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Abstract

Selecting a location for a new organization or egi@n of an existing facility is of vital importa@do a decision
maker. The cost associated with acquiring the kamdi facility construction makes the facility locatia long-term
investment decision. The best location is that Wwhiesults in higher economic benefits through iasesl
productivity and good distribution network. Selagtithe proper facility location from a given setadternatives is a
difficult task, as many potential qualitative andaqtitative criteria are to be considered. Thisepamlves a real
time facility location selection problem using PREGWHEE Il (preference ranking organization method fo
enrichment evaluation) method which is an effectiwdti-criteria decision-making (MCDM) tool ofterpplied to
deal with complex problems in the manufacturingiemment.
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1. Introduction

Facility location decisions are observed to benmfiense importance in long-term planning for the uf@acturing
organizations. High costs related to property asitjian and facility construction make the facilibcation selection
a long-term investment decision. The location selaaecision may be required due to various regddte change
in production capacity, addition or deletion of guet line, change in distribution cost or changecistomer
demand. Wrong selection of location may resulnisdiequate qualified work force, unavailability afw materials,
insufficient transportation facility, increased ogting expenses or even disastrous effect on th@enazation due to
political and societal interference. Thus, the sieci maker must select the location for a facilitst will not only
perform well, but also it will be flexible enougb accommodate the necessary future changes. Vanqetant
gualitative and quantitative criteria, such as ladlity of resources for production, investmenstmearness of
other facilities etc. are usually considered whiddecting a facility location for a specific indriat application. The
success or failure of a manufacturing organizatasgely depends on the consideration of thoseritas they
directly influence the organizational performan8election of a proper location involves consideratf multiple
feasible alternatives. It is also observed that dbkection procedure involves several objectived iaris often
necessary to make compromise among the possibféictiog criteria. For these reasons, multi-crisedecision-
making (MCDM) is found to be an effective approdolsolve the location selection problems. In thiper, the
preference ranking organization method for enriahineealuation (PROMETHEE |II) is employed to obttie best
choice from a finite set of alternative facilitycktions. While applying the PROMETHEE Il methodstilve a real
time facility location selection problem [1], it @bserved that this method proves its applicabdity potentiality to
solve such types of decision-making problems witltiple conflicting criteria and alternatives.

2. Literature Review

Past researchers have already applied differehhigges to solve facility location selection prohke But most of
those techniques use complex mathematical fornamstiwhile ignoring qualitative information regardicriteria

values. Randhawa and West [2] proposed a solutgproach to facility location selection problems lghi
integrating analytical and multi-criteria decisioraking models. Houshyar and White [3] developedathematical

model and heuristics approach that assigns N meshN equal-sized locations on a given site shahthe total

adjacency flow between the machines is maximizdu: proposed model is based on a 0-1 integer progiagn
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formulation which may produce an optimal, but irsibée solution, followed by the heuristic which begwith the
0-1 integer solution and generates a feasible isalutOwen and Daskin [4] provided an overview of th
methodologies that have been developed for solfantjty location selection problems. Chu [5] preted a fuzzy
TOPSIS (technique for order preference by simyaotideal solution) method-based approach fompthat location
selection problems. The ratings and weights asdigyethe decision makers are first normalized mtmmparable
scale. The membership function of each normalizthg of each alternative location for each crieris then
developed. A closeness coefficient is proposedeterdhine the ranking order of the alternatives.si€land Drexl
[6] reviewed in details the contributions to theremt state-of-the-art related to continuous laratnodels, network
location models, mixed-integer programming modeld their applications to location selection deaisidong [7]
proposed a new fuzzy TOPSIS method which deals t@lselection of plant location decision-makinghpems in
linguistic environment, where the ratings of vagaalternative locations under different criterial @heir relative
weights are assessed in linguistic terms repreddmtduzzy numberdrarahani and Asgari [8] presented a TOPSIS
methodology to find the supportive centers with tieimum number and maximum quality of locationgniilitary
logistic systems. Oniit and Soner [9] employed azyuZOPSIS based methodology to solve the solid avast
transshipment site selection problem, where theer@i weights are estimated using analytic hienanofocess
(AHP). Amiri et al. [10] applied TOPSIS method apwith heuristics based on fuzzy goal programmmngelect
the best location. The facility location selectimoblem is solved in three stages, i.e. (a) findhmgyleast number of
distribution centers, (b) locating them in the hgsssible location, and (c) finding the minimumtooflocating the
facilities. Although the facility location selectioproblems have already been solved using diffeMGDM
techniques, this paper makes a maiden attempt fgement another appropriate MCDM approach, i.e.
PROMETHEE Il method to tackle this complex locatsmiection decision-making problem.

