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Abstract

This paper presents a multi-objective continuousedag location problem in fuzzy
environment. Because the covering radius is assumée uncertain, this paper uses the
possibility concept. Since uncertainty may causk of uncovering customers, the problem
is formulated as a risk management model. The ptedemodel is an extension of the
discrete covering location model to continuous epdowvo variables, namely selecting
zone variable and covering variable are introddoe@xtending the discrete model to the
continuous one. In the model, a facility is locatedh zone with a predetermined radius
from its center and is determined by the selectimge variable. Allocating a customer to a
facility is shown by a covering variable. Also, tpaper introduces the possibility of
covering, based on distance between the customersha facilities. Two objectives are
considered in the model; the first is the posgipitif covering by each facility and the
second is the risk cost of the uncovered custormtargzy programming is applied for
converting the model to a single objective one.alyn a numerical example with
sensitivity analysis is expressed to illustratephesented model.

Keywords. continuous covering location problem (CCLP); riskmagement; fuzzy
covering radius; multi objective problem

1- Introduction

The covering problem aims to locate a set of nasilifi@s in a manner that the customers can receéveice
by each facility that its distance to customerdsia or less than a predefined value. This critiedle is called
coverage. Church and ReVelle (1974) are the orkeofirst researchers that modeled the maximizatarering
problem. The covering problem is divided into twolgems; the total covering and the partial covgidased on
covering all or some of the demand points. Thel tmaering problem is modeled by Toregas (1971).téJhe
present time many developments have been occubma ¢ghe total covering and the partial coveringbpems in
solution techniques and assumptions. The coveroiglgm has many applications such as: the desigwib¢hing
circuits, data retrieving, assembly line balanciaigline staff scheduling, locating defend networ#tistributing
products, warehouse locating and location of enmergeservice facility (Francis et al. 1992).Someeegshers
such as Church and ReVelle (1974), Schilling et (4P93), Owen and Daskin (1998) and Drezner and
Wesolowsky (1999) investigated network coveringgpems.

The total covering problem cannot cover all loaatjroblems in real world, because in many problems
budget constraint and other constraints do notigetover all the points and there is a risk of hguinsatisfied
customers. In this paper the partial covering maleivestigated.
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Mirchandani and Francis (1990) provided a coverimgdel in discrete space. Assuming that therenare
demand points indexed by andk candidate locating points indexed pgndP; is the penalty of not covering
demand point, the modelP;is written as the following.

n
Pl:minz Pi Wi (1)
i=1
St
k
Z a;V; + W; = 1, Vi=12,..,n @
j=1

w; €{0,1},V;€{01}, Vi=12,..,n andVj=12,..,k
Where,
a;;. is 1 if the candidate locating poiptan cover the demand pointotherwise i9

(aj;'s constitute the covering matrix)
V;:is 1if a facility is located at the candidate locatpmjntj, otherwise i€
W;: is 1 if the demand poiritis not satisfied, otherwise @s

Equation (1) is the objective function consistirighe penalty cost€onstraint set (2) guarantees thétis 1
if a;;V;is zero, it means that the demand poim not covered. The above model and other relataering
location models have been investigated only inrdiscspace; while there are situations that migltiuo in
continuous space. In this paper, we introduce adiraopus covering location problem and for more dihgpon
real world, we consider the model in uncertain o by considering the fuzzy covering radius @naviding
the final problem as a risk management model. Véeirgerested in finding location @&ffacilities in continuous
space in order to serve the customersdgmand points so that the total cost of uncoveustbmers is minimized
and the possibility of coverage by each facilitynaximized.

