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Abstract

This paper proposes a discrete capacitated covierdagjon-allocation model for
pharmaceutical centers. In the presented model,olvyectives are considered,;
the first one is the minimization of costs and seeond one tries to maximize
customer satisfaction by definition of social justi Social justice in the model
means that we consider customers satisfaction iog ukistance. The introduced
model is an extension of the maximum covering mbgeddding zone constraint.
Actually, the distance between facility and custommene is used to define the
possible and not possible location. The model tiiekocate facilities in a best
and possible location. In addition, number of missestomers is important and
the model considers this issue. Since the naturdhedfdemand is uncertain, a
robust approach is proposed. The proposed modslitable for perishable
products. A numerical example presents the perfocmaf the proposed model.
Keywords. Pharmaceutical centers, covering location-allocagicoblem, robust
approach

1- Introduction

The main objective of a location-allocation (Lgfoblem is to locate a set of new facilities stledt to
minimize the transportation cost from these fdeditto customers. An optimal number of facilitiee a
placed in an area of interest in order to satiséycustomer demand. The covering problem locates a
of new facilities such that the customers can kectie suitable service from facilities that thdistance
to the customer is equal or less than a predefinedber.

The global presence of the pharmaceutical imgustevident with the roll out of continent spécif
R&D programs and drugs, which help companies, medmenetration of markets and garner increased
revenues with intercontinental treatment demangbaifents receiving services from often one or two
mega research centers in the continent. Led byethmarkets, the total world consumption of
pharmaceutical products has displayed strong gramth is expected to grow further with expanding
populations in emerging markets. Aging populationtronic/lifestyle diseases, emerging-market
expansion, treatment and technology advances gpwciences sector growth in 2015. However, effort
by governments, health care providers, and hedlinspto reduce costs, improve outcomes, and
demonstrate value is dramatically altering the theesdre demand and delivery landscape. It is bawpmi
increasingly evident that the global life sciensestor is operating in an era of significant transfation.
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A dynamically changing clinical, regulatory, andisiness landscape require that pharmaceutical,
biotechnology, and medical technology companieptattaditional research and development (R&D),
pricing, supply chain, and commercial models to:

» Support value-based payments — many countrieficpabd private health care systems are moving
from volume-based to value-based payment models.

» Contain costs — Governments and other payermatituting price controls and increasing their o§e
generics and bio-similar to contain drug and devizsts.

* Maintain regulatory compliance — a growing list regulatory requirements and expectations are
imposing new challenges on the sector.

» Focus on emerging markets — slowing revenue drawteveloped countries is prompting entry and

expansion in new, up-and-coming markets.

Perishable products are another critical issupharmaceutical and drug supply chains. In 2008, t
estimated in curried costs due to the expiratiobrahded products in supermarkets and drugstores wa
over 500 million dollar

The pharmaceutical industry is a complex ofcpeses, operations and organizations involvedén th
research, development and manufacturing of drugk raedications. The World Health Organization
(WHO) defines a drug or pharmaceutical preparadisn
“Any substance or mixture of substances manufadfigeld, offered for sale or represented for ushen
diagnosis, Treatment, mitigation or prevention dfedse, abnormal physical state or the symptoms
thereof in man or animal; [and for use in] restgrinorrecting or modifying organic functions in man
animal.”

Many papers and researches aimed pharmaceinticetry and pharmaceutical supply chains. Most of
the existing papers are on the subject of drug Igugpain. Subjects like location of drugstores and
allocation of customers to drugstores have noaetd high attentions. since subject of locatiod an
allocation of pharmaceutical centers have a higbach on quality of life, considering this issue dan
very impressive.

