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Résumé

Les travaux présentés danscoeveatldeanes de cadre des méthodes
des populatlilshssenetaudier les capacités et modéksaculetipnobler
(blessdfimjstrés, enfants, peredodasnsagé@essituation de crise (a
terrcities, catlhssropturelleet edttcveldppeméthodes d aide a la dé
tout emoposant une meilleure pdasifitapgtomadixcvaduodes
populasiden kone de cerseles centres hospitaliers

L optimalstéreprésentreeapaurr maximusamitmisant une ffouncteéon
fonction objexuivendtéeoé@oouparfdisnction économique

On se trouve donc cflacieh@gisriegpa&rticulb»gualébute par la demande
d approvisionnkédceéatgar lesezom état de etaibreessée aux zones
fournissetrgui se teramiha réception eé¢ deppooyeemarsdpour
satisfaire cette demande

Notre approehgidéere le problémechammgiathigue dans laquelle n
avonglusieuwrsnesfournisseets plusieurs «zt@meinalef@ns cette

approclleebut fondamentakksttdaspaort desebiene ¢plusieurs zones
fournisseurseverplusieurs roimasesegéographiquement séparées

Notre trzwaidiste a résoudre le probtemel ddae@acdasipones de cri:
avec wmoaivelle vision gu cptmister le temps de transport en le
minimum et par conséguenmaxsaueerpersonnes touchées par cet
dune facon dynefriicgpedeerapide pour nmanpmiserhumaine.

Pour achevertceigrablemes se présentent

Probléemdedtaftiomessouramb ularedesentres hok(putalibassés.
Probléme d ordonnancement.
Problémegakecitmaximale a respecter

Nous proposons deux approcaets deairpecmetd numériguement
probleame

La premiére apumpocdseedous les bdessé&dspersés dahscptusnsurs
géographiguementcempagéxr st phsatéadqarmrsde Paris en 2015.

La deuxieme appppahie les bdessmayroupés damsadanst chacune
possédanidegré d'urg@roé dieff'aatre c®toales blessés appartenal
a une méme mzichrésianmhéme destl@ankeur zoamtieeu hospitalier.



Enfihes deux modéles ont été résolus pam untélimamnholede | @xiecd ke
CPLE&t par un algorithmeorhpbrache la métmoeeherecheal dtab
| algorithme GRa&lYPrithmbrigeoposshppe(lESGRA P

Cesysémeaidleopérabhemaiaétre plus efficacerappmhenddennes
déciomslesecourssdlastudanslattentats acgidiamestlsur, pgebomet
d éturoutdssendialide a la décision
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Intoducti®@édnérale

Contexte général

Aujouhdiles crises nappablesavegndréqumeedeplusnplus
élevéee qui provoque des, desndac¢imbkements ddee nteend,e
considéraeesunasmietc. En ptussadesicielles prennent leur place
plusieurs faéiggonsedxinternatx@maa exeplpleatastrophe nucléaire
Tchernobyl ehe$9fi6tes dans les réacteursanhb akéissiliem aj ggmno 2 Qilsl
les attentats télrripralsittesR ardisrandegiregypte) &

Plusieupsetserechahreont érn@alissEadedévedppedesoutild aide a la
déciomdanslessituansalepostcatastrogmhzeonerbineetdefournides
iformatanspréciemsempg & aucentrkeegestienauxéquipedesecuars.
Lensemklsohnéeslteepanutdasuneégion sinfermenerase de
donnésstaqueblepats appupeuprenddes décidieseaireficaces
et en méme tempsA mpagritdkeesquelgesdonnéé o pératluarairpeut
facilmenprenddesdécisieffisacetexact®saiavewntréegrad nombrede
donmeé&(cestlecaglans |sestuansargenites nougautavoiuon syseme
informatigapablérde audmatigementcedonnéets faire uefftirdace
pour récolter les informationpgoumigeirteagretetivaina bien
comprendre la situation pethgnmiesd neeilldeisan sd es e wDs .

Généralement, apres la déclaration deédardseéappaunitétatt lcdes
ressces sga@héralemadtistribuées

Les trajecdoivéss ggaambulaksebeurs gdéppuisairs destigsation
indéfindesujets a plusieurssmpgdiimatntanselscour de fai€eeise
soit demxchoixcemiasparcqouirdans le cheaixs dikeestinations (bless
hépitaugy désordre conduit a une perte de temps et a une mauv:
valables (ambulancesghdpgimerpdce pautglasrs niveaux surtout
au niveau du colt de fonctionnbmreanieaiae (peebaude la vie des

Obje af
L objexyémérdénotreravail est de résoudre ineéegprebleme
transpattocatiemleasskseéns les cas |lEsipdpsudifminimiser au maximu

la perte humaine
Le cSur de notreotraisdpiréasenter une peErramégiant deldsaiter
problémes suivants

1.Servir les blesdésirseponofor@donnancement selon leurs d
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d urgence).

2. Affectah optimale des ambulances aux blessés.

3. Affectation optimale e bilessse.s au

4. Optimiser le temps de transport glob@lvdeutotuoe Ide pt@nest ilen
blessés)

Pour vérifier enotamodeheathématimqawes | aappsigate testé sur
différest®€nardoaffectadesn blessésdifa&reecnbanbres différentes
locatipndes hopit(avec différentedslcagptapimesd ambulances (ave
différentes lcedatiidhésrents nmworubrensong oer editiidest sa raplieité
fournir une solution

Plan synthétique .de la these

Notre thesl@cesmposédeugarties.

La premiéreappotie objectif de présenter notre revue de Ilit
portée sur les travaux abordandule sthiaimtlo gicstighe, les différer
stratégies de résolution et le cadre conceptuel de notre recher
chapitres

Le premieapid(ehapiifje@résentehlaainegistiguegestdifférents
problénmles coopéraiiendescriptpoombdéme d optimssat@ignne
présentateenm@thodes ckex aétesluEinsujtdeans ce chapptréesente
d une facon gleseéahe heuristiguesteéuristiques

En premiemobigsrésenttemggorithmes les pposlatiBisélsution
des problemes d optimisaticontple denegoérechaine lodEstique
second liewrésestessalgorithmes évolutifs.