3. PROMETHEE Method
Preference function based outranking metisoal special type of MCDM tool that can provideaaking ordering of
the decision options. The PROMETHEE (preferencekingn organization method for enrichment evaluation)
method was developed by Brans and Vincke in 198%. [The PROMETHEE | method can provide the partial
ordering of the decision alternatives, whereas, MEDHEE Il method can derive the full ranking of the
alternatives. In this paper, the PROMETHEE Il meth® employed to obtain the full ranking of theeattative
locations for a given industrial application.
The procedural steps as involved in PROMETHEE Ithoé are enlisted as below [11, 12]:
Step 1:Normalize the decision matrix using the followirguation:

Rij :[Xij —min(Xij )}/[max(xij)—min(xij)} (i=1,2,..n:j=1,2,...m) (1)
where X is the performance measure Biternative with respect t& riterion.
For non-beneficial criteria, Eqn. (1) can be retaritas follows:

R.. = max(X.)—-X.. max(X..) —min(X.. 2

ij [ 05) 'J}/[ 05) ( u)} @)

Step 2:Calculate the evaluative differencesi8falternative with respect to other alternatives sT8tep involves the
calculation of differences in criteria values bedwalifferent alternatives pair-wise.

Step 3:Calculate the preference functiolPﬁ,(i, i.

There are mainly six types of generalized prefezeiunctions as proposed by Brans and Mareschall3R,But
these preference functions require the definitibnsame preferential parameters, such as the preferand
indifference thresholds. However, in real time &milons, it may be difficult for the decision make specify
which specific form of preference function is shita for each criterion and also to determine theapaters
involved. To avoid this problem, the following silified preference function is adopted here:

P,(.1)=(Rjj = Riy) if Ry >Ry )

Step 4:Calculate the aggregated preference function takitogaccount the criteria weights.
m m

Aggregated preference functiori, i") = ZW]- xP;(i, 1) ZWJ (5)
=1 j=1
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where wis the relative importance (weight) 8t griterion.
Step 5: Determine the leaving and entering outranking flas$ollows:

n
Leaving (or positive) flow fori " alternative p*(i) = ilz =(i,i") @i=i") (6)
n-144

n
Entering (or negative) flow foi"" alternative p (i) = ilz n(i',1) @i#i" 7
n-l3
where n is the number of alternatives.

Here, each alternative faces (n — 1) number of rodernatives. The leaving flow expresses how maoh
alternative dominates the other alternatives, wihiteentering flow denotes how much an alternasvdominated
by the other alternatives. Based on these outrgnkows, the PROMETHEE | method can provide a jparti
preorder of the alternatives, whereas, the PROMBT HEmethod can give the complete preorder by usinget
flow, though it loses much information of preferemnelations.

Step 6:Calculate the net outranking flow for each alteireat

#0) =6 () - 47 () (8)

Step 7:Determine the ranking of all the considered altévea depending on the values gfi). The higher value of
@(i), the better is the alternative. Thus, the bestratére is the one having the highegi) value.

The PROMETHEE method is an interactive multi-cidetecision-making approach designed to handletdatve

as well as qualitative criteria with discrete aftgives. In this method, pair-wise comparison &f #iternatives is
performed to compute a preference function for eaitarion. Based on this preference function, efgmence index
for alternative i over i'is determined. This preference index is the measoirsupport the hypothesis that
alternative i is preferred toi'. The PROMETHEE method has significant advantages the other MCDM
approaches, e.g. multi-attribute utility theory (MA) and AHP. The PROMETHEE method can classify the
alternatives which are difficult to be compared &@ese of a trade-off relation of evaluation standaad non-
comparable alternatives. It is quite different fré&sHP in that there is no need to perform a pairengemparison
again when comparative alternatives are addedletedk

4, [llustrative Example

Rao [1] employed the graph theory and matrix apghio@ TMA) for selection of the best facility locati for a
given industrial application. The same exampleoissadered here to demonstrate the applicabilityeffettiveness
of PROMETHEE Il method as a MCDM tool. This exampédes into account eight facility location selenti
criteria and three alternative facility locatioff$ie objective and subjective information regardiifferent location
selection criteria are given in Table 1. All theséeria, except the cost of labor, are expressdijestively in
linguistic terms. The objective values for thesiéedia are assigned from an 11-point scale, asngivel'able 2. The
fuzzy judgments average (A), above average (AAhHH) and very high (VH), shown in Table 1, aresidered
equivalent to good, very good etc. with respeditferent criteria. The eight selection criteriac@sidered here to
affect the location selection decision are closenes market (CM), closeness to raw material (CRndl
transportation (LT), air transportation (AT), caxft labor (CLR) (in rupees/worker), availability ¢dbor (AL),
community education (E) and business climate (B®ong these criteria, only CLR is a non-benefigttibute
and the remaining are the beneficial attributes.

