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Abstract

Recent facility location allocation problems aregaged with social,
environmental and many other aspects, besidesobfttives. Obtaining a
sustainable solution for such problems requireseld@ment of new
mathematical modeling and optimization algorithns. this paper, an
uncapacitated dynamic facility location-network idas problem with
random budget constraints is considered. Socialegsssuch as public
satisfaction as a function of construction timember of missed jobs
incurred in the regions under study and environaleconsiderations are
incorporated in the model.Sincethe proposed mosdekxpected to be
capable of dealing with probabilistic network desiga new chance
constraint formulation is proposed and manipulated increase the
applicability of the model in uncertain decisiohdoreover, the proposed
method enables decision makers to determine thepletion rate of
projects through a time horizon while this notian not achievable by
applying other methods in the literature. The ojtittion of the proposed
model is performed using anovel bi-section procedarwhich a heuristic
and a Simulated Annealing (SA) method are appl@eractively. The
efficiency of the proposed method is verified ttgbua real world
application of establishing a set of health cameters and the connecting
links in Meshgin Shahr, Iran. The results of caselys showed that all
considered sustainable objectives come to a ststadys in the fifth year.
Also according to geographical data, the resulsutlereating links are
regional and the health centers have dispersedrggugally in order to
serve the demands of the whole under study region.
Keywords: Facility location-allocation, network design, stisédility,
healthcare, chance constraint, bi-section optinunat

1- Introduction

Facility location problem in its initial functiotries to locate the facilities likemanufacturipignts,

service centers like hospitals (Vahidnia et alQ@0and distribution units (Weber & Friedrich, 1929

in a way that not only the demands of customersatisfied but also the cost, travel time, customer

satisfaction and other similar objectives are ojziul (Klose & Drexl, 2005).
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The question of whether a facility should beaked in a point or not, and also that which custsme
are served by each facility, requires the invesibgaabout how the network of facilities and
customers should be designed. Hence, the ever mgdvady of literature in facility location network
design problem has been increasingly consideradiite range of applications (Shen ,2007).

The facility network location problem was iniljastudied by Daskin et al. (1993), in which they
considered their problem under the assumption capacitated facilities and networks. In another
research, Melkote (1996)extended the Uncapacitiaadlity Location Network Design Problem
(UFLNDP) to capacitated facility location networksign problem (CFLNDP) as well as maximum
covering location network design problem (MCLND#&g. Assis Corréa et al. (2003oposed a new
framework for probabilistic maximal covering profieAlthough the mentioned researches were so
applicable in real world, as the parameters ofrtloglel such as demands and costs change through
time, a designed network at a certain timewould wotk well in a future time with different
parameter values. Hence, considering dynamismeamtbdel turned in to a priority which attracted
the attention of many researchers. Several catggardf dynamic facility location problems were
studied which are thoroughly reviewed by TorresoS@010)andFarahani and Hekmatfar (2009).
Some other instances are Jena et al. (2015), Jeha2016)and Marufuzzaman and k&glu (2016)
and Rabbani et al. (2017). In similar studies, Makod Ghavamifar (2016)and Hamta et al.
(2017)investigated stochastic supply chain netwgroblems. Moreover, Jabbarzadeh et al.
(2016)developed a supply chain network problemnmuéti-period space.

In the recent years, despite the prosperityhef conventional mathematical modeling in supply
chain research area, it is no longer sufficient attiéctive to only optimize a facility locationgislem
solely based on cost based objectives. Apparedeigision makers incline to find out about a sohutio
that can simultaneously consider global environmenthallenges, social issues such as
unemployment and public satisfaction as well ad aoshe modeling. In other words, the facility
location problems are expected to meet sustainddelopment targets. In such new approaches,
decision makers are to set sustainable targetsai the whole industry level to a more sustained
position. Reducing time to reach sustainability £)is one of the more challenging and interested
problemin a sustainable facility location networks@yn problem. Eskandarpour et al. (2015),
presented a comprehensive discussion on facilibation in supply chain networks considering
different types of criteria affecting sustainablevelopment.Corominas et al. (20163ed TTS
approach for sustainable development of the ingustipply chain mostly by considering several
economic factors such as after tax profits, investingcenarios and other similar indices.