Enfin @écriitmlportance et | efficacité des salgbighmseaplpyicradieons

Le deuxieme d@egpitpositionne notre probléme et les objec
motivé mwoesvaux de recherche. En effet,odametck aclcamittreuyr
convergence de notre appagbahne qusdcgalimsjuelesapports de
algorithmes de rieadéschotroueséde véhic(WeR.B) (C.R)Pet
| ordonnancement de¥ . E§PBicrulrapport a notre proflidgeatieque
étude justifie notre r@smibuduen ce soit audemiceaception de la
méthodologie de développement ou ckessnen éthpplesadeo ne@berche.
eétude bibliographique dans le domaine de gestion de crise est |
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Danladeuxiepmetirous présentons les réesuiteadsmoobdélnigatson
mathématique de probléme deetrdebemé@&hbotdast@e résolution adaj

Dans le premier chapitre ChapeéetBeopadéiorit notrérepremi
approcéhtape par, totwdmedébutant par |laomodatiiegdaque du probléme
puis parésalution de ce modmléthaveee exactel etpphitimation d une
méthode hybridesubas@cherctadou et | algor(GlRMEG RGreedy
Randomized AdaptPre Seeduredp pe(TESG R A $.P

Le secorapidre de cet(@Ghppitheorésehd deuxiéme approche qt
résoun aupreoblédhe transpanmsn scénario dethéeentine conception
totalemciitérente de ceHeeréebodlpreemiereoaplgrso bhessés a transpo
sot regroupés ensepibbeedamszones. Nositsardt@wseloppons un Nouve
modele mathématique résolundé thboodel @pacsepar une adaptation
la méthode hyISGiHA 3.P

Le manuscrit se termine par une conébuwnl@edrgicngpadehgsi r

realiséesproposemme perspaeetiveyvelle conceptitode gudedsou

présenté dans la deuxieme approche d une mbmierentotdismretnt
le principe de traitemethhylbrmbegessn ERIASP.et TS
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General Introduction

General Introduction

General context

Today, natural crises appear with increasing frequency,
earthquakes, considerable fires, tsunamis, etc. In addition.
place, due to sieowearlalamdginternational factors, for example
disaster of Chernobyl in 1986, the leaks in the Japane-c
Fukushima in 2011, the terrodfsanatdaclkrdipphmm@ e atro
EgypE)c.

Several researchverbjeeriscbaducted to develop decision su
posdisaster situations in urban areas ansihoepinofwircheadicocura
to the management center and rescue teamsywhldmdata coll
disaster,farees a databaae tthea beipdn to make effeattive and
the same,faemterescue decisions. From some data, the human
make effective and accurate decisions. But with a very larc¢
the case in urgent situadiotms hawe anecomputer system cay
automatically process this dateaocaund gdfitcimetotrim astdwant

helphe human togedéerstand the sitwquicklgndake the best rel
decisions.

Generally, after the deciasratiarstafte appeaaedieresources
are generally poorly distributed.

The trajectories followed by ambulances from their depots

indefinite and subject to several additional changdgks during
choice of paths to be covered, or in the choice of their
hospitals ), this disorder leads to a waste of time and pool
resources (ambulances, hospitals) which increases our

especianlyyerms of operating costs and humanitarian level
wounded) .

Goal

The general objective of our work is to solve the integrate
allocation of wounded, in the most difficult cases, to minim

Théreart of our work is to present a strategy to address the

1.Serve wounded according to their priorities (schedulin
degrees of urgency).

2.0ptimal assignment of ambulances to the wounded.

3.0ptimal allocation of wsqpuhallesd to ho
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4 . Optimize the overall transport time of the entire operat
the injured).

To verify and validate our mathematical model, we applied ¢
scenambsvounded assignment (with differentloomthbens)and d
hospitmdsignment (with different capacities and locations) a
different locations and different numbers) to show its effe
proviimgolution.

Thesis Synthetic plan.
Our thesis is dividedtdanto two par

The purpose of the first part is to presetheclri dikcatatgre rev
problemhe supply chain, the various resodothen cotmaeedued ar
framework of our research. It is divided into two chapters:

The first ci@dppdaerplgsenhe supply chain and its various co
problems, a description of the associated optimization problem
exact methods of resolution. Then, in thins a hgeeral weap r etdeer
heuristic atrbdemeistic methods:

First, we present the most used algorithms for solving c
optimization problems in a supply chain. Secondly, we present t
andinfally, the importance and effectiveneasdothteybragpdigatiomm
are described.

The second J(lChmiptre pax)itions our problem and the object
motivated our research. Indeed, in this chapter, we focus on
approach with the supply chain, asowelbfasetdre It ad gra mihhims bas
(VRBRYCVRP), and (VSP) wintmallmtdomblem. Finally, this study jus
choice of resmeuhioshbether it isdeavdhogpment meticodockpgyal
level or in the applicati®oaaoddhloelse A bibliographic study in the
crisis management is also presented.

In the second part, we present the madthhé¢neatiedlearctdeling
problemhe resolution mehbodlstaimed. results

In the first chapter(©hapiserp@tdescribe our first approach,
step, while beginning with the problem mnanitemuaniclhemodelin
resolution of this model withamg¢exdarcdg whewhagplication of a hybr
method basedoquemdaybtidizaoifoab®  arch and the (Greedy Randon
Adaptive Search )fCoRa8®nealgorithm;GRAIRE) (TS



General Introduction

The second chapter(©Ohdpterpa¥sents the second approach th
anotheptimizapirmblem in a differendnsicenir a totallgpodcidptrent
wherwoundedibject to reerecwggpuped togethedisitandmesal We
develop a new mathematical model that is solved by an exact
adaptation of the hybrid me$hod (GRASP

The amuscript ends with a general conclusion that sumr
approaches and proposes, as a perspective, a new conceptic
presented in the second approach in a totally different way
processing princhplélydrddization between GRASP and TS.
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FIRST PARTTERATBENUANDI HESS POSITIONNING

This part aims to phreeseatieakbearch framework.

We will first present the definition of logistics, most pdgognized
chain and some of the existing resolutions methods.

The first chapter represents a bibliographic study and a state
optimizatmeribods and exactmesbouseod so sohvelex combinatorial
problems.

The secomapter is devoted to the presentation of the various
strategies during sudden crises and to the explanation of the m
now for solving transport problems within a crisis management
highlight the relationship between the approximate methods ant
areareSearch, its benefits and its risks.

11
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Part Btate of the art Chapter

Chaetl Preparaamdpneneral definitions

1.1 /ntroduction

Since the beginning of the 20th century, the technological
has led to a huge evolution in several sectors, especially the
research we will try to benefit from this developgqeDurfiargthe ssa
crisis, we aim to reduce the loss to the minimum and hope to re
as much as possible. The significant development of this type
the collaboration and synchronizatiomns hatdveadh thld theeradkdpend
tasks in theewmotk achieve a global benefit.

Supply chain integration tends to standautiireg @ahdnbegrenazedhas

In the context of a supply chain, the work plan ihesftodederes its
contradictions.