Pitta and Laric (2004) presented a model otadth care value and supply chain. This suppiyjrcis
not linear or sequential in nature. It closely e the follow of information through the system.
Fleischhacker and zhao (2011) examined the optidralsion of production lot size for clinical trial
supply chain. They generalized the Wagner-Wittenleh@WW-W model) to incorporate the risk of failure.
Jetlyet al.(2012) developed a multi-agent simulation modelgharmaceutical supply chains. Masoumi
et al.(2012) construct a generalized network oligopolydetowith arc multipliers for supply chain of
pharmaceutical products using inequality variatilleory. The numerical examples demonstrate that a
brand pharmaceutical product may lose its domimadeket share as a consequence of patent rights
expiration and because of generic competition. GChteal. (2012) improved management of clinical
supply chain. A simulation-optimization approastpresented including patient demand simulation and
demand scenario forecast. Kefteal. (2012) focused on pharmacy supply chain and cumamagerial
practices in a case of hospital, examined the aftanilicting goals in decision making amongst the
various stakeholders and explore the manageridtfs presents at the operational, tactical aradeggic
level of decision-making. Costani al.(2013) addressed the optimal design of the lasplgughain
branch i.e. the distribution network, starting fromanufactures to the retailers and to show the
effectiveness of method, the optimization modedpglied to a case study describing an Italian regio
health care drug distribution network. Alnaji andlfia (2013) focused on the performance of supply
chain management in pharmaceutical industry. Gestedl.(2013) presented a model for optimization of
logistics’ operation in emergency health care systeThey focused on efficient distribution of vams
or drugs through the simultaneous and coordinasedofi distribution center and vehicles. Spiliotdpau
et al. (2013) studied the tradeoff between risk of dregistance and operational costs when using
multiple drugs for specifics diseases. Uthayakumwad Priyan (2013) studied on understanding the
current operations of health care industries andffiering decision support tools that improve healt
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policy, public health, patient safety and strateggcision-making in pharmaceutical supply chain and
inventory management. Reinholdtal.(2014) developed a two stage stochastic modelgpa@tidecision

of market launch preparation. It trades off thetgas¥ accepting these risks, for example the risk o
packing before authorization, against the lost meeecaused by risk-averse operations. Mousazetdeh
al.(2015) developed a bi-objective mixed integer Impeogramming for pharmaceutical network. The
model helps to make several decisions about ttaegic issues such as opening of pharmaceutical
manufacturing centers and main/local distributienters along with optimal material flows over a mid
term planning horizon as the tactical decisions.

Tablel. Comparison between other works and this research

autho Approacl Objective
o or 3¢ COS Satisfactiol profit  Missed uncertait  certair
2 58 35 customer
O O 33 -
= 2 deman:  social
@ 85 justice
Fleischhacker and v ooV v
Zhao(2011)
Kelle(2012) v v v
Masoumi(2012) v v v
Chen et al(2012) v v v
Uthayakumar and ooV v
Priyan(2013)
Spiliotopoulou(201 v Vv
3)
Costantino et v ooV v
al(2013)
Ceselli et al(2014) v v v
Hansen and ooV Vv
Grunow(2014)
Mousazadeh et v v v v
al(2015)
This paper v v v v v v

According to Table 1, the main differences bemvehe present research compared with other werks
using covering location model on pharmaceuticaltersn considering missed customers and the new
definition of social justice as the objective fupat Social justice in the model means that we iclems
customers satisfaction by using distance. Thedegance between facility and customer causes la hig
degree of customer’s satisfaction. In addition, rit@del can be used in hospital drugstores and rente
that present perishable goods with limited shéf li

The reminder of the paper is organized as falgwoblem definition and mathematical formulation
followed by linearization of developed model antlust probabilistic approach are presented in se&io
In addition, e — constraint method is utilized in section 2. Validation of {iposed model with a
numerical example and sensitivity analysis are sttbiw section 3. Finally, Sectigldraws the
conclusions and future works.

2- Problem definition and Mathematical models
The concerned model is a multi-product, mudtiipd one and includes distribution centers aneisgyv
facility center (pharmacies) and customer zoneréfoee, we have main DCs that are located in afixe
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location. For the location of the facility, manytential locations are available. The model mustngef
the best location for each facility to ensure dedsarsatisfaction. The model has two main objective
functions, first one try to minimize the costs. Gosonsist of fixed cost, transportation cost, imeey-
holding cost andost of losing customer&ixed costs include investments on facilitiesstarction’s and
changing the place of facilities.

For second objective function, the model triesntaximize customer’s satisfaction. The distance
between facility and customer zone is categorizelest, possible and not possible location as sliwwn
Figure 1. If the distance between customer and litfaci is smaller than
rj}(, relative distance is set to 1, if it is greatmrtrﬁc, relative distance is set to 0 and so if it isnssn

rj}( andrﬁ(, relative distance is set between 0 and 1. Therefbe model tries to locate facilities in the
best and possible location to maximize customatsfction. According to the definition of covegin
problem and according to our definition of two-it(:riinumbersrjlk andrjzk, if the distance between

facilities and customer zone is less tlrlﬁ(nit is possible to locate the facility.