Considering to multiple objective decision makimethods, generally two approaches are common
in this field including trade off optimization (TQkee Eskelinen and Miettinen (2012)) and goal
programming (GP) methods. In TO, the multiple otijes are aggregated considering their weights
in a single objective and consequently this obyecits considered as the overall index of the proble
to be optimized. Sheu et al. (2005), Neto et &08) used this method. The main drawback to this
approach is that it is not capable of considering tperiods in its optimization procedure, henoe, f
dynamic cases the TO approach cannot be applied. gdal programming approach initially
developed by Charnes and Cooper (1957), tries tonmze the overall distances of objectives from
their goal values through optimization of a lingmogramming. Although this approach has been
more effective than the TO method, it fails to destoate ability of considering time horizons in its
optimization procedure. In a more recent attempdectically developed for sustainability
studies,Kannegiesser et al. (20p4¢sent a time to sustainability (TTS) approackwivich, not only
an efficient framework for multi-objective optimikan is facilitated but also a comprehensive insigh
is given to decision makers about the time thaysiesn needs to reach stability among several
objectives. This has been tested in several prablarthe area of facility location problems proven
be effective in sustainable development planning.

Although Ghaderi and Jabalameli (2013) and Ghia@®15) worked on uncapacitated facility
location—network design problem, a sustainabilibalgsis that considers a probabilistic parameter
space through chance constraints, has not beeiedtsal far. In this paper, a problem is discussedin
which locating facilities and allocating customéosthem through establishing the links between
servers and clients are needed. Since, such dewetajprojects are tightly engaged with social issue
such as impact on unemployment and the dissatisfiaof citizens during project construction time
and environmental concerns as well as cost obgstiwe investigate the time to sustainability in
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which all the objectives reach a stable state. lheg since the budget assignment to such problems

does not necessarily occur as the plans, the pedpoethod presents a novel chance constraint

method that enables decision makers to tackle ttodbapilistic impreciseness of the budget
realizations.In the proposed method, the constnabi facilities and links complete through a time
horizon and the model is capable to determine wheatentage of any project should be completed in
each time units exactly as it happens in real wapglications too. Consequently, the proposed
method provides a general framework for sustaintduliéity location network problem.

The problem under study is a prototype of malanming applications. For instance, health care
development projects, different civil and urbanjgcts and many others. In this paper, we illustrate
its application in a real world case of health care city in Iran. Since, the conventional UFNLD
problems are strongly NP hard problems, considefiegsustainable version is clearly an NP hard
problem for which we develop a hybrid heuristic airdulated annealing optimization procedure.
More details about the contributions of this adiale given as follow:

1. The mathematical modeling of sustainable DUFLNDPRresented in this article. This approach
enables modelers to not only consider a dynamienig#tion of the problem, but also it can be
investigated that how long it takes for all objees to reach a stable state. This provides an
insight of how different objectives are realizeddng term periods.

2. Through the sustainable framework of the paperdtbgatisfaction of the public is modeled as a
function of project construction time. The longbe tproject takes, the more dissatisfaction of
public should incur in the model. Moreover, thdiacility is opened or not in a region can influent
the number of created or missed jobs in the regioich is a significant example of social issues
affecting a facility location allocation networksign.

3. Due to uncertainties of budget preparation for maa world applications, random variables are
considered for budget constraints, for which a mehtical method is proposed for the
procedure. The space of randomness provides eblidedirea for decision makers to satisfy
probabilistic budget constraints with a defined faence level investigated through chance
constraint models.

4. Within the framework of sustainable optimizationogedure, some basic limitations of
DUFLNDP are tackled. For instance, in previous &sidit was assumed that starting and
finishing of building a facility or a link is comgted exactly at a point of time. In other similar
researches, the establishment of projects is tteadeng a binary approach while this attitude
significantly differs from real world problem asetiproject’s completion rates range a percentage
value in each time period. In the proposed metkod, to the constraints of budget, the projects
progresses are determined in the model and thegbropmpletion occurs in a time horizon as it
does in real world applications. Hence, the modetapable of handling project management
considerations.

5. The presented method includes a general frameworkvhich sustainability, probabilistic
uncertainties and dynamism are considered and elaberative modelling and optimizations are
introduced such as project planning forconstructimg links and service centres. Hence, this
comprehensive approach proposes a more applicabliegy for a wide variety of real world
problems.

This paper is organized as follows: In the r&edttion, the problem definition and mathematical
modeling is discussed. In the third step, the smtuprocedure and the corresponding algorithm is
explained through a real case study. Finally, heclusions are drawn in the fourth section.