This chapter presents the context of our study and its rela
management supply chain and approximate resolution methods.

1.2Llogis agdppépnain

In 2001, according to Akbari "etymodogticallyonibe feaom the
Greek". The definition of the supply chain has evolved over
century, France was the first nation that, with the emergence
supply of military resources (weapgseag dogpxxit,sfodfder several
this term is widespread in the production section especially in
compani€®slin, 198dye proposed the following definition: Logisti
prosse by which the company organizes and supports his acti
determine and managenaherr&llated informahnitenrnfddvawdnakt
upstream and downstream.

Several types of logistics are availableiosulpgliysticgisdictripuoid
logistics, military logisticslagidtfiiosally retro

15



Part Btate of the art Chaptler

1.2.Ttanspbagistics

Logistic and transport are closely linked, we can have diff
operations such as commodity transpostaatoon,pesioermgiernt
etc.

For betteploitatnencan distimgaidbgd information systems:
I. Regulatorogpielmators):

The operation godw dhrasugs

a.Plannrhtginvolves designing, planning and scheduling
resources

b.Redation: It consists in refining the schedules ant
vehicles at peak hours to improve the quality of serv
use of the network.

[1. Client ¢titheveler):

It is very similar to Traveler Salesman ProblemegT.i®.P) wh
reductiomoolh costs and traveling time.

At the transport problem level, the supply chain application
systems:

A.Humans transportation system:

It depends on:

a. Transporting tools

oUu Infrastructure (tratvs@rokrt

o0 Equipmeéhntain, busandagars
b.Operators who invest and manage the network
c. Thepassengéosuse this network

B.Commodities transportation system:

They consist in making availahthetgubhekitgugtocieats in quan
and in the promisddatime aoaonomic and cQqnmspethtisnes teost
includes:

a. Choice of transport®&oiaoghsanwpdebined
b. Chaie between available, outsourced or hybrid transpot
c. Packing type.

16
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d. Stoaokanagement
e. After sale services

1.2.Crisis managapysiyain

Crisis have several forms theyf<cwonddiihedsataantthffuake etc.
or triggered (war, denteaeraocist attacks evolvements coul¢
beeithguick or slow depending on crisis type and urgency d

The fastctrimon is compulsorydiemalovdell wwith its consequence
return as fast as possible to the preanaosntanse dgeddre cri
methodology should be adopted for an efficient crisis mana

Crisimsanagement iincludes

Crisieeypanti®mme crises can be preddcoallieiysurceh .as The
objective of this step is to prevent the crisis from actually

Operational response competence: It is the speed of the ref
of the necessaey).these reflexes must be planned in advan

Taswmanagemlgntoncerns all the various syn<slerpnneneddand
operations that are set in motion during the crisis with th
situation by minimizing its effects.

1.2.38Buppdnian

The supply chain is defined as the network of companies th
and downstream, in the various processes and activities the
of products and services provided (ohitdte pered ,cbogusthiers an
supply chain managméhusl198Z)an be defined as a network
that provides the functions of supplying raw materials, tr
materials into components and finished proaufénsshaemd dis
product to the d¢B8sltlomgton,. Th®ed) after a {(Rw Rearsmmus,
Strategic supply chain pdehimed,it18983 network of entities
which the matempabtdésw these entities include suppliers, ce
site, distribution center, retailers and customers.

In fact, it brings together approaches, processes and funct
reducing costs and increasing ite Dipwibikidyitim pedi@rmance
other teimmprove the overall production system and provide
support

At a compamwhatevedonsaof actiwiap three levels of decisio
making are presented

17
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€ Strategic Sevedf guidepien @ ecimidkisaghd letregm action
line€'® months or(@oogem, 2000)

€ Tactical lewslt of mddromdecisions (from a few weeks
months) dealing with the issues related to the manac
resources available over a fixed horizon.

€ Operational Setvelf: daily and weekly decisions generat
production or scheddJdlidd grhars,, 1996)

The humanitarian supply chain has d¢bm Ea&am® e wWhhAEhive as
but, in a context of great disruption, it is more difficult to
are identified in five categories:
08 The life cycle of the humanitarian operation.
0d Environnement.
00 The natufeowf
ol Physitlaolws
ot Informatflom
0d Logistic network
0 Thdynamics
ol Evaluate urgent amkeds amigthlt be uncertain.
0l Coordinate thesaimpply
o0 Work in emergency conditions

Take into consideration that the provided data are uncerta
subsequent modrtisalticogs from lack of transparency.

Modeling:

Analytical Bet‘edf mathematical equations to describe the s\
is necessary to make a certain number of assumptions a
analytical model to be simples{dehasmiimimoidedy, analytical n
are generally content with aspects based on digHubangon in &
The impacts of sharing production information on supply ch
of the literature, 2003)

Imulatimpdelhis model is used when there is no relationsh
diferent variables of Ithis dyosttemtochaymnamib@g different

18
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simulatieaohniques of logistic chains are c¢Masiidiell9iadgordin
threfamilies:

a. preadsksemulation,

b. The systems dynamigcs approach

c. The discrete events approach, which educate and train
of supply chain management.

1.2%pply chkarocture

In 2001, Beamon angoGkédnapstructuring of the supply chain
four families "convergent, divergent, joint and general".

€ The convergent chain, the materials coming from se\
converge towards a singlieedestaighecimhles them togethe
like the case of the car building industries.

€ The divergent chain is the opposite of the convergent ¢
start from a single source and share through the cha
mining industry.

€ The joint chain is the union ofiaancandeage@ivergent chai

€ General chains are neither totally convergent nor total

1.2.Gontrol

Controllismga function that exploits the ataihabdetreysource:
supply chain

Thisunction pestontg adapdnd nmakvailatdeuse aHeoflata
thadecision ceatentson to providedeeffiirentan rmezogwo
types of control.

1.2.5.Centralized control/, conventional centralizec

a.Manufacturing ResourcsgsPdgiRIPheir mainigtoal

providee@ision suppbatiseslan efficient pladaely methot
resources of an industrial enterprise

The components of thiis method are

€ Strategic plan.
€ Industrial and commercial plan.

19
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€ Production Manager Program.
€ Calculation of needs.
€ Phanning of capacity needs and monitoring the exe

b. EnterpResouPdannisngste(sRPlhey are based on MRP ar
cover several functions, among them:

€ Reliable access to information.

€ Centralization of data and simultaneous access.
€ Propal oC&mmerce functions.

€ Some additional modules

c. Advanced Planning Sylsitem (RS )goal is to obtain opt
solutions at different dléelasiena|e®1Kbe) using different
techniques and slgorithm

InaddititofERR(APBprovides a solution that optimizes collab
accordingddefiakbpgectives.

