of a triangular fuzzy number x is specified with upper, mean, and lower
values of x, introduced respectively as (u, m, 1).

( (x=1)
(m-=10’

pa(x) =1 (u—x)
w-m)’
0, otherwise

I<x<m

m<x<u

Chang’s (1996) extent of the method, used in this research, is summed up as follows;

let X={X4, ... ,Xn} be the object set and U={uy, ... ,un} be the objective (goal) set.

Considering each object (gi) and performing the level evaluation for each goal, m extent analysis values,
represented by, Y=1, ... ,mand i=1, ... ,n are defined. Note that ngibe a triangular fuzzy number, for all
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members that are demonstrated below. Chang’s extent analysis relies on fuzzy synthetic (S;) values as
given below:

m Jj n m iyt
Si=XJa My, [, X7k My,) 1)

The value of Z}"zl Méi is computed with using fuzzy arithmetical calculations, as below;

m (&, o m )
;M; =k§'p§mj’;uj)

(2)

\-1
Next, in order to calculate the value of [zi”_lzrjn_lMé) , Equation (3) is calculated by using fuzzy

arithmetic as;

i=1 i=1 (3)
Calculating the inverse vector is the next step,
! )
ANELLA 1 1 1
B
= 24 xm 2l
i= i=1 i= (4)
Forj=1,..., n and i#j, the level of possibility of M1 =(I1,ma,u1) > M2 =(I2,m,uz) is computed as,
1, m, = my
>
vonpzmy=y o hEwe ©)
L2 ,otherwise

(mz—uz)—(my—1y)

let d'(4;) = minV (S; = S;). where;

V(M =M, M,,...,Mg) =

VIM = M;) and (M = M,) and...and (M = Mg)]
=minV (M = M,),i =1,23,..., k.

And the normalized vector is W'=(d (A1), d*(A2), ..., d*(An))T
Depending on the experts’ evaluations, the matrices for fuzzy pairwise comparison are calculated in
Appendix 1. For each criterion, alternatives are evaluated by experts and fuzzy assessments are

achieved. Table 3 presents the results of crisp (non-fuzzy) weights for alternatives under each criterion,
and weights of criteria.
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Table 3. criteria weights concerning each alternative and weights of criteria.

Criteria Aq As As Aq Weight
Ci 0.926 0.000 0.074 0.000 0.162
C 0.258 0.249 0.245 0.249 0.188
Cs 0.250 0.250 0.25 0.250 0.099
Cs 0.00 0.149 0.516 0.335 0.147
Cs 0.250 0.250 0.25 0.25 0.140
Cs 0.160 0.259 0.267 0.313 0.118
Cs 0.000 0.289 0.435 0.276 0.147
Cs 0.760 0.240 0.000 0.000 0.290
Co 0.439 0.282 0.155 0.123 0.258
Cuo 0.000 0.000 0.604 0.396 0.258
Cu 0.250 0.250 0.250 0.250 0.194
Cu 0.295 0.25 0.205 0.250 0.125
Cis 0.318 0.294 0.199 0.189 0.256
Cus 0.020 0.195 0.604 0.181 0.308
Cis 0.295 0.250 0.205 0.250 0.125
Cis 0.225 0.278 0.273 0.225 0.059
Cur 0.250 0.250 0.25 0.250 0.059
Cis 0.421 0.193 0.193 0.193 0.067
Cuo 0.421 0.193 0.193 0.193 0.184
C2 0.001 0.147 0.516 0.335 0.408
Ca 0.255 0.255 0.236 0.255 0.408

Table 4. Final scores for alternatives.

Alternative Score
Al 0.2647
A, 0.2084
As 0.3019
Ay 0.2249

At the final step, scores for four alternatives are calculated and the results are given in Table 4. In
accordance with the outcome, alternative 3 has the highest score, where alternative 1 is placed in the
second order.