2- Problem definition and mathematical modeling

In this section, the problem under study isadtrced in details and the corresponding mathenhatica
modeling is presented. The sustainable UFLNDP dedua set of customers with defined demands
for which a set of potential locations exist fotadgsishing a number of facilities to serve themige In
this problem, new facilities are locatedand thentk are assigned to them to be served. In the
problem under study, the development of new serv@gers, roads, the concentration of customers
in the area and other parameters of the model docdifferent time periods. Hence, the modeling
should consider a dynamic approach. While, thenistament of service centers and the linking roads
may long for a few years, the budget assignmerstpoower demands and etc., also need to be revised
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through time. Hence the dynamism is a crucial priypaf the problem under study. For this purpose,
it is also of the interest to determine whetherdheould be a need to create a link between the
established facilities.

The following are the assumptions folded in auodel. First, we consider a time varying
framework for the parameters of the model for whittdifferent time horizons different values of
parameters are considered. Secondly, the linksamilities are assumed to be uncapacitated. Next,
the opened facilities remain open until the englafning horizon. Moreover, the opening of a limk o
a facility happens in the beginning of a perioghbuld be noted that the DUFLNDP is considered as
a mixed integer non-linear programming (MINLP).

2-1- Notations

The corresponding notations are given as follows:

Symbols
Sets

N

NO

LE'

LP'

LT

LO
T

M
Parameters
di.

2t

3
it

The set of nodes of the netwatk € {1,2, ..., [N|}, k € {1,2,...,|N|}
The set of opened facilities at the available netwa® € {1,2,...,|N|}
Set of available network links at thgperiod(i,j) € LE*

Set of potential links in thig, period(i, j) € LP®

Set of network links in tht, period, (i, j) O L', L' = Lt U Ly
Set of links available in the network

Set of time periodst ({1, 2,.....,[T[}

A large number

Demand ok, customer in théy, period

Length of linki to]

Cost of establishing a link between nadmdj in thety, period

Cost of travelling per unit flow on between nadmd j in thety, period

Cost of travelling between nodeandj if all of the demand of thky, customer passes
through this link in they, periodr/* = pf; * dj;

Operational cost of the opened facility in thg@eriod

The operational cost of the opened link betweerenaadj in thety, period

The available budget for investment of facilitiestet;, period which follows normal

distribution by the meau;f)’t and varianceatH
The available budget for investment of network ¢irik thety, period which follows

normal distribution by the mean qf?‘ and the variance orfJIR
Maintenance cost for the facility in thety, period

Penalty factor due to the overflowk®, in period,
The key performance index relating to theobjective

Base value folKPl,

Target value folKPl, shown as a percentage Base;]

Maximum valid increase fokP, shown as a percentage%ﬂ%q
Pollution resulted by opening a facility in thegperiod

Pollution resulted by creating a link betweenaioandj in thety, period

Pollution resulted from waste disposal of facility thety, period
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N, Number of missed job opportunities in case of neérong theiy, facility in the ty,

period
A The dissatisfaction of citizens living in the vitin of the construction plant for,
! facility in the in thety, period
r The least probability of budget provision for eé$ittling the hospital from the
H beginning of the construction t@period
Tt The least probability of budget provision for edigtbng the network links from the
R beginning of the construction tgperiod
Variables
7} Binary variable, equals to 1 if facility is opened in théy, period, otherwise 0, (
70{0.3)
xitj Binary variable, equals to 1 if the link betweerdaoandj is opened in thg, period,
otherwise 0, € 0{0.})
yikjt Proportion of demands ¢, customer that passes through limk) (in thety, period, (
kt
O<y, <1)
wit Proportion of demands &f, customer that is served by thefacility in the ¢, period,
(0sw' 1)
7~th >0 The normalized total overflow due iéqu in thety, period
,7_t The completion percentage of constructing facilitiyat is constructed in thg period,
|
(0<77' <1)

Note thatN represents the set of hodes which denote citigkdrproblem under study. Since we
attempt to locate facilities in some of these sia@d relatively these facilities will be choserséove
the customers of the cities, hence the set ofabible facilities would be interchangeably the sam
as set of customers.

