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ABSTRACT

Inrecentyears,thehealthsectorhasfacedincreasinglyimportantchallenges.Duetotheeconomiccrisis
andcompetitions,hospitalsarefacingmanyissuesaffectingthesupplychain,suchasbudgetcutsorlack
thereofaswellasinsufficienthumanresources.Althoughessentialforanexcellentservice,logisticstake
upaconsiderablepartofthebudgetaschallengesneedtobeaddressedsuchasdelaysindrugsdelivery,
transportationandstorageconditions,routingandscheduling.Astogovernance,eachhospitalisassigned
toaspecificregion,whichcannotbedefinedduetopolitical,demographic,orgeographicissues.This
paperfocusesonmulti-depotvehicleroutingproblem(MDVRP)inhealthcarelogisticstofeedthehospital
pharmacies.TheideaistoapplyMDVRP’sapproachtothehealthsector,specificallyhospitalpharmacies.
Inthisprojection,hospitalsareconsideredtopresentclients,andcentralpharmaciespresentdeposits.This
problem(theMDVRP)isknownbythisnatureNP-hard.Forthat,theheuristicmethodwasusedasgenetic
algorithmtosolvetheproblem.Thepaperisorganizedasfollows,thefirstsectiondiscusses,compares,
andproposesclusteringmethodsforhealthcarefacilitieswithapplyingthemonMoroccanhospitalscase;
thesecondsectionproposesageneticalgorithmtoresolvetheMDVRPwithasimulation.
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Drugs Delivery, Genetic Algorithm, Hospital Clustering, Hospital Logistics, MDVRP, Pharmacy Clustering, 
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1. INTRODUCTION

Availabilityofmedicinesinhospitalpharmacyisimportantasfarasprovidingagoodqualityof
servicewhichledtothereductionofmortalityandpatient’ssatisfaction.Besides,agoodpulling
drugssystemleadtoreducedstorageandlogisticscost.Therefore,theauthoritycontrolthedrugs
quantityandMedicalequipmentdelivered.
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Tosolvetheproblemsoflatedeliveryandtoensurequalitytransport,hospitalpharmaciesare
suppliedbycentralorprovincialpharmaciesthatmustdeliverdrugsandequipmentsbyvehicles.
Furthermore,theavailabilityofcentralpharmaciescansolveotherproblemssuchasthereduceof
overstockedandexpireddrugs,etc...

Methodstoclusteringpopulationandhospital,willbediscussedinthispaperonthefirstsection
basedonbeddemand,withcomparisonbetweenK-means,weightedkmeans,andDensity-based
spatialclusteringofapplicationswithnoisealgorithms,withapplicationinaMoroccancase.The
secondsection,projecttheMDVRPtohealthcarelogisticsmakingthehospitalsascustomersand
centralizedpharmaciesasadepot,withanimplementationofGAtoresolvetheNP-Hardnatureof
theproblem.

MinistryofthehealthofMoroccohaspresentedseveralrecommendationsinsectorstrategy
(Stratégie Sectorielle 2012-2016, n.d.), including the creation of new pharmacies of storage as
regionalandprovincialpharmacies,actN°147.Inourworkweproposeasolutiontoimprovethe
creation of new centralized pharmacies (CS) and determine the methodology of the delivery of
drugstohospitals,byclusteringregionswhowillbeservedbyaregionalpharmaciesasafirststep,
basedonPerformanceindicatorssharedbythesameministry(SanteenChiffres,2015).thesecond
stepistoprojecttheMDVRPproblemtoalogisticchainofhealthcarebymakingthehospitalasa
customerandCSasadepot.