A. 1. Sensitivity analysis of FAHP method

Sensitivity analysis for fuzzy AHP is conducted by creating different scenarios. In the first scenario
(S1), the weights for all criteria are assumed as equal (1/21 each) and the results are compared with the
first results. As seen in S1 column of Table 5, the order of alternatives is same as the first results. In the
next scenario (S2), only the criteria with the highest weights (C2o and Cy1) are considered. The weights
of Cy and Cy; are assumed be 0.5 each and the rest are assumed as zero. S2 column of Table 5 presents
the results, where it can be seen that the scenario did not alter the best alternative. In the third scenario
(S3), the criteria with the lowest weights (Ci6 and Ci7) are excludes and the remaining criteria are
weighted equally. The results are given in S3 column of Table 5, where alternative 3 is once again placed
in the first order. In the fourth scenario (S4), 21 criteria are grouped in equally weighted four classes
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and it is assumed that the criteria in each group are also of equal weight. Results are presented in S4
column of Table 5 where it can be seen that the best alternative did not alter and the ranking of criteria
is very similar to previous scenarios. Since changes in weights did not influence the best alternative,
fuzzy AHP can be robustly used in cases of uncertainty.

Table 5. Sensitivity analysis for fuzzy AHP.

Alternative S1 S2 S3 S4
A 0.2759 0.1279 0.2799 0.2780
A; 0.2154 0.2009 0.2103 0.2105
As 0.2819 0.3758 0.2840 0.2834
Ay 0.2268 0.2949 0.2257 0.2280

A. 2. Integration Of Shannon Entropy And TOPSIS Method

In this section, an extension of the TOPSIS approach that integrates objective and subjective weight was
proposed for final weight calculations. Therefore, it not only benefits decision-makers but also it is
possible to consider other subjective factors into the decision-making process. In this innovative
approach, the final weight will be more accurate, and it is up to the weighted average of experts and
Shannon Entropy weights.
The Shannon Entropy method was introduced by Shannon in 1948, the method can be presented as
follows [2]:

S.1: Creating a decision-making matrix D, which consists of M choices (Ai fori=1, ... ,M)and N
criteria (Cj for j=1, ... , N). The below matrix (equation 6) is presented the decision matrix.

(6)

511 SIN]
SM1 SMN
Which dj is rating of choice i in criterion j.

S. 2: In this step to determine the weights of Shannon Entropy, a normalized decision matrix is
calculated for each criterion C; .

ny =izl ., M, j=1, .., N )

|21 sij
S. 3: Calculating entropy value e; as follows:
ej = —k X}, nyjIn(ny)) 8)

where k is a constant number and can be defined as k = (In(m))~1.
S.4:d; isthe degree of divergence of each criterion, which is equal to 1 — e; . The higher d; indicates

the more important criterion.
S. 5: The final weight for each criterion is computed as follows:

= 4
Zg=1 dg

w; 9)
After calculating the subjective weight of each criterion based on Shannon Entropy, it is possible to get
a final weight for each criterion by integrating it to objective weights (decision-makers rating). The final
weight is calculated by taking the average weight of objective and subjective weights. The final weight
for each criterion was calculated based on the discussed steps before and they are written in appendix 2
(table A.1). Then the TOPSIS method was used for pair comparison between choices.
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A.2.1. TOPSIS method

TOPSIS method was introduced by Hwang and Yoon (1981) to solve MCDM problems. The method
tries to find the best possible choices which are closest to the positive ideal solution and farthest from
the negative ideal solution [3]. TOPSIS evaluating procedure was performed as follows:

S. 1: Developing the decision matrix X that rates each alternative concerning criteria. In matrix X, m
shows the number of rows and n represents the number of columns.

X11 X1n
X=\: : (10)
Xm1 v Xmn
S. 2: Developing the normalized decision matrix R.
1 . "n ] o
R = : : rij = —
Tm1 Umn Zznxlzj
where rjj denotes the normalized value for i=(1, ... , m); j=(1, ..., n). (11)

S. 3: Developing the weighted normalized decision matrix.

V11 . Uin
Polovi=wy x oy fori=(l, ..., m); j=(1, ..., n)

Umi - VUmn

Where wj; is the weight of j* criterion. (12)

W=[W1 e Wm] V=WXR=

S. 4: Negative and positive ideal solutions where calculated.
A" ={v{....vg5} AT ={]. ...v} (13)

Where A- stands for the negative ideal solution, and A* stands for the positive ideal solution.
S. 5: Computing the distance from the positive ideal solution (A*) and negative ideal solution (A").

0= (Saley =) 0 = Sy =) 1= 1m 4

Where Djindicates the distance between the i alternative and the positive ideal solution, and D;”
indicates the distance between the negative ideal solution and the it alternative.