Basic information underlying a facility locationgliem includes demand levels, travel time or cost f
supplying the customers, location of the custompresenceor absence of the customers, and pric¢héor
commodities. Uncertainty may occur in one or sdvefréhese parameters. In this condition, we makieeision
under risk and we can apply methods for dealingy wie problem (Laportet al., 2015). Investigating risk is one
of the main topics in location models. The maintdax which lead to risk could be categorized asettain
parameters such as production, demand, suppliesegsing, transportation, inventory, capacity, ,dogtrest rate
and etc. Robust optimization, stochastic prograrmggirhance-constrained models and fuzzy approactees a
applied for considering uncertainty in location ralsd

The reminder of the paper is organized as follawsgction 2 a literature review ababe covering location
model in fuzzy environmeand risk management in the location models areigedv In section 3 we present
Continuous Covering Location Probler@GLP). The final multiobjective model and fuzzy progmamg for
converting the multiobjective model to the singlgeative one is provided in section 4. In sectioand section 6
a numerical example with sensitivity analysis igegi to illustrate the usability of the presenteddeio Finally,
Section 7 draws the conclusions and future works.

2- Literature Review

Several researchers have investigated the covégajion model in fuzzy environmenti et al. (2002)
considered two fuzzy versions of the well-knownhpem of determining the smallest circle that wootver a
given finite set of points in the plane when thealions of points are not precise but fuzzy. Tha fivas modeled
as a possibility-constrained mathematical prograwh the second, as a necessity-constrained one.aBatral.
(2003) considered the concept of a gradual covdrggetroducing two distances on a network. A dedhpaint is
fully covered if it is within the lower distanceptcovered at all if it is beyond the larger distanhand, if its
distance is between the two distances, a levebwérage is determined using a decay function. Retraz (2004)
claimed that in real applications facility locattoman be full of linguistic vagueness that can per@priately
modeled using networks with the fuzzy values whiebcribe nodes. Chiamgyal. (2005) developed the fuzzy set-
covering model using auxiliary 0-1. Chiaetgl. (2005) proposed a set-covering model using theegutrof fuzzy
set theory to define fuzzy covers. Huastcgel. (2006) analyzed a linear feature covering probleith distance
constraints, and characterized the problem by ayfuzulti objective optimization model. Shavandi avidhlooji
(2006) utilized fuzzy theory to develop a queuingximal covering location—allocation. Araat al. (2007)
considered a multi-objective maximal covering lamatmodel. The model addresses the issue of detamgnihe
best base locations for a limited number of vekicte that the service level objectives are optichizEhe
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objectives of the model are maximization of the ydapon covered by one vehicle, maximization of the
population with backup coverage and minimizationtha# total travel distance in locations more distéan a
prespecified distance standard for all zones. NIO& considered the edge covering problem undezyfuz
environment, and formulated three models whicheaqected minimum weight edge cover modeminimum
weight edge cover model, and the most minimum weiglge cover model. Batanowtal. (2009) investigated a
class of maximum covering location problems in reks in uncertain environments. They assumed #ative
weights of demand nodes are either deterministienprecise. Sirbiladzet al.(2009)introduced a new criterion
for minimal fuzzy covering problems, which is theénimal value of the average misbelieve containedhim
possible alternatives.

Several researches have been concentrated on eongidisk in facility location problem. Guilleat al.
(2005) considered the design and retrofit probldma supply chain consisting of several productidants,
warehouses, markets and the associated distribsgisiems. They constructed a two-stage stochastaeihin
order to take the effects of the uncertainty ingheduction scenariointo account. Snyeeal. (2007) proposed a
stochastic version of the location model with rikoling which optimizes location, inventory andoatition
decisions under random parameters described byetksscenarios. The goal of their model was to §olditions
to minimize the expected total cost of the systenorag all scenarios. They presented a Lagrangiaxatbn
based exact algorithm for the model. Ozseal. (2008) introduced the capacitated warehouse lmtatiodel with
risk pooling. The model provided a logistics sysianvhich a single plant shipped one type of predaa set of
retailers, each with an uncertain demand. Also, rtimel was solved by a Lagrangian relaxation smhuti
algorithm. Azaronet al. (2008) developed a multi-objective stochastic progning approach for supply chain
design under uncertainty. Demands, supplies, psougstransportation, shortage and capacity expansosts
were all considered as uncertain parameters. Toeg the goal attainment technique to obtain thet®amptimal
solutions. Afterwards, Wagnest al. (2009) considered a location-optimization problermere the classical
incapacitated facility location model was recastistochastic environment with several risk facthi made
demand at each customer site probabilistic andelated with demands at the other customer sitegy Th
considered “Value-at-Risk” (VaR) measure and de=iga branch-and-bound algorithm to solve the prob¥ou
et al. (2009) proposed a two-stage stochastic linearraroging approach within a multi-period planning rabd
Furthermore, they developed an algorithm basedenrulti-cut L-shaped method in order to solverdsulting
large scale industrial size problems. Mete and &y (2010) developed a stochastic optimizatiorr@ggh for
the problem of storage and distribution of medsapplies to be used for disaster management undedex
variety of possible disaster types and magnitu@es.et al. (2010) investigated reliable facility location nabsl
considering unexpected failures with site depengestabilities, as well as possible customer rgassent. They
proposed a compact mixed integer program formuiatihich was solved using a custom-designed Lagaangi
relaxation algorithm. Liu et al. (2010) presentelb@ation model that assigns online demands tac#pacitated
regional warehouses currently serving in-store detean a multi-channel supply chain. The model iekp/
considered the trade-off between the risk poolirftece and the transportation cost in a two-echelon
inventory/logistics system. They formulated theigrement problem as a non-linear integer programmiaglel.