Moreover, the notations given in the table aboom aq to ¢/t are concerned with the sustainable
optimization procedure. Whitg, , Base, ,Targetq,UBq,TtH, TtR and determined based on the experts’

choice, thé, , E”.2t , E.,N, ,A' are mostly driven due to statistical data col@tefforts.

it 70

2-2- Problem modeling
Constlering the above notations, the mathematical mogdedf the problem is given in equations
(1) to (33) as follows:

min Z=>>"7, a, quQ={1,2,34 tOT )
oCQ tT
st
> ey e Y Hx > yl7 ~Target. Base,
lz[ > (i,j)ou KON iON (i,))0lt i< iON OtOT (2)
(UB. —Target.).Base.
- Z_EMB+ER+5WD —~Target, .Base, e @)
*7|  (UB.-Target,).Base, ’ ’
_Z(l_ Zit)Nit — Target,, .Basg,
7t 2| - : OtoT, (4)
(UB,, —Target, ).Base,
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D UN, -Target,,.Basg,,

i, > , OtaT, 5
“ 7| B, —Target,, ).Base,, ©)
Z+> Y =1, Oi ON,CtOT, ©)
jON
PAAED IR Oi,kON:i 2k, 0t0OT, )
jON jON
zo+ > w=1, OkON,OtOT, ®)
iON:izk
VARRAESS OG, )0 :i < j,0kON,OtOT, 9)
W<z, O, kON:i #k,0tOT, (10)
t to_
pQ > fin <> B =1, OtaoT, (11)
t'=1i0N t'=1
t to.
PQ. X axA-x)s) )21y, OtoT, (12)
t'=1 (i, j)ou t'=1
Z 277, 00N, OtaT, (13)
X =X, OG, HOL @i < j,tOT, (14)
z71=1, OiON°,Ct =1, (15)
771=0, OiON°, Ot =1, (16)
Xt =1, OG, HOL:i<j,06=1, (17)
X{™ =0, O, HOL:i<j,0t=1, (18)
t
Sn'<1 OiON tOT (19)
=1
t
2> OiON DtaT (20)
'=1
t
zZ > (Z’Zt' -D)M +1 OiON OtOT, (21)
=1
720 OiON GtOT 22)
n'<1 OiON CtOT (23)
Y 20, Oi()0OL,0kON,OtOT, (24)
W >0, Oi kON,:kzi,0t0OT, (25)
Z 0{0,13, OiON taT (26)
X, 0{0,1, OiON x0T 27)
where
EiTake = z Eilt’7it1 (28)
B =22 )
[

22



E" =2 Ei7, (30)

UN, =(1-Z)AAL, (31)
At =t -t (32)
tm = min{t‘/yit > 0} (33)

In equation (1), the total overflows of the mulépbbjectives of cost, environmental issues,
number of missed jobs and unemployment are coreidérhe corresponding equations ﬁgt for

g=1, 2, 3, 4 are presented in equations (2) toMigreas the normalized value of each objective is
calculated considering the most ideal and the lpastuasive values of each objective. Equation (6)
guarantees that in each time peripthe overall demand of the clients should be skeither by an

opened facilityzit or by the fractions of services of other facit‘stiez Yijit .
jON
The equation (7) deals with the balance betwkennput flows to the facilitythat should be equal
to the flow out of this facility for thek, customer in thdy, time period. Equation (8) tries to

emphasize that the demand of custokigerthe time period should be satisfied whether by tlZFs or

by other facilities. Equation (9) shows that asgl@s the link of; is not created, no flow can pass
through the link and accordingly as long as a itgcis not opened it cannot serve any client.
Equations (10), (11) and (12) guarantee that tlobglility of meeting the budget constraints for

establishing the facilities and roads are IargemtETL,T; in each time period. Note that these

equations are necessary due to that in real waidications; the budget allocation is not straight
forward. Regarding to the uncertainties that ovewhfacility location problems, rarely are projects
assigned budgets as planned.However, based ont€xgaices it is possible to draw estimation for
the chance of budget assignment. Practically, suclapproach has been proved more effective in
comparison with the modelling based on determmmigtlues. In the proposed method, Equations
(10), (11) and (12) define a level of satisfactionprovision of budget, hence the obtained sohgio
will be less affected by unpredicted events.Equatil3) and (14) show that a facility or a road
remains open in the time period after it is opeinédlly.

Nowadays, the financial supply of projects meglize in accordance to many uncertain events. For
instance, in many cases even though a project busl@stimated prior to the construction start, due
to unpredicted issues other expenditure criterig bgaprioritized. In developing countries this reatt
frequently occurs. Hence, in the proposed modeh#seimption of probabilistic heightens the model
applicability.

Equations (15) to (18) demonstrate that which iteedl and roads exist in the available network.
While Equation (19) shows that the complete peagmbf establishing a facility is equal or lessitha
number “1”.