ZZjk

T

Best

1

0 » Distance
r r?
jk jk

Figure l1.distance covering

One of he decision variables of the model is the amourdrafs transported from DCs to facilities
and from facilities to customer zone. In additidme location of facilities are another decisioniakble.
The missed customers are the customers with uliddlflemand. We consider a penalty cost for missed
customer and try to minimize the number of missggtamers.

Drugs have two types: specific type and comnype.t Specific drugs are drugs that their mainte@anc
requirements’ are different from common one andr tteeind up cost is higher than common drugs.

2-1- Modd formulation
Considerte following notations:

indices
i Index of distribution cente
Ji Index of candidarfacility location
k Index of customer zone
t Index of period
c Index of drug’ type

parameters
fi Fixed costs of opening faciliin candidate locatior
€O jt Unit transportation cost of drugs from D@o facility j at periodt
aj k¢ Unit transportation cost of drugs from faciljtyo customer zonk at periodt
Hjkee Unit storage cost in facility at periodtfor typec
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Witc
m]'t
e
€ic
d]-k
demy,
pcosty,
Tik
2
Tik
P
variables
Xjktc
Xijtc
missedy,

risky
Zj
NVjec
Zij

ujk
1
YVik

2
YVik

3
YVik

Unit waste cost in facilityat periodt for typec
Percentage of drugs expired in facilitst periodt

Storage capacity of inventory at faciljtyfor typec
Storage capacity of inventory at Ofor typec

Distance between facility at locatigrand customer zore
Demand of customer zomdor typec

Cost of losing customers for facilifjyand customer zore
Best distance for facility and customer zone

Possible distance for facilifyand customer zore

Number of facilitie

Quantity of drugs transferred from facilifyo customer zonkat periodtfor typec
Quantity of drugs transferred from O@o facility j at periodtfor typec

Number of missed customer at customer zdnfor type ¢ and by division of
risk,. ondem,

Number of unsatisfied demands for customer Zared drug type

1 if facility at candidate locatiof is open and 0 other wise

Inventory level of drugs for facilityat periodtfor typec

1 if relative distance is best, between 0 and 1 iathee distance is possible and
otherwise.

1 if distance utility is best, between 0 and ligtance utility ispossible and 0 otherwit

1 If distance between facility j and customer kis less than
r1; and 0 otherwise.

1 If distance between facility j and customer  kis between
Tl andr2;, and O otherwise.

1 If distance between facility j and customer kis greater than
r2j, and 0 otherwise.

The proposed model is as follows:

o 1
minz; = Zf} X Zj + Z xijtc X Coijt + Z ajktc X d]k X xjktc + Z W] X mjt ( )
j

i,jt,c Jktc jt

. . ri kkc
X (Z MVjee) + Z hjte X invjee + Z P ) X pcosty,
pr Mg

jtc kc
max Uje X demy (2)
j.k.c
Z Z=p 3)
J
Z xjktc < ejc X Z] V], t,c (4)

k
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Z Xjkte + Tisky, = demy,. Vk,t,c (5)
j

ZXijtc <e. Vitc (6)
Jj

Xith SZ] X €c Vi,j,t,c (7)
nvji_qc+ Z Xijte < Zj Xej. Vjit,c (8)

i
‘ ‘ ©)
lnvjtc = (1 — mj,t_l) X lnvj,t_l'c + Z Xith - Z lektC
i K

dig =1, —Mx(1—y4) <0 (10)
dj — (rif +0.01) x (1 —y}) =0 (11)
dje + (M —73)(1 =y ) < M (12)
djx — (1% +0.01) x (1 — y3) =12 + 0.01 (13)
y}k + yj2k + y]?’k =1 (14)
ZZjp % (1 = %) = (5 = djnc) X Vi + i % (% = %) (15)
Ujk = ZZ]k X Z] (16)
yjlk' yjzk' ngkizj € {0'1} (17)
Ui, ZZj, € [0,1] (18)
Xjktcs Xijec) Missedye, TiSKyc, MOjjrc = 0 (19)

Objective function (1) consists of fixed costsnsportation costs, inventory-holding costs and cisgt
based on missed customer. The second objectivéidan@) tries to maximize customer’s satisfactinn
choosing the best facility for each customer zémspend less time and distance to receive services
Constraint (3) guarantees that there are alwafgilities at work. Constraint (4) ensures thaauwfity of
drugs that customers can receive from every fgdsitless than the capacity of that facility if ilag is
open. Constraint (5) shows that the demand of met@one must be satisfied. Constraints (6) and (7)
ensure that the storage capacity in every disidhutenter must be satisfied. It means that thetifyaof
drugs transported from distribution center to facils less than storage capacity of that distidrut
center. Constraint (8) guarantees that the totalbaur of drugs transported to each facility is libss the
capacity of the facility. Constraint (9) is the @mtory balance equation for each type of drugsaehe
period.