A strategic supply chain management problem wadiediuby Peng et al. (2011) to design reliable ndta/that
perform as well as possible under normal conditiarsle also performing relatively well when distigms strike.
They presented a mixed-integer programming modelselobjective was to minimize the nominal cost ahil
reducing the disruption risk using theobustness criterion which bounds the cost inugison scenarios. Chen et
al. (2011) presented a multi-criteria decision gsial for environmental risk assessment with redardvoiding
and eliminating damages and loss under naturastigain international airport projects. They usieel ANP to
demonstrate one of its utility modes in decisiorkimg support to location selection problems, whédgims to an
evaluation of different projects from different &imns.

A facility location model with fuzzy random parareet and its swarm intelligence approach was stuolyed
Wang and Watada (2012). A VaR based fuzzy randailtjalocation model was built in which both thests
and demands were assumed to be fuzzy random \esiabhe model was inherently a two-stage mixed 0-1
integer fuzzy random programming problem. A hybnwbdified particle swarm optimization approach was
proposed to solve the model. A corresponding fraomkvior value-based performance and risk optimarain a
single-stage supply chain problem was developedHaln and Kuhn (2012). They applied Economic Value
Added as a prevalent metric of value-based perfocendo mid-term sales and operations planning. Duthe
uncertainty of future events in a scenario basetdlpm, they also used robust optimization methodsetal with
operational risks in physical and financial supphain management. Nickel S. et al (2012) providedudti-
period supply chain network design problem. In thigsblem, uncertainty was assumed for demand atedest
rates, which was described by a set of scenariesowingly, the problem was formulated as a muéigs
stochastic mixed-integer linear programming problerRecently, Hosseininezhad et al. (2013) proposed
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continuous covering location model with risk comsation in which the objective function consistdritallation
and risk costs and introduced a risk analysis niebased on Response Surface Methodology (RSM)risiader
risk management in the location models. Also, Hossezhad et al. (2014) presented a continuousoiaped
location-allocation model with fixed cost as a rislanagement model. In the presented model, thel foost
consists of production andinstallation costs. Tloeleh considered risk as percent of unsatisfied deisma

In the rest of this section, aforementioned aricee classified based on location model, risk,tgpace and
uncertainty as shown in Table 1 in order to hekp thader appreciate the symmetry associated wétHaitility
location problems.