The ;t variable can be assigned 1 when the total congtrupercentages are equal to las explained

in equations (20) and (21). Equations (22) to @¥w the variable types. Equations (28), (29) and
(30) define the environmental issues resulted instaction of the facilities, roads as well as the
pollutions incurred to environment in exploitatigghase. Equations (31) to (33), define the
dissatisfaction of the citizens during the congtamcperiod of the project which is proportionaltie
construction time length.

Since the budget constraints in the proposedhodeare considered in terms of chance constraint

format, the linearization of these constraintsxglaned as follows.While we assume ttﬁt follows

normal distribution by the parameters ()Et,af,t) which is denoted 8" DN(Et,Jﬁt), the
corresponding linearized constraint is given inaiqun (34).
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t

> Y g -y B @), (R o) (34)

t'=1i0N

The equation (34) is the result of a proof thagiven in the appendix A.
Similarly, the equation (12) is linearized as shawequation (35).

> Y dxa-§)-Y B =@ @) Olod ) ()

t'=1 (i, j)o.
This equation is a result of the proof as givethimappendix B.

3- Solution procedure

The problem under study is a mixed integer rio@alr problem that is an NP-Hard problem. Hence,
the available exact methods are not efficient ehotag result permissible solutions. The general
configuration of the proposed solution procedureludes a relaxation approach applying a

metaheuristic method as well as a CPLEX optimiratla the proposed method, the variablesa‘of
are first determined using Simulated Annealing ($A) then the relaxed problem is optimized in
Gams software using CPLEX solver by Whilgh yift ,V\{<I ,ﬁf ,I7it are determined.

SA algorithm initially developed by Kirkpatrickt al. (1983), has been extensively applied in
different fields of optimization. The algorithm h&®en inspired from metallurgy in which the
optimization procedure simulates the annealing ggscof a metal. The main idea behind this
algorithm is heating and controlled cooling of atah¢o let its crystals shape optimally. This imrtu
means that in the initial steps of optimization qgadure more dispersed solutions are let to be
generated and gradually in further steps more cureted searches of solutions are applied. The
steps of the proposed method are illustrated uréid..
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3 » Algorithm parameters Find primal Z!
Start e Sustainability parameters . %
¢ Problem parameters H ¢
Solve P
End H . H
: (Flnd)ﬁt“,]il!}/i:'qlvw!”q[) E
) E . t it t kt E
Increass Stopplng : Fix Z 7XJ 1I7i IMJ !M 1ﬂq[ and H
condition? . solve P :
No Decrease Temperature|
T=8T
yes Solution neighborhood creation |«
strategies for neV\Zit (case 1-3)
i+l Fix Z' and SolveP,
. . kt
A : (Find X /7, Y W 17y ) : i+l |e
E . t oyt t kt E T
Fix 2. %575 Y W Tl and Move to
: solve P : | improved solution
: and update
SessssssEEEsssnEEEn e EEEE NN RN RN vectors

No

Input initial parameters:

I-

Objective

Yes T

Improved?

Yes

Move to unimproved solution
and update vectors

Fig 1. The steps of the proposed method

3-1- Solution representation

In this paper, a matrix based solution repreg@m is introduced and applied within the SA
framework randomly. In this solution representat@matrix form is applied in which the rows of the

matrix correspond to thel,2,...mfacilities and the columns are in association wAth2,3,...n for
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the time periods. Each cell of this matrix is asseidja random binary value for which it represems t
value ofz‘ in figure 2, this matrix is shown.

1 2 3 . . . T1 T

1

2
Z
C
=
o
;
Z
o
(o}

N-1 e

N

Time periods

Fig2. A solution representation czt variables for the proposed algorithm

As mentioned before, when a facility is openeteimains open in the next time periods. Hence,
when “1” appears in one cell it remains “1” in thext cells of the corresponding rows as well.
In this paper, three methods are proposed for géingmeighborhood solutions. In the first methad,
random city (row) is selected and its time of opgris changed randomly. In the second method, two
random cities (rows) are considered and their spording rows are changed together. Finally, in the
third method a city is chosen arbitrarily and tloeresponding row is assigned with zeros in allscell
Note that the three neighborhood generation methoglspplied together due to a random selection
procedure.

3-2- Numerical results

In this section, some problems have been dedigme solved to show validity of the proposed
algorithm. Considered examples are designed inlsmdlmedium dimensions. In each instance, five
problems have solved. Values of theparameters haea generated using uniform distribution as
table 1.

Table 1. Discrete uniform distribution for parameters.