2. LITeRATURe ReVIeW

Clusteringhasbeenusedtosolveproblemsindiversefieldssuchasbioinformatics,anddatamining.
WilliamThomashascontributedinclusteringhospitalwithclusteringcommunitiesandhospitals
simultaneously,whichledtoageographicallyconnectedareaofpopulationsservedbyacommon
cluster of hospitals(Griffith, 1972; Thomas, 1979; Thomas et al., 1981), the approach has been
appliedbyStateofMichigan.Z.Obradovic(Albarakati&Obradovic,2017)proposedanapproach
basedondisease-specifichospitalnetworkswithconsideringsimilarityamongsymptoms.k-mean
isamongthemostpopularclusteringalgorithms(Jain,2013),K-meansisanunsupervisedalgorithm
fornon-hierarchicalclustering,makingitpossibletogroupinKdistinctclusterstheobservationsof
thedataset.Thus,similardatawillbeinthesamecluster.PaulL(Delamateretal.,2013)audited
similarityingeographiclocationandpatientutilizationtocreatehealthcarefacilitiesclustersbyusing
k-meansclustering.RuthLavergneM(Lavergne,2016)usedclusteranalysistogrouphealthcare
facilitiesbasedonthedistributionofhealthcarespendingacrossservicecategorieswithk-meansas
aclusteringtechnique.Ontheotherhand,XiuguoChen(Chenetal.,2009)usedWeightedk-Means
AlgorithmtoclusterText,DrissandAbdellah(Serrou&Abouabdellah,2016)showedthatinthe
caseofcentralizedpharmacies,thecostoftransportisreduced,whichmakesthelogisticschainless
expensive.Manystudieshavebeenproposedtosolvetheroutingandschedulingproblem,in1995
SumarchrastandMarkham(Nikbakhsh&Zegordi,2010)introducedtheMDVRP.WilliamHo(Ho
etal.,2008)proposedtwosolutionsfortheMDVRPproblembasedonGeneticalgorithm.Laporte,G
(Laporteetal.,1988)andLenstra,J.K(Lenstra&RinnooyKan,1975)triedtosolvetheproblemwith
exactmethods,howeverCrevierB(Crevieretal.,2007)demonstratedthatthebothtechniquesarenot
effective.NecatiAraet.al(Arasetal.,2011)SolvedforPricedMDVRP,theyproposetwomethods:
heuristicmethodtosolvetheMDVRP,andamixedintegerlinearprogramming,andconcludethat
heuristicsgivebetterresults.DamonGulczynski(Gulczynski,2010)solvedtheMDVRPwithseparate
deliverybyaheuristicbasedonintegerprogramming.

3. ReGIONAL CLUSTeRING BASeD ON PeRFORMANCe INDICATORS

Manyapproacheshaveproposedtoclusterhospitals(Thomas,1979;Thomasetal.,1981).Inourwork,
weproposeclusteringbyPerformanceindicatorslinkedtoregionsinsteadofhospitals,becausethe
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creationofcentralizedpharmaciesisforthepurposeofservingahospitalpharmacyindetermined
regionsandalsothedataisgroupedbyregions,thePerformanceindicatorsinourcaseareHospital
BedCapacity(HBC)byregion(Table1).

3.1 Clustering Using K-Means
K-means is an unsupervised algorithm, making it possible to group in K distinct clusters the
observationsofthedataset.Thus,similardatawillbeinthesamecluster.Moreover,anobservation
canonlybefoundinoneclusteratatime(exclusivityofbelonging).Thesameobservation,therefore,
cannotbelongtotwodifferentclusters.

Wepresenteachcenterofregioncharacterizedbylatitudeandlongitudeaspoint.
Asresultfor3clusters,afavoringresultforcluster1withtotalof15192HBCandlessthanthe

halfforcluster2with6195HBC,forcluster3theHBCisminim(Table2).