Tablel. Comparison between the works

Author(9) Location model Risk type Face Uncertainty
Guillen et al (2005) Multi objective supply chain Scenario based Discrete Sochastic
Shyder et al (2007) Location with risk pooling Scenario Based Discrete Sochastic
Ozsen et al.(2008) Warehouse location Uncertain demand Discrete Sochastic
Azaron et al.(2008) Multi-objective stochastic Scenario Based Discrete Sochastic
Wagner et al.(2009) Uncapacitated p-median Value-at-Risk Discrete Sochastic
You et al. (2009) Multi-product supply chain Uncertain demand Discrete Sochastic
Mete and Zabinsky (2010) Location with vehicle routing Disaster Discrete Sochastic
Cui et al.(2010) Reliable facility location Risk of disruption Discrete Sochastic
Liu et al. (2010) Two-echelon inventory/logistics  Sochastic demand Discrete Sochastic
Peng et al. (2011) Reliable logistics network design  Disruption Discrete Sochastic
Chen et al. (2011) Location selection Disaster Discrete judgmental
Wang and Watada (2012)  Fuzzy facility location Value-at-Risk Discrete Fuzzy
Hahn and Kuhn (2012) Sngle-stage supply chain Scenario Based Discrete Sochastic
Nickel S. et al (2012) Multi-stage supply chain Scenario Based Discrete Sochastic
Hosseininezhad et al.(2013) Continues covering location Uncertain covering radius  Continuous Fuzzy
Hosseininezhad et al.(2014) Continues location allocation Uncertain demand Continuous Fuzzy
Thisresearch Continues covering location Uncertain coverage Continuous Fuzzy

In the next section, the continuous covering larathodel with risk consideration is introduced. &ase of
uncertain covering radius, the problem is formulade a risk management model. Therefore, the niti@rehces
of our research compared to the mentioned workasfellows.

1. Providing a continuous model for the covering lamaproblem
2. Investigating fuzzy coverage and possibility of edrg in the covering location model.
3. Investigating risk in continuous space as a mujictive model

3- Continuous Covering L ocation problem (CCLP)

In this section, a continuous covering location glad introduced which is the extension of the nidjen
continuous space. For this model, the space islelivinton zones.We are interested in finding the locatiok of
facilities in continuous space. Assumiryg, y; are the coordinates of the facility amd, b; are coordinates of the
center of zoné (or the customeir) andD is the maximum distance that a facility could bealed from the center
of a zone for assigning to the zone. Two new véggd); andu;; are also introduced in the modgl. namely, the
selected zone variable shows whether or not thétyagis located in the zonk it is assumed that the distance
between each customer and each facility is eualidBlaen constraints (3) and (4) are as follows.

Z Zji <\/(xj—ai)2 + (yj_bi)2> <D, Vj=12..k ©

1

1l
=

Zji = 1, VJ = 1,2, ,k (4)

-

...
Il
-
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Constraint (3) guarantees that if the distance éetvithe facilityj and the zoneis greater thal,z;; = 0, so
the facility] won't be located in the zomend the facilityy will be located in the zonie if the distance between the
facility j and the zongéis smaller tharD, constraint (4) Guarantees that the facijitg installed only in one zone.
Also, we set a constraint to locate facilities atle zone as follows.

k
ZZ]'L' < 1, Vi = 1,2, e, n (5)
j=1

Constraint (5) guarantees that at most one faaityld be located in the zomeAnother new variable;;,

namely, the covering variableshows whether or hetdustomer is covered by the facility. If R is the covering
radius and_ is a large value, then

\/(xj—ai)z +(=b) <R+L(1—-uy),  Vi=12.,n, Vj=12,..k 6)

\/(xj—ai)z + (yj—bl-)2 >R — Luy, Vi=12,..,n, Vj=12..,k )
Constraints (6) and (7) are the covering consigaamd guarantee that each customer can be covgrad b
facility if the distance between them is smalleart®; w;;'s (Vi = 1,2,..,nand Vj = 1,2, ..., k) constitute the
covering matrix. If the distance between the custanand the facilityj is greater thak thenu; = 0 andu;; = 1
otherwise; since. is a large value constraint sets (6), (7) willdagisfied, simultaneously. Assuming that if the

customei is not covered by any of facilities, then= 1,we set a constraint similar to constraint (2) dle¥es.
k

zuﬁ +q=1,  i=12,..,n ®
j=1

Constraint (8) indicates the demand constraint wigigarantees thatis 1 if u;; is zero, it means that the
customer is not covered. IE; is the importance of customgerthe objective function of the model constitutés o
the risk cost which is the cost of the uncoverestamers based on the importance of each custorseardingly,
by integration (3)-(8), the continuous coveringaten model as th@-1 nonlinear programming modg}is as
shown in (9):