Parameter Interval for discrete uniform distribution Parameter Interval for discrete uniform distribution

dy [100, 200] Basg [13x1CF, 20x10]
m; [20, 50] Base, [0.7x10, 1.5x10]
c [10°, 1.3x16] Base, [700, 900]
Joi [1500, 5000] Base, [70, 150]

i 2 * di Target, [15, 20]

f! [10% 2x10] UB, [90, 110]

i [0.2x1C, 0.4x16] = [5000, 10000]
ﬁt [3x1CP, 5x10] -J?t [10000, 20000]
B [3x1CP, 5x10] E3 [5000, 10000]
oy [0.3x10%, 0.5x16] Ni; [10, 40]

ORr [0.3x10, 0.5x16] Al [10, 50]

! [0.1x10, 0.4x16] I, 0.95

Ay [50000, 400000] L 0.95
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The proposed algorithm is coded using GAMS 24.h@MATLAB R2013a software. The CPLEX
solver is used for solving the model. The codegroposed mathematical approach were executed on
an ASUS laptop with Core i5 due CPU, 2.4 GHz, andddws Seven using 4 GB of RAM. Each
example solved by proposed metaheuristic algorttbrtimes and mean of results used for validation.
Details are summarized in Table 2.

Table 2. Results on numerical examples

Dimension  Results of Runningtimein Resultsof Runningtimein Gap (%)

GAMS GAMS (second) methaheuristic methaheuristic
(second)

3 6.1327x16 0.1 6.1327x1H 1.2 0

4 4.1411x16" 1.3 4.1411x18 7.6 0

5 6.92483x186' 3.6 6.9249x18 14.7 0.1

6 2.3216x1& 12.4 2.3218x1% 53 0.95

7 3.5960x1&  76.1 3.5962x1% 112 0.8

8 1.4426x16° 210 1.4428x15 145.2 1.6

9 8.0287x1&° 741 8.2053x15 183 2.2

10 1.17104x16 2892 1.1945x1Y9 227 2.01

11 2.9801x1¢'  3600* 2.9571x1Y 260.8 -

12 3.1301x1¢'  3600* 3.1238x1Y 297.3 -

Note. * means that running have been terminateat 8800 second and best feasible solution reported

As it is clear from table 2, the proposed metigiséc algorithm obtains an acceptable solutiom in
reasonable time with a negligible error. Figure Hdves running time of exact solution versus
metaheuristic solution with the increase in dimensi It can be seen from figure 3 that with the
increase in dimensions, running time will be inseaxponentially. Therefore the proposed model is
an NP-hard problem.

4000

3500 ) 4

3000 /

2500

2000 /

/ —@— Exact

Running time

1500

/ —fli— Metaheuristic
1000

500 /J

O I T T T T T 1

Dimension
Figure 3. Running time to obtain exact solution.

3-3- Real world application

Facility location is a major field of regionalapning. In related studies, different public seed
such as educational facilities, shopping centezglth centers and etc. are of the interest. Intheal
care development studies, several researches leaevdth locating facilities. Mestre et al. (2015)
worked on hospital network planning and similarlgv2ri et al. (2013) proposed a novel heuristic
method for locating preventive health centers. €hesearches have not presented a comprehensive
framework to consider several aspects together.
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We consider locating hospitals in Meshgin Shahran which 12 rural regions are of the intettest
be assigned health care centers. In the problererusitddy, 12 points have been nominated for
opening the healthcare facilities. We used theldesta of local government to our problem.This case
only is provided to demonstrate how the proposethatkecan be applied in practice. It could be very
interested and logical to apply the proposed mod#drge scale healthcare problems. Unfortunately
despite our enormous efforts, because of secwrdgans, we didn’'t access to more data and large
scale data. The general sustainability framewoak ik applied in this article is illustrated in dig 4
as follows.

External Scenario Drivers

Economic Demographics
Optimization Strategi ‘ .
‘ ptimization rategies SOClal
(Public dissatisfaction, alizati
‘ Sustainability Key Performance Indicators Job creation considerations) Globalization
Environment Resources &
f ; Environment

Consumer
Demand Patterns

\
\ \

Process Model ) Construction Model ‘ Exploitation
/ Technology
r/”
Regulation &
Integrated value chain model ictivism

Figure 4. The sustainability framework

As shown in this framework, the process modehstruction model and exploitation refer to the
conventional procedure of planning a network desigms procedure interacts with sustainability
optimization considerations by emphasizing on improent of economic, social and environmental
key performance Indices.