Table 1. The HBC by region in morocco for 2015

Region Central Location (lat,lng) HBC

OuedEd-Dahab-Lagouira (22.733,-14,286) 53

Laâyoune-Boujdour-SakiaElHamra (25.443-13,174) 313

Guelmim-EsSemara (28.708-9,545) 322

Souss-Massa-Draa (31.120,-6,067 2199

Gharb-Chrarda-BeniHssen (34.543,-5,898) 757

Chaouia-Ouardigha (33.047,-7,265) 1343

Marrakesh-Tensift-ElHaouz (31.562,-7,959) 2347

GrandCasablanca (33.520,-7,568) 1826

Rabat-Sale-Zemmour-Zaer (33.817,-6,237) 2884

Doukkala-Abda (32.599,-8,660) 2872

Tadla-Azilal (32.004,-6,578) 964

Meknes-Tafilalet (31.905,-4,727) 663

Fes-Boulemane (33.187,-4,233) 1474

Taza-AlHoceima-Taounate (34.258,-4,233) 1506

Tangier-Tetouan (35.262,-5,561) 813

Oriental (33.419,-2,145) 1739

Table 2. Distribution by clusters for each region using k-means with 3 clusters

Cluster Region HBC

Cluster1 Souss-Massa-Draa/Gharb-Chrarda-BeniHssen/Chaouia-Ouardigha/
Marrakesh-Tensift-ElHaouz/GrandCasablanca/Rabat-Sale-Zemmour-Zaer/
Doukkala-Abda/Tadla-Azilal

15192

Cluster2 Meknes-Tafilalet/Fes-Boulemane/Taza-AlHoceima-Taounate/Tangier-Tetouan/
Oriental

6195

Cluster3 OuedEd-Dahab-Lagouira/Laâyoune-Boujdour-SakiaElHamra/Guelmim… 688
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3.2 Clustering With Weighted k-Means
k-meansalgorithmgroupsdatabyassigningallpointstothenearestclusters,anddeterminingthe
clustermeans.Thealgorithmrepeatspreviousstepsuntilpointsassemble.weightedk-meanscalculates
automatically the featureweights inacluster,adopting the idea thata featurecanhavedifferent
degreesofrelevancefromothers(Figure1).

ThedistanceparametercanbeasEuclideandistance.yet,asweareusinggeographiccoordinate,
thecorrectdistanceisHaversinedistanceorHaversineformula.

The Haversine formula makes it possible to determine the distance of a giving great-circle
distancesbetweentwopointsofasphere,fromtheirlongitudesandlatitudes.

Weightedk-meanspresentmoresuitableresultsincomparisonwithk-meansTheHBCineach
clusterisequitable,exceptforthesouthregionsbecausethepointsthatrepresentthesouthregionsare
farfromotherpoints,whichisacceptable,becausetheintegrationoftheseregionswithotherregions
willincreasethedistanceofthedelivery,therefore,thecostsofthetransportwillincrease(Table3).

4. VeHICLe ROUTING WITH SeVeRAL CeNTRALIZeD PHARMACIeS

Oneoftoday’smostimportantchallengesoflogisticsisthedistributionofgoodsbesidesofrouting
path.Thecostisassociatedtothedistance,thatiswhywedidnotclusternorthregionswithother
regions.Costsinvestedfortransportationexceed50%ofthetotalcostofasupplychain(Santosoet
al.,2014)theobjectivethenistominimizethedistancetraveledbyagroupofvehiclesexposedto
differentrequirements.So,theaimistominimizethecostofcombinedroutesonaMulti-depotvehicle
routingproblem(MDVRP),however,MDVRPisanon-deterministicpolynomialtime(NP-Hard)for
decidingthecoursesofseveralvehiclesofseveraldepotstoagroupofcustomerssimultaneously,
andreturntothesamedepositwithoutsurpassingthecapacitylimitofeachvehicle.Wecangroup
theapproachestosolvetheVRPintotwodoctrines:Exactandheuristicsalgorithms.obviously,the

Figure 1. Difference between centroid position in normal and weighted case

Table 3. Results of weighted clustering with 3 clusters

Cluster Region HBC

Cluster1 Souss-Massa-Draa/Chaouia-Ouardigha/Marrakesh-Tensift-ElHaouz/GrandCasablanca/
Doukkala-Abda/Tadla-Azilal