n
Pz:minz Ciq; ©)]
i=1

28

NGE

i (J (g—a)” + (yj—bi)2> <D, Vj=12..k

...
Il
-

Zji = 1, V] = 1,2, ,k

zj; <1, Vi=12,..,n

gINE

j=1

\/(xj—ai)z +(=b) <R+L(1—-uy),  Vi=12.,n, Vj=12,..k

\/(xj—al-)z + (yj—b)* = R — Ly, Vi=12,.,n, Vj=12 ..k
k

Zuﬁ+qi21, i=1,2,...,7’l
=
Zji,u]'i,qi € {0,1}X],y] € RVi = 1,2, e, n, V] = 1,2, ,k

In next section, by applying the possibility of eowg,a multiobjective model is presented.
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4- Multi objective continuous covering location model

In this section, at first the multiobjective modslpresented and then a fuzzy programming is agpbe
convert the model to a single objective one. Simeenvestigate the problem in uncertain conditi@ssuming the
covering radius is a triangle fuzzy numBet (R, R, R,) as shown in Figurel, in the modglwe replace (6) and
(7) by (10) and (11), respectively as follows.

_ 10
J(xj—ai)z +(y=b) <R+LA-vw;),  Vi=12..,n, Vj=12,.,k 10

\/(xj—ai)z + (yj—bl-)2 >R - Lu;, vi=12,..,n, Vj=12,..,k 11)

Possibility of covering
A

» Distance

R, R,
Figure 1. fuzzy covering radiu®
In this paper, we introduce the possibility of ciong concept as follows. If the distance betweaustomer

and a facility is smaller thaR, , the possibility of covering i, if the distance is greater th&p, the possibility of
covering is0 and if the distance is betweBpandR,, the possibility of covering is betwe@rand1.So,

;
1 \/(xj—ai)z + (yj—bi)z < R1

Sji = 9 <R2 - \/(xj_ai)z + (J’j—bi)2>/(Rz —Ry) Ry < \/(xj—ai)z (b)) <R, Vi) (12
0 Ry < \/(xj—ai)z + (y-b;)"

According to constraint (12§;; is the possibility of covering the customesy the facilityj and constraints
(13) and (14) are provided as follows.

2 2 . .
\/(xj—al-) + (y]_bl) - RZ + S]L(RZ - Rl) < L(]. - u]'l'), Vi = 1,2, ., n, V] = 1,2, ,k (13)

Sji < Lu]'i, Vi = 1,2, e, n, V] = 1,2, ,k (14)

Constraints (13) and (14) are the possibility ofezting constraints; sindg< S;; < 1 andL is a large value, if
the customel can be covered by the facilifythenu; = 1 and the constraint (13) is activatedujf = 0 the
constraint (14) is activated asg = 0. Constraints (13) and (14) guarantee feasibilftth@ model. Also for
providing a crisp modeR is replaced by, which guarantees that if the distance betweerctisetomeri and the
facility j is greater thaRr,,thenu;; = 0.In the modeP,, the risk cost, namely, is minimized. But because of
uncertainty, it is desired to maximize the posgipbibf covering by facilities. So we add the posd#ipof covering

concept by each facility, namely, to the model, then the multiobjective continudosation modelP;is as
provided in (15).
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P,: i'l=1 i=1 @5
Fz:minz C;q;
i=1
St.
\/(xj—ai)z + (yj=b;)" < Ry + L(1 —uyp), Vi=12,.,n, Vj=12 ..k
\/(xj—al-)z + (yj=b;)* = Ry — Luy;, Vi=12,.,n Vji=12 ..k

uji + qi = 1, i = 1,2, e, n

DM=i=

Il
=

i <\/ (—a)” + (yj—bi)z) <D, Vj=12,..k

i

Zji = 1, V] = 1,2, ,k

zj; <1, Vi=12,..,n

N

j=1

\/(xj—al-)z + (y]—bl)z - RZ + S]L(RZ - Rl) < L(]. - u]’l‘), Vi = 1,2, e, n, V] = 1,2, ,k
Sji < Lu]'l', Vi = 1,2, e, n, V] = 1,2, ,k

Zji,uﬁ, qi € {0,1} ,0 < S]L < 1, xj'Yj € RVi = 1,2, ., n, V] = 1,2, ,k

For converting the multiobjectivemod® to a single objective one a fuzzy programmingpplied.At first,
we solve two single models with the objectiReandF, , separately. IX* andX2bethe obtained solution &fand
F,, respectively, we replacé! andX? in F, andF,;, respectively, to obtain lower and upper bound dach
objective, so a pay-off matrix is obtained as shawhable 2.