Table 1: Information for facility location altermegs [1]
Location| CM| CR| LT| AT| CLR| AL| E| BC

P1 H| VH| H| AA| 250 H | AA| VH
P2 VH| H H| VH| 265| AA| H | VH
P3 A H| VH| AA| 255| AA| VH| H
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At first, the information for various facility lotian alternatives with respect to different criggras shown in Table
1, are converted to crisp scores using the 11-mate, as given in Table 2. The transformed objedata, as

given in Table 3, are then normalized using Eqho€1(2) and are given in Table Rao[1] determined the criteria
weights for the considered criteria agwe 0.1267, wg = 0.1267, wr = 0.0883, wr = 0.0517, w r = 0.0929, w

= 0.0706, w = 0.1668 and w = 0.2764 using AHP method and the same criterigght®e are used here for
PROMETHEE Il method-based analysis.

Table 2: 11-point fuzzy scale

Linguistic term Crisp score
Exceptionally low 0.045
Extremely low 0.135
Very low 0.255
Low 0.335
Below average 0.410
Average 0.500
Above average 0.590
High 0.665
Very high 0.745
Extremely high 0.865
Exceptionally high 0.955
Table 3: Objective data for facility location selea problem
Location| CM CR LT AT CLR AL E BC
P1 0.665| 0.74% 0.665 0.590 250.000 0.665 0/590 50.74
P2 0.745| 0.665 0.665 0.745 265.000 0.590 0665 50.74
P3 0.500| 0.665% 0.74p 0.590 255.000 0.590 0/745 50.66

Table 4: Normalized decision matrix

Location| CM | CR| LT| AT| CLR| AL E BC
P1 0.6735 1 0 0 1 1 0 ]
P2 1 0 0 1 0 0| 0.483p 1
P3 0 0 1 0| 0.6667 O 1 0

Now, the preference functions are calculated fothal pairs of alternatives, using Eqns. (3) anjd4Ad are given in
Table 5. Table 6 exhibits the aggregated prefer&unuetion values for all the paired alternatives calculated using
Eqgn. (5). The leaving and the entering flows fdfedent location alternatives are now computed giggns. (6) and
(7) respectively, and are shown in Table 7.

Table 5: Preference functions for all the pairaltérnatives
Location pairf CM | CR/ LT AT| CLR| AL E BC

(P1,P2) 0 1 0 0 1 1 0 Q
(P1,P3) 0.6733 1 0 0 03333 1 0 1
(P2,P1) 0.3265 O 0 1 0 Q0 04839 P
(P2,P3) 1 0 0 1 0 0 0 1
(P3,P1) 0 0 1 0 0 0 1
(P3,P2) 0 0 1 0| 0.666f Q 0.5161 [0
Table 6: Aggregated preference function
Location P1 P2 P3
P1 - 0.2902] 0.59
P2 0.1739 - 0.4548
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P3 \0.2551\ O.236:F - \

Table 7: Leaving and entering flows for differemt&tions

Location Leaving flow Entering flow
P1 0.4401 0.2144
P2 0.3643 0.1182
P3 0.2457 0.5224

Table 8: Net outranking flow values for differentétion alternatives

Location Net outranking flow Rank
P1 0.2257 2
P2 0.2461 1
P3 -0.2767 3

The net outranking flow values for different altatime locations and their relative rankings areegiin Table 8.
Now, the alternative locations are arranged in eleding order according to their net outranking flealues. The
best choice of location for the given industriapligation is location 2, which exactly matches witle observations
as derived by Rao [1] while solving this problemingsgraph theory and matrix approach. This proves t
applicability and potentiality of the PROMETHEEmethod for solving complex decision-making probldmghe
manufacturing domain.

5. Conclusions

Location selection decision has long-term impli@asi because changing the locations of the exi$iciities may
be quite expensive. It is therefore important tectethe most appropriate location for a given stdal application
which will minimize the cost over an extended tipexiod. The problem of facility location selectina strategic
issue and has significant impact on the performarfithe manufacturing organizations. The presamdysexplores
the use of PROMETHEE Il method in solving a locatszlection problem and the results obtained carah&ble
to the decision maker in framing the location sibecstrategies. It is also observed that this MCBpproach is a
viable tool in solving the location selection démisproblems. It allows the decision maker to rémé candidate
alternatives more efficiently and easily. The cite@dl time industrial example demonstrates the caatpnal
process of the PROMETHEE Il method and the sameatsm be applied to other strategic decision-making
problems.
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