11551

Cluster2 Rabat-Sale-Zemmour-Zaer/Gharb-Chrarda-BeniHssen/Meknes-Tafilalet/Fes-Boulemane/
Taza-AlHoceima-Taounate/Tangier-Tetouan/Oriental

9836

Cluster3 OuedEd-Dahab-Lagouira/Laâyoune-Boujdour-SakiaElHamra/Guelmim… 688
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MDVRPismorecomplexthanasimpleVRP.Consequently,proposinganoptimalsolutionforan
NP-hardproblemtakesalongtime,andmaybeimpossiblewithexactalgorithm.Laporte,G(Laporte
etal.,1988)andLenstra,J.K(Lenstra&RinnooyKan,1975)triedtosolvetheproblemwithexact
methods.HoweverCrevier,B(Crevieretal.,2007)demonstratedthatbothtechniquesarenoteffective.
NecatiAraet.al(Arasetal.,2011)SolvedforPricedMDVRP,whichthevehiclevisitsacustomer
only if it isprofitable, theypropose twomethods:heuristicmethod to solve theMDVRP,anda
mixedintegerlinearprogramming,andconcludethatheuristicsgivebetterresultsiItisnotrealistic
touseexactmethodstosolvelargeinstancesoftheproblem.Intelligentalgorithmismorewidely
applied,sothepropositionisGAasaheuristicalgorithmandoneofthemostpromisingintelligent
optimizationmethod.

Distributionlogisticsincorporatesallactivitiesrelatedtothesupplyoffinishedproductsand
merchandisetoacustomer.Thecentralpointofdistributionlogisticsisthetransportationofgoods
from themanufacturer to theconsumer. Inour case, themanufacturer are aCS, andconsumers
arehospitalspharmacies.RaffaeleI(Iannoneetal.,2014)approved thatadopting thecentralized
pharmacymodelpresentconsiderablebenefitsespeciallycostsaving.DrissandAbdellah(Serrou
&Abouabdellah,2016)showedthatthecostsofreturnofmedicationsarereducedinthecaseof
thecentralizedpharmacystructurebyimplementingthemethodologyon10Moroccanhospitals.
OurcontributionistoprojecttheMDVRPintopharmacieslogistics,withrepresentingcentralized
pharmacyasasingledepotandhospitalsasacustomer,someregionneedsmorethansingledepot.

4.1 Mathematical Formulation
WecancharacterizeourMDVRPmathematicallyasfollowing:

• G V E= ( ), isagraphwhereVisthesetofverticespartitionedintotwocollections.
• V V V v

h n
= { }1 2

, ,...., representthecollectionofhospital(orhospitals).
• V V V v

p N N n M
= { }+ + +1 2

, ,...., representthecollectionofcentralizedpharmacies.

E  set of edges connecting two points. A  cost matrix D D
ij

= ( )  is length of arc v v
i j
,( ) 

corresponding to distance) expecting D  symmetry, distance between set of three points satisfy
triangleinequality.EachdepotV V

n m d+ ∈ hasthesamemodel,based k
m

.Thenumberofvehicles
basedatadepot)isidenticalvehiclesandcapacityQ.Weconsiderthefollowing:Eachvehiclestarts
fromacentralizedpharmacy(CS),servicingasetofhospitals,andmustreturntothestartingCS,
everyhospitalisvisitedonlyoncebyavehicle.Totaldemandforeachroutedoesnotexceedthe
vehiclecapacityQ.VehiclecannotexceedthevehiclecapacityQ,thenumberprovidedbyCSis
limited.WhileCScannotserveanotherCS,themeanobjectiveforMDVRP,inthiscase,istolink
hospitalsintotheproperCSwithminimizationofanumberofresourcesanddistancetraveledby
vehicleacrossthenetwork.nhospitalsaregroupedinmclusters.thenumberofvehiclesbasedata
CSiskm.Kjisagroupofhospitallinkedtoavehicle.BasedonSurekhaP(Surekha&Sumathi,
2011),MDVRP formulation for findingxwhich is theminimizes canbedescribedas:decision
variablesXandY:

x hospitaljelse
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y CSmelse
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subjectto:
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x
ijqp
= ∨1 0  (7)

y
iqp
= ∨1 0  (8)