The main commorents

€ Production planning.
€ Productsoheduling
€ Distribution and transportation planning.

1.2.5.Pvaluation exsdatemBacrisis

Evaluatismn esseletmalntpforvisioning eseexkstad the disaster
areaAfterwards, we can specify the most urgent cases to m
guality of this evaluation is very important, lmdcause all
operations will be heavily depeineenified sheugptien in th
operations field.

Good assessmemtssimegsdounded needs in the affected area
needs and their local awvefifradtilutgtuzdeity and fSpatly re
the obligations

1.30ptimization problem

Optimizatiaam be either a marximiireiim gz arlgefan objective
functibn

It is a question of finding among the set of decision variables
the optimization.criterion

20
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Twoessential aspects bring optimization methods together:

€ Distributaltulation

€

Problems of adaptation a-adaptseaosoh self

(Ejday, HeIifines the concept of optimization as comprising twc

€
€

Modeling
Prblem resolution

The efficient optimization method should consider the follo\

€

Robustreetagvdard method applicable for a wide class of pr
adaptdeatasedsiations).

Efficaldyshould not be expensive in CPU time and RAM
Precisfidrvee numerical relsahgwettse rpabblem optimized
solution

The complexity of a decision problem is measured against the
algorithm that spirobdsethis

Let uldustradene complexity classes

€

The Hass:problem P is capoildercedial if it can be solved w
algorithm of polynomial complexity, all of these problems
The-pace cMassre resorted to this problem if exist an
solves a problemofial splgme with respect.to the data siz
The classf NWRe héore every instance of a alutiem &f the
problem in polynomial time, we.say that P is in NP

The NMPomplete Woasdn of dominance between problems, P
if wencdaransform any instance | of P intodadoinstance
polynomial algorithm. | is a solution of P if and only if I’

I1.4Mathematical momediumgered probl/ems

1.41lneavodel

is a mathematical model that reatiese mptro e mopd sm

popullmethod is the msempddx wikiahvery efficient method in pr
but the calculation time can beEtaomehwevyg baregéorced to us
additional techniques (ex. Branch tdred o ggpdioemsnimitae e

21



Part Btate of the art Chaptler

1.4Binary limeae/

Inbinary limeaimeigmanproblemasvencouretdsuchsassignment
problem, maximum floangriodiggeduction problem.

For some problems where we look for anerwhiokaa@mttimyal solu
ofproduqgt.we mtastkthe probwenm integerstraint pmotdream;
otherwise the optimal solution is n@tralbine i Eltigrgtbd e knp a c k

1.4.@eneral principle of cutting methods

In general, thesarm ethpatdteae h repetition

a)We ignore the integrity constraint on the variables (¢
linear program and consequently we obtain an optim;:
be complete.

b)A complementary constraint is added toomeplietve only
solutiomeady obtained. This additional constraint is c

c) Repeatptreevisiteps from the begaaahnge pe hitticen
obtaamomplsbdution

1.5Exact construction methods

1.5.BranchB&unfd&B)

The principle is to generateividle theetrgingresstart with
most promisittgesuland especially by not expdfaristhpee ,the lea
whicWwe know tllatest cohtain the optimal solution.

This metisoappliedofeirng combinatorial optimizataohapg®blems
number of possible solutions. We can associate this methot
contains all of the feadheleoslopdutventsces emanating from the
governed bB/&Bnethd®oig, 1L9%0O)ctbased on a tree search mei
for an optimal solution by separations and evaluations, re
states by a state tree, with nodes, and leaves
Th&8&Blgorithm is based on three main axes

a. The separation (Branch):

The separation salilbbdsvtide the prebbeprobtdrme root of the
tree represents all of the feasible solutions-pifduemsy dea
and keeping at each research step the best solution foun

22



Part Btate of the art Chaptler

definitely solviesd egvlailetiot establishtheattreermit cdhuenting
sebfall solutionsenTani@ming undiscoetemafbteodes that can
contain an optimabk salldeidrset of active nodes.

b. The evaluation (Bound):

The fundamental purpose otfo esmalpktyothes search space
eliminating some subsets that do not conTaien gbaladptimal
evaluate epdoratimtrerest of thssubtse®he branch & bound
eliminates branches in the search tree as follows:

The search fmrnimum cost solution requires memorizing
encountemoesd solution duringpdvamE@dhdtatoamparing the cost
of eatrlavelraddwitithe best sodositdin the cost of the conside
node is higher than the beskpdosimgvédrammch afditssll|
solutionswtihtnecessawilyhphbgegher cost than the kest soluti
already found.

c. The cosntsategy:

Width: Tdtisatemnivileges thodomsestt vebyiceaking fewer
separations fromathprobigim. It is less effective than th
strategies presented.

Depth: This strategyafrdhhemsdrtites from the root by app
more separations to the initial problem. This route quic
solution by savingryhe mem

The best: This strategy consigtsobdenvssiwiitly slud best
terminal. It also avoids the explprabilemesfthHttih@veud ba
evaluation compared to the optimal value.

1.5.Branch and Cut

This method represents areeahtmdwerifthim for different linea
binary linear model and it can guarantee thmeeolpdidnaVvitychit is
consists in the combination between the cutting qalthe methc
bound algorithm.

Wefind that

Branch & 8uarch & Bound + Cutting Planes
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Generating Cuttilmge RYaneral idea is to add constraints that
fractional solutions of linear programmitige wiittheo o laultiino nnsg tir
whichn the firstgpkaadéy reduces the BrammdBound treenand
second pdpeed up execution-ahkluBralgmohithm modifies the Bra
andBound's basic strategy by attempting to enhance the re
programming of an IP (Integer Programiii@g )b wifioheneon nneecd Urag
a partial solution.

Branch & Cut can be used in conjunction with heuristic met
bound of the optimal value while usinglgleiBGrmmi@ti& 8ound
is very popular.

1.5.9mplexethod

It is a repemeithod that aims to start with a basic solution
optimal), then to improve it iat ceralgr obedranidhe optimal soluti
at the base it builds tawildshwedreurztiatheulated.

In the first place,xthegsin{pl@Entzig, th®d3k)ls the problem in th
form of an objective function and constraints (canonical prog
it transforms the canonical program into a stanglameshdorogram
aritficiadriabldsrtoindgtyato equations.

AlgoritPminciples:

ou Start from an extreme point.
o0 Move (pivot) to a nearby extreme point improving the so
00 Repeat until the optimum solution is obtained

1.5.Dynamic programming

Dynamic prograsimirpgoigramming paradigm, that is, a parti
understanding a given algorithmic problem.