Table 2. Pay-off matrix for the multi objective model
F, (X) F(X)

FXYH=U FXH=U,

F1(X2) =1L Fz(XZ) =L,

Xl
XZ

Two variablesT; (X) andT,(X) are introduced which are satisfaction degree e@bthjective valueg;andF,,
respectively, then constraints (16) and (17) afelésns.

0 Fi(X) < Ly
T,(X) = {M

U — L, L <F{(X)<U; (16)
1 U, < Fy(X)
1 Fo(X) < L,
Uy — Fy(X
T,(X) ={% L, < F,(X) < U, @7
2 — Ly
Lo U, < Fy(X)

The satisfaction degree concept of the objectivaegis shown in Figure2 and Figure3.
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Degree of satisfaction
A

Ll Ul

Figure 2. Satisfaction degree &f values

Dearee of satisfaction

A

Ly U,

Figure 3. Satisfaction degree &f,values

Finally, we use Zimmermann Max-min operator as showconstraint (18),

max min{T; (X), T, (X)}

(19

If 2 = min{T,(X),T,(X)} and0 < A1 < 1, Sinceld < T;(X)then,A < (F,(X) — L,)/(U; — L,), then constraint

(19) is as follows,

L — Zk:zn:(ci -sﬁ)/n + AU, — L)) <0,

j=1i=1

19

We carry out similar calculations f@§ (X)which lead toconstraint set (20) as follows,

n
i=1

Th_en, the final single objective modgjlis as provided in (21)

P,: max A

St
\/(xj—ai)z + (y=b:)" < Ry + L1 — ), Vi=12,..
\/(xj_ai)z + (yj_bi)z = R, — Luy;, Vi=1,2,..

k
Zuji-}-inl’

=1

i=12,..,n

=
D <\/ (—a)” + (yj—bi)2> <D, Vj=12,..k
1

=

Vi=12 ..,k

47

(20

(1)

N, Vi=12,..k

N, Vi=12,..k

Vi=12,..,n Vji=12 ..k



k

L= Z (Ci'Sji)/n +A(U; — L) <0,
n

n
i=1i=1

ZCICII_UZ +A(U2 _Lz) S 0,
i=1

L
Zji,uﬁ,qi € {0,1} ,O < S]L < 1, 0 < A < 1, xj:)’j € RVi = 1,2, e, n, V] = 1,2, ,k

Finally, 1 is the objective value(,xj,yj) provide the best location of the facilitandu;;'s fori, j provide the
covering matrix.

5- Numerical example

In this section, a humerical example is expresediustrate the introduced mod&uppose that we want to
locate3 new facilities in a region including6 zones (customers). Specifications of customersiaoe/n in Table
3. As shown in Figure4, Fuzzy covering radius is (0.70,0.70,1.10) and>=0.60.

Table 3. specifications of custome
Customer i Coordinate (a;, b;)  Importance c;

1 (2,1 1
2 (3.1 15
3 1,2 11
4 (2,2 1.2
5 (3.2 1.0
6 1,3) 13
7 (2,3) 14
8 (3,3 1.6
9 4,3 1.0
10 1,4 1.0
11 (2,4 11
12 (3,4 2.0
13 4,4 1.0
14 (2,5) 1.0
15 (3,5) 15
16 (4,5) 13
Possibility of coverina
A
1
» Distance
0.70 1.10

Figure 4. fuzzy covering radiu& for the numerical example

At first, we solve the moddl; for the objectiveF; andF,, separately, the example was solved by optimiratio
softwarewhich uses théranch and reduce algorithm. The Pay-off matrix for the numerical exge is as shown
in Table 4.
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Table 4. Pay-off matrix for the numerical example

| R Fo(X)
U; =0273 U, =0.570
L, =0.153 L, =0.165

Xl
XZ

Finally, the modeP,is solved and coordinates of new facilities arenshin Table 5.