S. 6: The C; that is relative closeness for each alternative was calculated and then the alternatives were
ranked respectively.

€ =—- (15)

=1
D} +D;

Finally, an alternative, which had the highest relative closeness, was selected as the best alternative.
Table A.1 in Appendix 2 represents experts’ evaluation scores for four alternatives for each criterion for
landfill selection analysis, the matrix was constructed according to Table A.2 (normalized decision
matrix) and Table A.3 (weighted normalized decision matrix) in the appendix. After calculating the
positive and negative ideal solutions (see Table A.4 in Appendix 2), the distance from a negative ideal
solution, the positive ideal solution, and the rank for each alternative were computed and illustrated in
Table 6. Following the findings, it is possible to conclude that the best location for landfills is alternative
1 (dump 31) which is located on the north side of the Sarcheshmeh mine.
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Table 6. Landfill location selection.

i D} D;  Alternative Ranking Ranking

score order
1 0.041 0.114 A1 0.805 BEST
2 0.110 0.022 A, 0.168 4th
3 0.100 0.049 As 0.330 2nd
4 0.109 0.050 A4 0.314 3rd

A. 3. Sensitivity analysis of TOPSIS method

Previous studies on sensitivity analysis of MCDM problems often focus on determining the most
sensitive criteria or focused on finding the least value of change [53]. In this section, a new method for
sensitivity analysis is considered that calculates the changing in the final score of alternatives when a
change occurs in the weight of criteria. The following steps were used to find the new weight for the
criteria [54].

S.1: Change the weight of criterion k (K=1,..., n and n=13 in this study) from W to W’, namely,
Wk = aWy, where a is the initial variation ratio of Wi which is a positive number.
S.2: Compute the new weights of criteria W*1, W*,, ..., W", using the below formula:

* Wi
W1 = WiHWo et Wi+ Wy
wy = 2
Wi HWate+ Wit Wy
] ' (16)
wy = n

\ WHWa e+ Wit Wy

Finally, after computing all weights it is possible to find the score for each alternative. In this section,
different scenarios were considered for the sensitivity analysis. The summary of sensitivity analysis was
shown in Table 7. Different scenarios were considered to see how the order of alternative would be
changed when the weight of criteria was manipulated.
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Table 7. Sensitivity analysis of TOPSIS technique.

Scenario
Weights - —jnitial 1 2 3 4 5 6 7 8
weight

W1 0.20 0.08 0.40 0.13 0.13 0.17 0.17 0.00 0.36
W, 0.15 0.08 0.11 0.10 0.10 0.13 0.13 0.00 0.27
W3 0.05 0.08 0.04 0.03 0.03 0.04 0.04 0.11 0.00
W, 0.05 0.08 0.04 0.03 0.03 0.04 0.04 0.11 0.00
W5 0.05 0.08 0.04 0.03 0.03 0.04 0.04 0.11 0.00
W5 0.05 0.08 0.04 0.03 0.03 0.04 0.04 0.00 0.09
W7 0.05 0.08 0.04 0.03 0.03 0.04 0.04 0.00 0.09
W5 0.05 0.08 0.04 0.03 0.03 0.04 0.20 0.11 0.00
Wy 0.05 0.08 0.04 0.03 0.03 0.04 0.04 0.11 0.00
Wio 0.10 0.08 0.07 0.40 0.07 0.08 0.08 0.22 0.00
W11 0.05 0.08 0.04 0.03 0.03 0.04 0.04 0.00 0.09
Wi, 0.05 0.08 0.04 0.03 0.03 0.20 0.04 0.00 0.09
Wis 0.10 0.08 0.07 0.07 0.40 0.08 0.08 0.22 0.00

Alternative

order

Best Ai=0805 Ai=0716 Ai=0888 Ao=0717 Ao=0687 Ai=0sos Ai=0s24 Au=0670 Ai=0.866
2nd As=0330 As=0487 Ao=0226 Ai=0e08 Ai=0588 Ar=0386 Ao=0348 Ao=0645 A2=0236
3 Auz0314 As=0a18  As=0133 Asz0308 As=0243 As=0231 Au=0281 Au=0as42  As=0.126
4t Ao=0168 Asz=0200 As=0009 As=0083 Asz=0092 As=0176 As=0158 Asz=0257 As=0.117

In the first scenario, for convenience, the initial weights were assumed to be 1/n, where n is the number
of criteria selected for assessment (n =13). As demonstrated in Table 7 best alternative was not changed
but the order of the second, third and fourth alternatives was changed. In the second scenario, the weight
of the first criterion (C,, Cost) was increased from 0.1 to 0.4 to see how the result would be changed if
cost becomes the most important criterion. The results showed that the score of the alternatives change
however alternative 1 is still the best alternatives.