TheobjectivefunctionaccordingtoEquation(1)minimizesthetotaldeliverydistanceandcost
ofeachvehiclewithinaCS.(2)limitscapacityQofthevehicle,(3)indicatethehospitalsserved
byeveryvehiclemustnotovertakethenumberofhospitalaCScandeliverto.(4)showsthesum
ofthehospitalsservedbythewholerouteshouldbethesumofthehospitalsservedbyCSm.(5)
showseveryhospitalservedbyaCS.(6)guaranteethateveryhospitalmustbevisitedonlyonceby
avehicle.(7)(8)isthevaluesboundofthedecisionvariables.

4.2 Genetic Algorithm
GAisanoptimizationtechniquebasedonaparallelsearchwhichmakesitmoreefficientthanother
classicaloptimizationtechniquessuchasTabusearchmethodandsimulatedannealing.Theideaof
GAistoavoidgettingtrappedinalocaloptimumbygeneticoperators(crossover,mutation).GA
maintainapopulationofpossiblerandomsolutionrepresentingasachromosomewhocanevolveas
ageneration.Thechromosomesareevaluatedtofitness.Thebestfittingchromosomeshaveahigh
probabilitytobeselectedforgeneticoperationssuchascrossoverandmutationforthecreationof
thenextgeneration.GAisthemostwidelyclassofheuristicsmethodsusedasanapplicationtothe
MDVRPproblem,thatwhyGAhasreceivedgreatattentionfrommanyauthors.KarakaticS(Karakatič
&Podgorelec,2015)presentacomparativestudyofdifferentGAtypesappliedtoMDVRP.William
Ho(Hoetal.,2008)proposetwosolutionsfortheMDVRP,thefirstoneconsistonimplementationof
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theGAasforsolvingtheproblemandthesecondoneahybridmethodwithClarkeandWrightsaving
methodandnearestneighbor,andheprovedthatthelastmethodperformsbetterthanthefirstone:

• Initial Population:FirstchromosomesisformedbasedontheroutesCSandhospitals(first
section).Consideraninstancewith5hospitalsand0representCS.Ifthepathrepresentation
forthisinstanceis(02410350),FirstroutedepartsfromtheCS0andtravelsto(241)and
returntoCS.SecondrouteleavestheCS0,serves3,5andreturnsagain.

• Evaluation:Evaluateeachchromosomewithmeasuringthefitnessvalue,theoperationstartsin
everyCSsimultaneously,thatwhyit’snormalthatsomevehicleinthenetworkcanachievethe
objective(finishthedeliverytoallhospitals)whileotherscanachievethesameobjectivelater.

• Selection:Foreachgeneration,thebestchromosome(basedonfitnessvalue)isselectedand
reproductionforthenextgeneration,togeneratenewindividualsinthepopulationWillianHo
(Hoetal.,2008)useroulettewheelselectionoperation,whileothersusetournamentselection
(Surekha&Sumathi,2011).selectionstrategyisbasedonfitnessevaluation,chromosomewill
beselectedwithgeneratedprobability.

• Genetic Operations:ThemutationandcrossoverusedinGAasageneticoperation,bothmutation
andcrossoveraffecttheselectedchromosomeswithageneticoperationsrate.

• Crossover:Ombuki-Berman(Ombuki-Berman&Hanshar,2009)developeda techniquefor
crossoverbasedonBCRC-BestCostRouteCrossover-orientedtothevehicleroutingproblem
withtimewindows(VRPTW).TheclassicalordercrossoverisusedbyWilliamHo(Hoetal.,
2008) toperformcrossover intoMDVRP.Theaimis tocombine thegenetic informationof
exactlytwoparentstocreatenewinformation.