It is a useful method for obtaining an exact solution to an al
a "classical" solution is found to be too comgplealladd ine€
combinatorial optimization.

The effectiveness of this method is based on the principle c
mathematician Richard Bellman: "any optimal policy is com
policies"
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1.6 Heuristics anburesaics search

Atificial intelligence (Al) has now become applicable in
image processing, robotics, logistics ... but as forsthe resolut
Alfaced several obstacles especially in the fieldlemsolving
where we are obliged to find all the alternatives solutions an
practically impossible. In such situations, powerful search
improve the efficiency of the search.

The heuristic amelumetiec matimbde solve these complex proble
they are conasdrepedtsnppliers of effective Al research method

a. Heuristic meeromigion:

It is dascipline that proposes to formulate the rules of s
SOmetimdeads to @amissing resathioiry;seeks a good solution ¢
to optimality with a reasonable calculation time. The heur
given optimization problem but without any guarantee oOf
reasonable calculation teohy ®xarctihealgrerithm

b. Metadeuristic mddefomigion:

Thesstochastic optimizatiocoallgaayethamal heuristic approac
whose maigatastke ability to extract from a local minimum
minimum. A-hmeaitrastic can be dippdredttcombinatorial optimiz
problems using independent strategies that guidseotae searc
not to remain in local minima ex.: ant colony optimization
Randomized Adaptive Sea%cimuRaoced dungEa.

1.6.1Simulated Annealing

The idea is to perform a movemdkistrazucmmodibaditotya which
depends on the quality of different neighbors, best neig
probabibinyless good ones have a |I{DevgpdababiNiewton, 1989

The search method requires the use of a parametédy called |
whictan vary dalgogitbxecution process:

0 THighlIn tde@lutiomace, all neighbors have almost the san
ofbeingccepttded; number of possible choices is very large
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0T low: In the speaxtdah number of possible choices of ne
reduced to the minimunmepesavbldave a low probability
choosing a movement.

0T = 0: We can nakengrey movement.

The temperature varies duaitn gthehegi rsrei@igcd :higmd thien
decreases andnéeendging 400

The function that specifies the evolution of the temperatu
scheme.

In standard siannlaacidilge temperature decreases by level

Simulated annealing parameters can be adjusted by obser
acceptance during the search.

If the initial temperature is too high, the start of the searc

od Initial temperatnammeterpaets the initial acceptance perce

0d Length of a step: A parameter limits the number of test
another parameter limits the number of changes (moc
beginning of the search,

0 Stop criterion: A counteretiesrmnuimesd ifothe algorithm stoj
progression. The counter is zero at the beginning and
iteration. The search stops when the counter reaches a

At the end of a landing, the counter is:

od Incremented, if the peocempttageeis below a threshold,

0d Reset, if the quality of the best solution has changed d

1.6.2Tab8earch

In(Glover, TabuPsearichlP@Bgver, TabuPsaearidh 1 ndyet

first who develohewrimtatasearch called Tabu Search, whict
widely used for solving complex combinatorial optimizatior
small size (oftendMPadditTarbu Search (TS) has several apr
in nondar programming (NLP).

This research technique is based on two phases:

a.Adaptive memory that depends on four importa
(occurrence, recently visited, quality and influence).

b.Reactive exploration, it is able to take tactical se
efficiency.

26



Part Btate of the art Chaptler

Definition:

The basic idba ©®abu list requires the noédnoriizidéibn of
modifications or regions aodrttain nmredhueisméibit the
search to return too quickly to these changes, these mec
prohibitions of certain(whaMmeadéendstaboo movements), it
guestion of prohibiting the movements which would try tc
last executed movements. AT Edolbsesrdhimnhest neighb
which does not exist in the Tabu list, evenunfcttoman deg
for this reason wleSsanadbae¢ssive (Fegue 1)

Memory:

The main role of using adaptive memadrgaiby toismiem ori
candidates, this memlabyw ibisctaltbd main purpose of this n
to restrict theofcmedaendant candidates who will be mark
Tabu for a certain moment; when the siugeofptrea ¢éifshedkce
limit, the first selected candidate will be eliminated frot
is called the aspiration.aT pafunseamenhis memory is to a
algorithm to enter a local optimum which improves the
evolves during the resolution by allowing us to use
intensification and diversification, the Intesnstifiecation
algorithm to exploit in addition the good candidates alr«
diversification strategy allows us to explore in space ca
already visited.

Exception to prohibitions

It is possible to violate a prodhbbiten wlernnept makes
possible to obtain the best solution registered so far.

Specifying the Tabu list mechanism
To describleabimechanism it is necessary to specify:

€ Thd&abu kistucture (the nature of the elements that c«

€ How thetlis updated when a move is made, (Which it

€ Which movements or neighbors are prohibited accorc
contents of the list.

€ It is also necessary to determine how long an eleme
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[ Initial Solq

\ 4

[ Create neig] :[ Evaluate neigﬂ

Better -n
Tabu
neiahbho

Update aspi
condition

l Yes

Choose be
neighbdpdat
Tabu list

Ye:l

[ Final soluﬂ

FiguteTabu Search procedure

1.6.3Ant colony optimization

The ant colpimyzatiiena probability tesbdlhuig@®erigo M. |
1992 evelopedhe idea is to represent the problem to solve
search for a better path in a graph based on the actual s
between the colony and the food source.

The behavior of artificial ants is inspired by real ants; acti
why they move in a random way and leave traces of pheron
cross uretdbhing §oodce, more plsewdhhomee deposited on the r
the more the probability of following th(isigurer&nptofneiahcrea
ants follow the same method but they deposit traces of
components of the graph and they choosactéiofpmrtdsioesdyi
deposited pheromones, these traces evaporate over time.
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This mbearistic has solved various combinatorial optimizat
as thleravelealesman probleMo(igd)M. a., th@dguadra
assignment problem and the vehipB& tou9ing problem

Figu2e ACO protedure

An ant will move from node i to node j with probability.

Qn
— U

n;

AT,

Where:

. is the amount of pheromonejon the ridge

is the influence control parameter of
is the desirability gf(udeattyg.ge

is the influence control parameter of
The amount of the pheromone is updated according to the f
= ()

Where p is the evaporation rate of ithehghteatoahame f atrhc
pheromone deposited.