In this paper, the main social issues of therest are the public dissatisfaction during thgeato
construction time as well as job creation objedivEhe external scenario drivers are those factors
that can dynamically affect the whole model. Fatance, the change of technology through time can
violate the presumed parameters of the model. immdel, the main external drivers are those which
affect the consumer demand and the cost paramdt#erdng gained a general insight on the
sustainability property of our problem, more detaf the real world application are discussed as
below. Although in the literature are considerat@dsearches which have dealt with locating health
centers such as Skintzi et al. (2003), not muatmatn is focused on sustainable location allocatio
problems in this area.

Since Meshgin Shahr is 170 km far from the r&dviy city, Tabriz, the sending of urgent patients
to Tabriz is very threatening and the in-road niytaf critical patients is very high. Moreovehed
problem even is more serious when patients hatravel from rural areas first to Meshgin Shahr and
then they might be sent to Tabriz afterwards. Heastablishing an efficient health center is caitic
for the area.

The selected points represent a comprehensugrage of population living in the whole rural area
Note that, in this problem we assume that demarehoh node is proportional to its’ population size
which changes over time by the determined growth. fdoreover, all the costs of the model change
according to the inflation rate. In table 3, thede® and their population size is given and the
corresponding map of the region is illustratedgure 5.

Table 3.Nodes and populations.

City(Code)  Population City(Code) Population City(Code) Population

Lahroud (1) 2961 Ghareh Ghaya(5) 1713 Anar (9) 1786
Razi (2) 1749 Moradloo (6) 645 PariKhan (10) 3527
Ghasabe (3) 2110 Fakhr Abad (7) 1282 Alni (11) 3500
Jabdaraq (4) 2460 ArbabKandi (8) 903 MazraeKhalaf (12) 1144
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Due to a new policy for keeping intercity roadsesatlecision makers have decided to establish
roads separated from roadeat link larger citie. Hence, the problem includes locating health
centers as well as establishing roads.Considenm@d-tourism characteristics of the region and
green management issueshdéshgir Shalm natural resources, we aim to solve the faciliggwork
design by minimizing the damages incurred to emvitent as well as meeting the environme
requirements during the exploitatiol

Moreover, since thetate governc tends to incorporate job creatimonsideratior within the
project, another objective of the model i understandhow the opening of facilities can create m
jobs in the regionFinally, the achievement of all above objectii®@permissible while the proje
construction timas minimized and considerably the dissatisfactibpublic in the region during tr
construction time is minimized.

In the region under studien important rural points are mapped and theigian of health service
for these points is analyzed dugifive year plans. In the example under studyassume that all co
parameters change with 10% inflation rate. The afpmral costs of facilities are defined as
corresponding estimated tables. Moreover, the mattithe available links and potdal links is
considered as an input in the model and the tiagetiost per each kilometer trip is 5000 Irar
Rials.

3-4- Solution discussion
The solution of the problem is obtained througheartstic algorithm by applying SA and CPLE
for which the corresponding convergence graphvsrginfigure 6.

x 10"

4.8

Objective Function

1 L 1 1 L . . s s
[} 50 100 150 200 250 300 350 400 450 S00

Fig6. The solution convergence of the model

According to the obtained solution, the variablé z},z2,z3,z 1 and z” are equal to 1. By havir

a general view on the obtained solution, it carobserved that the algorithm has located the h
centers geographitta dispersed enough so to serve maximumdemands of the whole region un
study.

29



Then, the model has tried to improve the sohgim favor of other objectives for which locatiag
health center in Ghasabe in the second period &mdrAthe third period are conducted. It should be
noted that the regions in which the health cerdezdocated, are the points which represent religtiv
congested areas. For instance, FakhrAbad town khbaigng a populated area itself can serve other
important towns such as Lahroud, Anar and ArbabKand

A similar strategy has taken place in the mddetreating links as well. Considering the avdsab
links, having created the links of Ghasabeh to KParn, Moradloo to Parikhan and Razi to
ArbabKandi in the first period, the generated lipkevide sufficient accessibility in whole network.
While Parikhan is selected and its' link to Ghabkakecreated in the first period, similarly the Bgaz
town and its link to ArbabKandi are created andrgéd proportion of the whole population of the
region is served. In the second and the third dersmme minor manipulations are made in the
optimization model to reduce costs and improvestistainability aims.

Moreover, about establishing the links, the nhddes tried to maximize the exploitation of the
available roads and the two links of Moradloo tmiAind ArbabKandi to MazraehKhalaf are created.
Besides, by creating the link of ArbabKandi to Msm{halaf the overall network can provide
sufficient accessibility for all customers.Remembiesit the model was developed in a stochastic
space where the budgets were to be supplied bychaitce.