Constraints (10) and (11) ensure that if the distdpetween facility and customer zone is less tﬁan

then yjlk is equal to 1 and 0 otherwise. Constraints (12) @B) ensure that if the distance between
facility and customer zone is greater thﬁp thenyfk is equal to 1 and 0 otherwise. Constraint (14)
guarantees that only one yf, ,yj, or yjis equal to 1. Constraints (15), (16) show the ritédin of
Ujk,ZZjj,. Constraints (17),(18),(19) are about the dewisariables.
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2-2- Linearization of the proposed model
Since the constraint (16) is non-linear, the lineaunterpart of the proposed model is as follos (
Paul Williams,2014

U <M X Z; (20)
Uik < ZZj, (21)
ZZj — Up < M(1-Z;) (22)

2-3- Robust approach

Mathematical programming models with noisy, errareeor incomplete data are common in operation
research applications. Difficulties with such tygfedata are typically dealt by sensitivity analysisough
stochastic programming. Since finding real paramsdatepharmaceuticals industry is very difficulsing
stochastic programming is hard. Therefore, thisepapes robust optimization method.

Robust optimization, first introduced by Mulvetyal. (1995), is an effective tool for optimal desigrda
management of supply chains in uncertain environsnd®obust optimization tackles the preferred risk
aversion or service-level function through expmegshe values of critical input data in a set @rerios.
The approach would then result in a series of Eplatthat are progressively less sensitive to zatdins
of data from a scenario set.

According to nature of some critical parametedenfand), we formulate these parameters as
probabilistic data in form of Mulvey approach abidas:

Parameters
demy, ¢ Demand of customer zone (k) for drug txc by scenario (
Ds probabilty of scenario (¢
A Variability weigh
w Risk aversion weig! (penalty weight
Variables
Xjktc Quantity of drug that facility at periodt for drug typec provide for scenarie
O Control variabl
O Error vector for the allowed infeasibility in thertrol constraints under scenasio
zl Value of first objective under scenasio
riskycs Number of unsatisfied demands for customer Zaared drug type under scenarie
z2 Value of second objective under scenario

missedq. Number of missed customers in customer Zoiff@r typec under scenarie
By using notations, the robust model is as follows.

(23)
minzpsxzsl'i')‘prsx[Z;_EPSXZS%'FZ@S +wx2psx65
N N N S
(24)
maprSXZSZ—AXZpSX zsz—zpsxzsz+295 —wapsxds
S ) ) ’ 25
ZXjktCS S ejC X Z] v_]l tlc ( )
K
(26)

Z Xljgtes + Tiskyes + 65 = demys  Vk,t,c
j
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27
Zis = Z Xijtc X COjjt + Z Ajgtc X d]k X Xjktcs + Z Wj X mjy¢ ( )

i,jtc Jjktc jt
X (Z NVjee) + Z hjte X invje + Z riskycs X pcosty. Vs
c=1 jtc kc
Zye = Z Ujx X demyes Vs (2¢)
Jj.kc
ZlS—ZpSXZ51+BSZO Vs (29)
S
ZZS—ZpSXZSZ+BSZO Vs (30)
N
05, 85, Xjctcs Tiskyes = 0 (31)

In the above-mentioned model, the first and sdderm of objective function (23) are mean valod a
variance of the total cost, respectively, and ainmeasure solution robustness. The third term &) (2
measures the model’s robustness with respect ¢asitfility of the control constraint. Second olijext
function (24) also changes to robust form anddrgnaximize customer satisfaction with scenario Base
Constraints (3), (6)-(8), (10)-(15), (17), (19) af2®d)-(22) are same.Constraints (27), (28), (2%) @0)
define the variables. Constraints (27) and (28)ampobjective functions of first model with sceiwar
based.