=— if the amasses on thg ridge

= Ofelse;

Whererepresdaihes cost of passage of the ant
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1.6.4Scalable Algorithms

1.6.4AFAlgorithm

It is an algorithm for finding & ghoogphedt@mth i
Consider -dimveonsional (MmigtiuregvBere we have several obstacl
we will start from any point to another point (destinatior
possible) to this destination, the algorethnmsAfdlsowes this
o Make a heuristic assessment at eachbestuteexd to est
path.
o The vertices are traversed according to this heuri:
retain the summit where the evaluation is the smalle
In the algorithm A *, we afedectcthe toeexplore.
At each iteration, it takes a cell whose cost is the smalles:
by following the same method until arriving at the destina:
The movements of this algorithm depend on the cost of pa

Fgur® A Star algorithm
1.6.4Genelbkgorithms

Genetic algorithms are randomized and intelligent ad
metaheurasgiocrithms, based on the evolutionary ideas of na
genetihie)y are usedofotismilzvaeti on p rlotbd ermte.c h o oqusest s

simulating the evolution processes of natural systems, t
algorithm that has some of the human expldtrad¢ieoch char
generation, a new set of artificdplireraetatreeds (sinigpgnnova
part&enetic algorithms are not, tloe gl legffreecrtdwaty leverage t
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information already obtained to speculate on the position ¢
with the hope of improving performance.

The genetic asgwretkemdeveloped by JOHalldotdadd7d)
colleagues, and his students, at the University of Michiga

The mechanisms of a basic genetic algorithm are surprisil
nothing more compliopted ofantrangs and sexcrhigsjthees o f
reasons why this simple ipmucdssrevacrkrmplex an@Eaaybtler
implementation and efficiency are two of the most attract
algorithms.

Advantage:

a.Ability to applyidenrange of applications without worr
their nature.

b.Simultaneous treatmsizgomnubation.

c.Using crossover andenhivasiomemendgewards a global
optimum by avoiding local optimums.

Operations

a.Geneeartitial popudatfiixre d Asiieckividuals,

b.Calcudtdte valaufesheir objective function,

c.Use a method of selecting individuals,

d. Apply the crossover operator wibh ge peodtebihdyviduals,

e. Apply the mutation operator on thearesdltwithlraady
probabilitynodtation to generate individuals,

f. Use a method of insertion of individuals from the new

g. Evaluate the value of the objective function of the i
inserted in the new population,

h.Quality comftrtdle individuals obtained
0d Googluality Stop test.

0d Bad quality => Iterate again for the new generatio
Selectivashods:

€ Rangelection
Rouleteedection
Random selection
Tournamsédction.

a b
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Rank selection:
Each individual is assimggmed brderaonk

o0 Maximization pSobtarg.individuals in ascending order d
the objective function values.

ou Minimization pBoorktémg individuals in descending order
onthe objective function values.

Roulettelection

o0 Maximization pWweb/agsociate to each individual a pro
selectioproptdonal to its vmalthe objective function.

ou Minimization pNd&d/emsociate to each individual a pro

selection ejq:(u:a#)to

Random selection

Each individual is selected regardless of ehiwitdr der ad

uniform probabidftpeinegected.

Tournament Selection:

This method increastésipghrocssibilipp ocmfualiitrydividyal s
according to theio fitaeeissprovement of them@mdfsukaetion
subpopulabion gpalityviduals are competing to choose the
one with resp@ct<Mf e winning individual is selected
application of the crossover operator.

Crossover operators:
GoaEnrich the diversity of the populgtitthre ty mmonpuatatof
chromosomes.

Behavicrt be tlheossing prodailindivicwualseady chosen,
we generate a randsm G glmbexr so the opeampgtlotosthe
couple.

Operation on two chromosomes with binary coding:

a)Single point cross operapameDiviidi® ¢éwohparts at the

position (randomly selected).
€ Child number 1 is comppaetdodfptdree it 1"and the

part of parent 2.
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€ Child number 2 is comppaetdodfptdree it 2°dand the
part of parent 1.
b) Twepoint crossevatoop Divide each parent into three |
same position (randomly selected)
€ Child 1 will be the copy of parent 1 by replacing hi
two positions by that of parent 2.
€ Child 1 will be the copy of parent 2 by methleacing hi
two positions by that of parent 1.

Mutation operator:

This operator guarantees that genetic algorithm will be
points of the realizable domain.

Consideas mutation pro®abyliny.genetic algorithms with I
codintdpis probability was carried out on the genes by cha
O to 1 or from 1 to O and not on the entire chromosome ({
change is random).

With the differentgemeltiicg algoritismapplied to the whole
indidual (chromosome) and not to the genes.

Insertion method

After applying crossover and msutthitSsomedpedatier used t
generate a new population.

Threeeneratéadnstegies are known:

Strategy ansists of cWomadinigduals froohildeen already
created by supposengifthat .It is a generational method
replaces the parent chromosome with a child chromoso

Strategyt &nsists of chvwimsdmnvgduals fpaments of the
previous popahatimew children, but this strategy has a
called the state of mceuhlodritdrmtes ae Ipagt of the
population nexhgeneration stih@ delstcthromosomes at e
iteration to gahnlarmtemosofoesoplye worst paremesst

of unselected chromosomes will be copied into the new

StrategyabBled elitism, it consists in copying some bette
the new population to avoid the loss of the best chri
applicatabnthe crossing and mutation operators, this

efficient because it improves the algorithms genetic,
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each iteration the best individual found in all popu
generated

Stop rest

In genetic algbeitgnmgste of the stop test is to ewsure the
thdbesknowsolutiafter a finite numibeeti.onfs

Two stopping criteria are known:

0? Stop trafixed generation number
0? Stopt the twhen the population stops evolving or no |
evales sufficiently.

Note thveet canrasethe goaldoritbonvergeauece the stop
criterion wisitoitallayrbitrary andetthremsedlution is only an
approximation of the optimum.

SizefMis critical bieA/ags meansthgabvidedssif the

selection gives each time the best individual with respe
objective function, so the search becomes single task ani
at a time, this type of algorithm convé¢ogdeagutmmtuimes qui

IfM =,then this selection method will be random.

Each individusalthen reproduced according tevhishprobab
means thatgood candidates are the most reproduced and
be eliminated.

1.6.4G%eedygorithms

These are the simplest and fastest algorithms because
iteratively without resorting to the @weioissontermatdoasintpe
generasteodution relies on the best choice taken at each
algorithm fails to systematically provide the opasmal solut
greedy heuristic.