• Mutation:Consistsinswappingtwodistinctcustomersiandjrandomlyselected,thereismuch
propositionsofmutationmethods,wecangroupthemintotwoclasses,heuristicmutationand
inversionmutation.theeffectistoflipachromosomesubstringtocreateanoffspring,mutation
worksononlyonechromosome(Figure2).

Figure 2. Flowchart of GA implementation
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4.3 Simulation and Results
Forthesimulation,weusedalistofahospitalbyregionfromtheMoroccanadministrationOpen
Datawebsite,andweaddedarandomdemandofdrugstobeservedfortheCasablancaregion.Inthe
purposeofthissimulationweconsiderallofthefacilitieswillbeservedbythreeCS(Tables4-5).

ConsiderthreeCSwithcoordinate:CS1{33.58212,-7.6594},CS2{33.57125,-7.5813},CS3
{33.58200,-7.5289},Thecapacityofeachvehicleis50units,thepopulationsizeis10.

Table 4. List of healthcare facilities in Grand Casablanca region

Region id Hospital Coordinate (lat,lng) Drugs Unit

GrandCasablanca 1 Sekkat(Salam) 33.54631,-7.5884 30

GrandCasablanca 2 CentredeLéprologie 33.55384,-7.59255 40

GrandCasablanca 3 MohamedV 33.58945,-7.55146 10

GrandCasablanca 4 MedBouafi 33.55874,-7.60972 15

GrandCasablanca 5 BenM’sick 33.55225,-7.5782 22

GrandCasablanca 6 IbnRochd 33.58125,-7.61976 41

GrandCasablanca 7 MyYoussef 33.60274,-7.63226 13

GrandCasablanca 8 20Aout1953 33.57474,-7.6199 8

GrandCasablanca 9 Hôpitald’enfants 33.58088,-7.62111 21

GrandCasablanca 10 AlHassani 33.55849,-7.68736 26

GrandCasablanca 11 TitMellil 33.54937,-7.48586 50

GrandCasablanca 12 MyAbdellah 33.69778,-7.38551 14

GrandCasablanca 13 SidiOthmane 33.55804,-7.57312 7

GrandCasablanca 14 PrinceMyHassan 33.60457,-7.63394 13

GrandCasablanca 15 AlMansour 33.6078,-7.50362 30

Table 5. Results of simulation for first and last generation
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FirstsectionofGAistoinitializeinputs(CS,hospitals,capacity,dragusunits).Theresultshows
ingroupingsectionasetofhospitalslinkedtoacentralizedpharmacybasedondistance.Considering
theinitializationisschedulingoperation,whilethefirstendthelest(thousandth)generationisasetof
chromosomesrepresentingtheMDVRPentity(firstvisitedhospitaltothelast,with0representingthe
“backtocentralizedpharmacies”).Besideawellgrouping,theresultnotonlyshowsacombination
ofroutingandschedulingforeachcentralizedpharmacies,butalsoshowsanoptimizationofone
travelbacktothecentralizedpharmaciesatCS3wishleadtoreducethecostoftransportation.The
lastgeneration(thousandth)theroutingandschedulinghavebeenmutatedtoanewgenerationto
proposenewscheduling.

5. CONCLUSION AND FUTURe WORK

Forthefirsttimetoourknowledge,theMDVRPbesideclusteringforhospitalsareproposedand
studied.Withacomparisonofclusteringmethods, theweightedk-meansalgorithmsshowbetter
results,yet,thesimulationofclusteringwasappliedformoroccocasewhichmeanstheclustering
algorithmcanbearguableforothercasesoraregionwithuniquegeographicconstraints.

Thispaperfocusesonthehealthcaresector,however,theapproachcanbeappliedinagricultural
andfood-processinglogistics.

It should be noted that the model can be improved by considering nature of transportation
(forward/reverselogisticmodelincaseofmedicamentreturn)andconditionsoftransportationsuch
ashumidity,temperature,andventilation.andalsobyprovidingareliabletrackingplatform.
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