3-5- A senditivity analysis

In this section, a single objective optimizatimfithe model is considered to draw some concligsion
of how the overall model might differ from a singlejective approach. In the first step, while we
only consider the cost function, the model locdtes health centers in Lahrood, Razi, Ghasabeh,
Jabdaraq, Parikhan and Alni. This pattern of assem shows that the model has tried to consider
more populated areas regardless of any considergttiminimize number of established facilities to
decrease environmental losses.

A similar analysis performed for the second KPé&nvironmental issues, leads to opening only one
health center in Fakhrabad to minimize damagegsiieduo environment while this single facility can
serve the whole demand of the region. It shouldeb@nded that Fakhrabad is located geographically
in a position where it can be linked to all othartp of the network.

For the third objective, the model tries to nmaizie the number of created jobs. For this regaed th

budget is completely used to establish facilitiesesponding toz;,25,23,2 5,Z 5,2 1,,Z 1, as well

as creating the link of 6-11.

In the last analysis, the dissatisfaction ofljguis focused on. The obtained results show that t
model assigns all the regions a health center éxoeghe city of ArbabKandi. This strategy has iee
applied to finish all construction actions in oneripd so that the dissatisfaction of public was
minimized. In figures7, 8, 9 andl10the trend of héag sustainable state of each objective is
illustrated. As shown in figure 6, the sustainadikge is achieved from the fourth period and fer th
pollution target this status has taken place froenfifth period.

A similar pattern happens for the public dissatigta as well as number of missed jobs in the
fourth and fifth period respectively. Moreover, figure 11, the comparison of the sustainability
behavior of the four objectives is given. This dralfustrates that how the overall model comes to a
steady status. The results show that, during 5 gedrunder obtained values by proposed model, all
considered sustainability targets have been acthieve

30



Cost

Pollution

Dissatisfaction

18
16
14
12
10

o N b O

1500
1350
1200
1050
900
750
600
450
300
150

30

\=—|7—l —+———p—

2 3 4 5 . 6 7 8
Time

Figure 7.The time to reach sustainability for cost (%10

10

\

\

\

\
\v/.\l=..=l - —

2 3 4 5 6 7 8
Time

Figure 8. The time to reach sustainability for pollution

10

25

20

15

\

10

1\

\

AN

2 3 4 5 Time 6 7 8
Figure 9. The time to reach sustainability for Dissatisfactio

31

i
9

—
10



Missed Jobs

70

65

60

55

50

45

40

4.5

3.5

2.5

1.5

0.5

Figure 10. The time to reach sustainability for number of m&fpbs

—4&— Dissatisfaction == Polution == Missed Job ==>=Cost

1 2 3 4 5 6 7 8 9

Figure 11. A comparison of the trends of the multiple objeetiv

32

10

Time



4- Summary and conclusion

In this paper, a sustainable optimization frameweals used for dynamic facility location-network
design problem, considering random budget conggidimthe developed framework, economic,
social and environmental issues were considerdgnamic space under randomness of some input
variables. The effectiveness of the proposed framnlewas verified in a real world application of
locating healthcare facilities in Meshgin Shahitg in Ardabil province in Iran, focusing on
establishing healthcare centers in the rural reggidhe conducted analyses and discussions on the
sustainability of the model demonstrated persuasselts proving the model reliability. Moreover,
the determination of the time to sustainabilityobfectives provided reliable insight on the issoe f
the decision makers. The results showed that allidered sustainable objectives come to a steady
status in the fifth year. Also according to geodpiapl data, the results about creating links are
regional.lt can be observed that the algorithmlbeated the health centers geographically dispersed
enough so to serve the demands of the whole regidar study.

There are some suggestions for the future relsesr We considered uncapacitated network
assumption to build the model. In most of real @agoroblems, this assumption may not realize.
Therefore extending the proposed framework for cidgid networks could be interesting. SA
algorithm was used for model solving. As anothaggastion, using other algorithms to solve the
proposed model and comparing their results arelesigihg. Because of state limitations, it was
difficult to access large scale datasets. Resesrcha apply the proposed method in other case
studies or in large scale cases to examine it§bpeance. The proposed framework is capable to be
extended to other types of networks for instaneectipacitated ones, or being considered with fuzzy
parameters.
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Appendix A
Proof of the equation (34):
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wherep denotes the standardized normal distribution. &loee:
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Appendix B
Proof of the equation (35):
to.
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whereg is the standardized normal distribution. Therefore
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