2-4- "g — constraint" method

The proposed model has two objectives and isulii-objective one. One method to solve this is
€ — constraint method. As indicated by the most widely acceptiedsification, the Multi-Objective
Mathematical Programming (MOMP) methods can besifiag as a priori, interactive and a posteriori,
according to the decision stage in which the degisiaker expresses her/his preferences. Althowgh th
priori methods are the most popular, the interaciwd the a posteriori methods convey much more
information to the decision maker. Especially, pdsti (or generation) methods give the whole pietu
(i.e. the Pareto set) to the decision maker, bdier¢his final choice, reinforcing thus, her/hisiidence
to the final decision.

This multi-objective method is a posteriori @ngration method (Ehrgott, 2005). By using thishodt
a good approximation of the Pareto optimal solioauld be achieved, which facilitates the proadss
decision making when facing multi-objective probtenfor this purpose, the model optimizes each
objective function separately to find two extreeafiicient points of the Pareto frontier. Then,dhjfting
one of the objective functions to the constraintasel relaxing the value of right hand sidepérameter)
step-by-step, the method obtains other Pareto apsolutions. It is clear that by implying smallaciges
on the right hand side value; much more Paretonmbtisolutions is obtained while the required
computational time will increase.

3- Implementation and evaluation
In this section, performance and usefulneshefproposed model is presented via numerical
examples.

3-1- numerical examples

In this section, a numerical example shows theihtced model. Suppose we want to locate 7 fagilitie
like drugstores in a region including 12 zones f@mers). Demand of each customer zone is shown in
Table 2, distance between facilities and custornae and capacity of each facility are shown in €&l
We consider 3scenarios with their occurrence pritibab in Table 4.
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Table 2.demand of each customer zone

Scenario 1 Scenario 2 Scenario 3
customer Type 1 Type 2 Type 1 Type 2 Type 1 Type P
1 45 22 26 13 10 8
2 10 37 16 21 6 25
3 38 17 42 16 27 19
4 23 21 24 11 18 34
5 30 45 14 22 16 28
6 25 34 15 34 18 21
7 15 36 29 33 4 17
8 28 42 22 16 38
9 16 21 14 23 26 19
10 32 10 31 22 21 11
11 24 28 40 19 23 38
12 41 16 26 19 32 24
Table 3. Distance between facilities and customer zonecapdcity of facilities
Distance to Customer capacity
facility 1 2 3 4 5 6 7 8] 9of 10 11] 13 Typell Typel2
1 11 11 15 19 25 22 37 29 40 33 51 ®5 95 74
2 30 21 19 37 10 21 22 41 47 43 14 25 94 127
3 7 14 22 35 7 39 29 17 10 48 15 43 181 141
4 57 54 41 40 25 38 25 21 18 59 20 D 141 268
5 33 20 38 47 12 55 29 14 31 42 21 14 126 136
6 19| 30| 16 12 27| 31 45 28 39 41 50 34 127 171
7 8 11 | 25 16 34| 48 20 39 13 6 36 32 63 19p

Table 4.probabilities of scenarios

scenario probabilities
1 0.25
2 0.25
3 0.5
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Following the procedure &f— constraint method, the proposed model is solved separatelggoh
objective function, which gives two extreme points. (367.1791, 2162711.167), and (388.15833,

2162502.167)

2162750
2162700
2162650
2162600

2162550

first objective function value

2162500

2162450
365 370 375 380 385 390

second objective function value

Figure 2.pareto front found by — constraint method

By transforming the second objective function tmastraint, the model is solved as regarding tisé fi
objective function as the single objective. FigRrehows the pareto front found by- constraint
method. Finally, the model is solved and 3 faed are selected to locate= z, = z; = 1.00.Table 5,
shows risk variable value and Table 6 shayysalues.