In the 3™ and 4™ scenarios, the weight of criterion 10 (C1o, closeness to other machines) and criterion 13
(Ci3, closeness to existing dumps) were increased from 0.1 to 0.4 respectively. In both cases, the best
alternatives changed and alternative 2 became the best alternatives.

In scenarios 5 and 6, the weight of Cg (safety) and Ci. (environmental effect) was increased from 0.05
to 0.2. The result revealed that the best alternative is still A;.

To be more innovative, in scenarios 7 and 8 several criteria were eliminated to see how the result would
be changed. In scenario 7 the criteria (C1, Cz, Cg, C7, C11, and Ci2) that have a negative effect were
eliminated and in scenario 8 the criteria (Cs, C4, Cs, Cs, Co, C10, and Cy3) that have a positive effect were
eliminated. In both cases, the A; remained the best alternative. After this analysis, it is possible to
conclude that the result is sensitive to the weight of criteria 10 and 13 which are closeness to other
machines and closeness to existing dumps.
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V. CONCLUSION

Location selection is an important issue in mining. An optimal location can improve productivity and
minimize total cost. This study proposes a model to find the optimal locations for a stone crusher
machine and landfill (waste) located in Sarcheshmeh mine in southern region of Iran. Because of the
complexity of the problem, two MCDM methods (FAHP and Integration of Shannon Entropy And
TOPSIS) were utilized. To perform the analysis, four main criteria (technical, economical,
environmental and operational, and geological factors) and 21 sub-criteria were applied considering the
literature review and expert judgments. 21 criteria were used in evaluating the given alternatives for
stone crusher machine location selection, and 13 criteria were used for evaluating the alternatives for
landfill selection. Geographical Information System (GIS) tool was used to choose four potential
alternatives (North, South, East, and West sides of the mine) and it was done according to the primary
investigation and analysis done by geomatic and civil engineers.

The methodology and computational analysis were separated into two main parts. In the first part, the
FAHP technique was used to find the best location for the new stone crusher machine, and then, a
sensitivity analysis was performed to examine the sensitivity of alternatives to the weights of each
criterion. The analysis showed that alternative 3 (East side of the mine) has the highest score, while
alternative 1 (North side of the mine) was placed in the second order. Sensitivity analysis for fuzzy AHP
was conducted using four different scenarios. In each scenario, the weights of criteria were changed,
however, the best alternative did not alter, and the ranking of criteria was very similar to previous
scenarios. Since changes in weights did not influence the best alternative, fuzzy AHP can be robustly
used in cases of uncertainty.

In the second part, the TOPSIS method in combination with Shannon entropy was used to find the best
location for allocating stone crusher waste. After calculating the subjective weight of each criterion
based on Shannon Entropy, the final weight was calculated by taking the average weight of objective
(experts) and subjective weights. Following the findings, it was possible to conclude that the best
location for landfills was alternative 1 (dump 31) which was located on the north side of the
Sarcheshmeh mine. Lastly, a sensitivity analysis was considered to observe the changes in the final score
of alternatives when a change occurred in the weight of criteria. 8 different scenarios were considered
to see how the order of alternative would be changed when the weight of criteria was manipulated. In
the 3" and 4™ scenarios, the weight of criterion 10 (C1o) and criterion 13 (C13) were increased from 0.1
to 0.4, respectively and in both cases, the best alternatives changed and alternative 2 (new dump) became
the best alternatives. In other scenarios, the best alternative did not alter, and the ranking of criteria was
very similar to each other. After this analysis, it was possible to conclude that the result was sensitive to
the weight of criteria 10 and 13 (Closeness to other machines and existing dumps).

In future studies, the proposed model can be improved by adding more various criteria which affect the
evaluation as well. In addition, different hybrid techniques such as fuzzy TOPSIS or other MCDM
techniques (such as VIKOR, ANP, and PROMETHEE) can be considered for comparison of
alternatives.
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