Among the greedy algorithms is therithost ldktie@dimdinbgo
(figure 4)
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FigudeGreedy algorithm

Research algorithm

currentNode = startNode;
loop do
L = NEIGHBORS(currentNode);
nextEvalNF;
nextNode = NULL;
for all x in L
if (EVAL(x) > nextEval)
nextNode = x;
nextEval = EVAL(x);
end if
end for
if nextEval <= EVAL(currentNode)
/[IReturn current node since no b
exist
return currentNode;

end if
currentNode = nextNode;
Endo

Chaptler
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1.6.4Greedy Randomized Adaptive Search
(GRAKFP

(Feo, 1b@entedGRA3Metaheuristic algorithm, it is an itera
technique, at each iteration, a new feasible solution is
randomized greedy search procedure, which is subsequel
improvebtsewhile using local search. All created candidate:
added to a sorted list called RCL (Restricted Candidate Li

At each iteration of the randomized greedy algorithm, we
the restricted candidate list,theatnewe @amdidatbe solution,
random choice allows to modify the form of the constructe
normally good, since the random choice is among a set of

Thismmetaheuristic nestharchs based on two phases:

€ Generation ofioan soding the random and adapted greedy
00 The greedy algorithm,
00 The adaptation function,
00 The selection with probability.

€ Application of the local search on the resulting solutio
in the first phastd dpesisepitisibetyto be improved.

1.6.4H5/brid algorithms

Hybrid algorithms are a combination of optimization techn
metheuristic algorithms) and are widely applied to solve
(Blum, 2@L06xano, Z0a0hi, 200Rey can be classified as colla
or integrative confRiandtiond@05)

These combinations improvequahiaylsideuthemefiting from the
advantages of more than one algiomenremcan thistsaguesh two
types of combinations:

0? The collabocatmbenation, whiabkeds,on the sequential
synchronous exchange of information between son
techniques.

0? The inteigracombination of subordinating the embedded
another technique, in this case, we have a dominant al
dependent algorithm (s).
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One of the most powerful cbmdbantehmbtbsness Tabu Search art
GRASR.aguna, ,1@@et¢ thevliimsttdy this maneuver. A few year
this methh@edame widely armdd pteerdy usefulfialgdooryexample
the rental p(dbbemA. Diaz, 2017)

Two strateguéd be adopdarplain the principle of hybridizatio

0? Strategiol-example, we can approach the global optimu
method and then refine the result by successively applyil
hybridization is called dumle dapbsedizatpphidss one method
another. It is clear that the result will be better but a
calculatiomewe will consume more time than if we had ap
methods separately, bumotefrbenetthe hybridizagion, it
advantageous to apply a global method and find the right
a local method.

0? StrategWe2iry to find a local minimum state and stay the
best of local minima (global). This strategy has been
opimization methods:

€ The method of multiple imidlaligatMasrdpeat several
times the execution of a local optimization techniqut
of the space ahdalteetsake the best result found.

€ Tunnelm@thowe launch the local search method to arr
minimum; The Tunneling technique is used to elimina
space that have a value greater than the local mini
pregusly andrelo@nimitze find another local minimum a
on.

€ The roller coaster method (SteepestFAsstentod&scent:
for a local minimum, then this time we look for a lo
makes it possible to escapeaifmaum thtatlo.cihemn we red
a minimization followed by another maximization e
smallest minimum found at the end, is candidate
minimum.
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1.7Conclusion

In this chapter, we presented some typaed oliwexisting |
defined the supply chain with iteridcitfifes emrtdc htardatsic elem
Next wpresentleeptimalptpblem and the different algorithms
resolution linear amnmea&aipdeWsut when the number of varia
becomes tootamtpoit is bettasotfdweadeat capablgdaonform
differetetrationsodatermine the optimal solution

The different types of algosiohuisonsa&rmke for
€ Heuristic algorithms
€ Mdaheuristilgorithms
€ Hybrid algorithms

Theobjective of this part is tomofotcws ean atrhce thhrneowmo st

researchliggrithumed to soleneisttiag optimization problems (ex
approximate methods), eispecliatilgntie sdaipply chain resolutic
Finally,dinsesgetdhe principle of hybrid algorithms and their ad
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ChapterTlhesR®sitioning

2.1 Introduction

For tipasftew yearanyesearcheuditllecrismanagement supply
chajmorepecificehéyhuntaamnsportation @oehvlecuation phapose
been widely studiettharhdgtipeddrity toward ogdcrhaldigy.

Many approaches appearedwidhimesodniyndgietds whatever the cat:
was naturally produc,eedar(tilucadkeeing) or laymid digrad clesaxrplosion,
war, terrorist aWwdake&er the disaster type was, all delivery de:
respectblddte hbaeach disisssuariquehasdts own characteristics (di
resources andtdiffereiests eondlependencies

These variietsassure the complexity of the opttimasathghheroblem
resolution requireswa lpoganamabdieling based on supaptgggyhthat
insure dm@oth routing of pinfeoirmadtamdal flows.

2.2 Vehicle Routing Problem (V.R.P)

(Ramser, RBGPQsless Vehicle Routing/ FRrdbbesollve the problem o
delivering gasoline to sd€YvR)®sstansndered as a genEBPlization
(Traveling Salesman Problem) but the main difference between
must return to the starting location affegusenbg visited points

(V.R.IB)defiagdllow:

We havenumbericdbdntivahicles located indepeotcamraheir mission
is to deliver distinct quantities of goowsthtofixe dideanhéiedlients
objective is to minimize the overall transportation cost by rec
overall transportation time (distancgt) malchowteing ble used by a
of vehicles to serve a group of customers and, in second place
the required vehicles.

Let bean oriented graph

G = (N, A), Wherehe set of nodes (customeAsthmse¢tdep atr),satrhdat
link between these nodes. Each arc (i, j) a3 sescoochi ade $it wmtéar a c
N has a demand

(V.R.®#9al is to find a set of minimum cost vehicle routes that
such that:

Each vehicle s route originates and terminates at the depo
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Each customer is visited&aatllyy aomee vieyhicle and each vehicle
only one route.

Each custremervessdemand.

The capacity of each vehicle is respected.

Howeveuhen vehiclesnhaveum capalketiestal demand of each loc
should not exceed vehaaléd inamxbsiehie(V.R.PS) called Capacitated
Vehicle Routing PrnoRgkns (C

(V.R.P) classified as a NP hard combinatorial optimization prc
approacth@snot guarantee optimeddiycetigpoypwd Reseltbhye ta
heuristics methods have aniskeiramdfipreney as the most pro
approaches that direct the(WMeRpRarch for the

PracticdVIyR.iB)subjefutrtlomodifications in structure and s0 multipl
in constrawvetscaretor exampld¢vViReRvith time winadowssraints
(V.R™PW)which specify the availablatdelhveohainthax ailable to
receime dem@Eoldents are geographicgalby dvepimak ¢@é. R .With

Pickip and Reywwereach vehicleisihet picppositimefomeoving to

the corresponding delivery location

Many other alternat(iveR)®Xistuehthe multiple(M.ep.dxth e rth e
company usayeveral deosetyve its custdbmreeso@pw.R.Where each
vehicle is free to return to central depot after accomplishing it

13 Kr

Pickup/Del
o Depo » A
Pickup/Del Vehicle
D g S
x
<) Sﬁ
7 Km
B
C \e e
. Pickup/Del
Pickup/Del

FigubeV(.R.P)
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2.3 Vehicle schedulin@y m&)blem

BaseW. SiB used to design a set of roudestthétdspaortt tfo one rav €
multiple distributed customers atakkroowhe mlartéss wiebign should
take into consideration three restrictions:

Customer satisfaction.
Vehicle capacity.
Route duration.