Table 5. Riskys Values

S 1 2 3
K c=1 C=2 c=1 Cc=2 c=1 Cc=2
1 6.000 _ _ _ _ _
2 _ _ _ _ _ _
3 _ _ _ _ _ _
4 _ _ 10.000 _ _ _
S _ _ _ _ _ _
6 23.000 | 11.000] 15.00( _ _ _
7 _ _ 18.000 _ _ _
8 28.000 | 32.000 4,000 _ _ 8.00
9 16.000 | 21.000 _ _ _ _
10 32.000 | 10.000] 31.00( _ _ 11.04o
11
12 41.000| 16.000] 26.00( _ 26.000  24.0p0
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Table 6.Uj, Values

K 1 2 3 4 5 6 7 8 9 10 11 12
J

1 1.000 | 1.000f 1.000 1.00p0 1.000 1.0p0O 0.200 0.F33 _0.467 _ _
2 0.667 | 1.000, 1.000 0.20p 1.000 1.0p0 1.000 N | _ .0001| 1.000
3 1.000 _ 1.000 0.333 1.000 0.067 0.733 1.000 1,000_ 1.000 _
4 _ _ _ _ _ _ _ _ _ _ _ _
5 _ _ _ _ _ _ _ _ _ _ _ _
6 _ _ _ _ _ _ _ _ _ _ _ _
7 _ _ _ _ _ _ _ _ _ _ _ _

According to Table 6, facilities opened at candidedcationj = 1,2,3 so u;.at j = 4,5,6,7 are not

covered.

3-2- Senditivity analysis

In this section, to validate the proposed mdaelconducting sensitivity analysis on some
critical parameters like probability of scenarigsshown in Table 7, best and possible distance
between facilities and customer zone is shown iblef'& and Figure 3, change in capacity of

facilities are reported in Figure 4.

Table 7. Sensitivity analysis on probability of scenarios

Ps
s=1 s=2 s=3 ZF
0.15 0.15 0.7 1649897.821
0.25 0.25 0.5 2162502.167
0.35 0.35 0.3 2347844

According to Table 7, under constant value ofd¢heconstraintmethod,any decrease in scenario 3 will

incur more costs in the model.

Table 8. Effect of distance between facilities and cust@ta®ne on objective function

Tk Tk ZF

15 50 2162331.227
20 45 2162685.234
25 40 2162502.167
30 40 2164098.209
35 45 2168488.709
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x 108

total cost

Figure3. Effect of distance between facilities and cust@reeme on objective function(total cost)

Considering reported results in Table 8 and fei@) any increase in constant value of best distad
possible distant, will decrease our objective fiomct The reason for this fact is that the number of
facilities that can be in the best and possibléadisincrease and so the model can easily chose the
facilities that have fewer costs and less totatscoBherefore, the objective function will decreake

other way, any decrease in interval betngygandq%(will increase our costs because the selected number

of facilities decreases and facilities with higlmists must be selected. Figure 4 shows the setysitiv
analysis results on change of capacity. By increptlie capacity of each facility, the total coststlze
main objective reduces. Increasing the capacity reaylt more demand, so the risk of missing custome
reduces. By decreasing the number of missing cuetmmve will have fewer costs.

2350000 2337339
2330000

2310000

2290000

2270000

2250000

2230000

2210000 2194222

2190000 2174942

objective function

2170000 . 2165923 2162502 2162331
5150000 N [ | [ |
-50% -30% -20% -10% 0% 20%
changing capacity of facilities

Figure4. Change in capacity of facilities vs. costs as dije
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4- Conclusion

This paper proposes a multi-objective multi pemaiged integer covering location-allocation model fo
pharmaceutical centers. The model helps to makerakdecisions about strategic issues such asrmgeni
drugstore (called facility) to optimize the flow ofaterial and make it easy the accessibility otausrs
to facilities. In addition, the model can solve f®blems of other industries that have limitatadrout
their products (such as perishable foods or otkeslpable products). The presented model’'s advantag
over the traditional covering location problemghs maximization of social justice and minimizatiai
missed customers. Since the problem deal with tizertainty in demands, a robust approach is applied
In addition, the performance of the proposed model some numerical examples are considered.
Finally, a multi-objective decision making (MODM) techniques, the e-constraint method, is applied
to find pareto solution and help us to sensitivity analysis of the model. As a result, the model shows
that any increase in constant value of the best distadtpossible distant, will decrease our objective
function or by increasing the capacity of eachlitycithe total costs is reduceBroviding a heuristic
method for large-scale instances and using the hiodgheruncertainty programming methods like
fuzzy, stochastic programming and other robust approach can make the model more complex.
Furthermore, for more future research issues, using the definition of social justice in other location
problems, considering competition for pharmaceutical centers and using dynamic competition, static
competition or competition with foresightnd extending the model to address the location of
distribution centers are researches that may need future investigations.
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