Table 5.Coordinate of new facilities

Facility Coordinate x Coordinate y
1 3.399 4576
2 1.567 2.586
3 2.592 1.569

The covering variable and the selecting zone vhatahre

Upgz = Upg3 = Ugs = Upge = Up3 = Upg = Uge = Upy = Uz1 = Uz = Uzyg = Uzs = 1.00
Z115 = Z27 = Z35 =1

As shown, the facilities are located in zones &nd 15. Also, the possibilities of covering valaes

S112 = 1.00,5; 13 = 0.67,5; 15 = 1.00,5; 16 = 0.91
S,3=0.71,5,,=0.93,5,6 = 1.00,5, , = 1.00
S31=10.70,53, = 1.00,S3 4 = 0.92,53 5 = 1.00
and,

ds = 99 = q10 = q11 = q14 = 1.00

That means customef8,9,10,11,14} are not covered. Finally, the objective value4s0.702. The final solution
is shown inFigure 5.

A ° Location of customers

o Location of facilities

~l '
I
: <N\

1 2 3 4 X

Figure 5. Results of the numerical exam

6- Sensitivity Analysis
In this section, we analyze the presented modealed@n the numerical example. At first, a sensytivi
analysis is carried out for tHeCLP model by changing paramet®mwhich is shown in Figure6. As can be seen,
by increasing the covering radius, the risk is dased.This shows usability of the presented comtisicovering
location modeP,based on different covering radius.
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0.7 0.8 0.9 1 11 12
R

Figure 6. Sensitivity analysis of the CCLP model

Objective function

The final analysis deals with the importance ofsidering two objective functions simultaneouslyrasoduced
namely the multi objective continuous location modessuming F;; andF,, are the value of objectivg in the
model P; with merely the objectiv€, andF,, respectively, and,; and,, are the value of objectivg, in the
model P; with merely the objectivg andF,, respectively, we solve the mod&l by changing parameté&,with
fixing R, = 0.70, as shown in Figure 7 and Figure 8. Alsdfjifand F;yare the values of the objecti¥e andF,
obtained by solving the presented model with déffeR, values, respectively. The best resultsH@re obtained
viaF;;but in this case the worst results fBrareobtained here. On the other hand, the besttsefrl F,are
obtained viaF,,but in this case the worst results f§r are obtained here. Obviously considering merelg on
objective may sacrifice the other. Comparison etils shows that the presented model makes a ffazaveen
these two objective functions.

0.3

0.25

0.2

015

0.1

0.05

H . . R,
EFll OF* @F12 EF2 OF2* @Ff21
Figure 7. Sensitivity analysis of the presented model Figure 8. Sensitivity analysis of the presented model
with merely the objectivig, with merely the objectivE,

7- Conclusion

This paper presents a multi objective continuousrog location problem in fuzzy environment as tis&
management model. Because of uncertain coveringgatthe possibility of covering concept was introed. The
presented model’s advantage over the traditionatring location ones was the consideration of comtus space
for the covering problems. Two variables were idtrced for extending the discrete model to the coltis one;
the selected zone and the covering variables. @iraythe continuous risk management location madahother
usability of the presented model. Also, the pamroduces the possibility of covering based on distance
between the customers and the facilities. The thjeative modelwas constituted ofthe maximum po#sibof
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covering by each facility and the minimum risk coftuncovered objectives. Then, the fuzzy prograngmias
applied for converting the model to the single obye one. Finally, sensitivity analysis was cadriut to show
the usability's of the continuous covering locatmblem and the presented two-objective modeleiision of
the model as a continuous covering location allonatnodel with uncertain supply and demand and idensg

uncertain budget could be investigated in futuseagches. Providing a heuristic method for largdesimstances
is another research issue which we think may netudd investigations.
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