The main g@alSplks to build alscihifedoutes respecting these restri
minimizing the total number of routes in use and by consequer
time spent. This objective (scheduling prob(€msistefidds|N.dMs.GL
198)(Christofides N. MChri®9tod)des N. M., Exact algorithms for
routing problem based on the spanning tree and shortest ¢
(Chsetofides N. MspaStatelaxation procedures for the computati
routing problems, 1981)

2.4 Vehicle routing and schesfvVHBE)problem

Routing and scheduling software must usually be custor
operating envirromdnemd customer needs and heeh Araktitele sRicsting
and Scheduling Problem (VRSP) concerfnsotiesdanharmchadohes f
fleet of vehicles to satisfp sted dérmadéchuEh&adidi,SDH007)

VRSP are often presented as graphical networks
Objectives

a)minimize vemueiber

b)Minimize miles.

c)Minimize labor.

d) Satisfy service requirements.
e)Maximize orders.

f) Maximize volume delivered per mile.

2.5 Convergemti@upplothaiManageme@M)S

Supply Chain Management (SCM) is an esserffifatielreayent tc
it requires the commitment of supply chain partners to work clo
generation, order taking, and order fulfillment

In general, when alaredis ticodmany constraints are presented an
respected in ogslelrveothe situretiomn atmdthe previobsefertuariens
announceiffreartmal situation)
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Thesupply cisacromposewdestential elementsndSalpphiess a
In our study case, tsedeidcaabied as follow:

We have multiple (boppljatsiheir mission cpmosvistd orcal
health care dserncoasim@gtients.

We have many welired)gddn( needthf®@ese serwideshauld be
transported to hospitals.

Inthis particasar we are not transporting goods from suppliers t
are mowlhgntolundddom their pdwaed hospitals using a capacitate
(@ambulances

Thereforwe adealing with a supply chawmithhaatstarg srequest
(transportanovolinced by terminal zoaeea ddrewseaeld)o supplier zol
(hospitaedmdnsgwith the reception of requested support (wounded).

During this operatiepamangkistg phaagentA must treat these dem
then Bendbe requested(wwpmarddd transport means (ambulances)
final destimghiospitals) while respecting predefined deadlines.

2.6 Related works

In ths®ctiome presewt iorks related to supply chain manag
others dedicated to evacuation only.

Supply Chain Management (SCM) is an essential eleiment to ¢
requires the commitment of supply chain partners to work clo:
geeration, order taking, and order fulfillment.

Generally, natural and triggered disasters are unexpected and
In mamysemsgople die due to deficiency in procedures such as
Evacuation OperationsgirmwaliMablde resources like ambulances, h
to transport causalities from disaster areas to safe places like
improve-dafweings.

In this regard, many researcherstpahdsidbpifcattention

(Christopher, From brand values to ,{Mst&rheirs vap b e {PEEHBY )
1-13Yocused on the development of a managerial agenda for
managemeh supply chain risk, with recommendations to impro\
supply chahresesearch has highlighted the risks to business cont
wider supplyTdleyirdefined the supply chain as a collebaegd enter
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participates, upstream and downstream, to different process :
products and servtcoessumemnd

(R. R. Lummus, Strategic supply chaidiglanrrimgiohs88B) betweel
informam system and supply chain managemeThe(\s d ®f)inoe ttimei z a
supply chain as a network of entities in which the material fl
entities, including providers, transporters, assembling sites, d
and clielmtss.otlie supply chain problemffdedhedaa theowsstrategy and ¢
practical guidelines for successful supply chain management.
competitive importance of linking a firm's supplybaoBanesstrate
strategy, butdhdgtke into consideration the fact of optimizing tr
time spent in order to accomplish tasks.

(Tan, 20@YVe developed a framework of supply chain managem
proposed various supply chain management strategies and the
supply chain management. Their contribution was illustrated by
of literature (Purchasing and supply perspective odfotriatindustriec
and logistics perspective ah ttthee martilcaniter) of supply chain mai
into a commonly accepted terminologyathareiantdahad g stizld aheng
the value chain and finally they providedomnlreae ndiisatectprdesc
literature:

Supply chain management may be used as a handy syno

purchasing and supply activities of manufacturers.

It may be used to describe the transportation and logis

merchants and.retailers

It may be used to descrilna dildgthaetvailties from the raw mz¢

extractor to the end users and including recycling.
(Silva, 20®rkled on the distributed optimization problem of a lo
poviders. They improved the supply chain performamrcgehy introc
approach for collaborative management of logistic and supply
colony optimization. The management methodology is defined
sbeduling problems that exchange information during the opti
problem is solved by an ant colony agent that uses the pht
communication platform. Authors solved the whole problem by ¢
problemlsere each one is treated apartmofd éhhe qtihodrl.ehm icutreated
as one entity and all sub problems (tasks) are executed in cohe
the final goal.

(M. Chen, @68adnibed a ligraar paodeal wiphiorutitigroup evacuatio
in sudden onset disasters. Theniathiaes thgeo adtissl toavel time to
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the affected areappimo éftdegid ntaatke into consideration the life ex|
of wounded gnllavteeno plan to transport them to hospitals.

(Wei Yi, 260é&nested in studying the impact of a disaster and pr
metheuristic approach grounded on the ant colony optimizatiol
problem of relief activities which includes wounded evacuation
dispatching commodities to distribution centers in crisis zones
two phases of decision making. At first, they bwihdastesebastic v
they solve the assignment problem between different types
commodities, the authors suggest creating temporarily medical
inside the affected areas in addition to thheeyxabadnngohpisqvides
necessary goods to all existing facilities and tranmdpeomaahl wour
objective was to minimize the delay between suppliers and di
affected zones, to create tefmpolitinydthiedooatlo the permanent me
centers and to provide both of them with the necessary good a
wounded to these medical centers. They are serving only seve
people who are grouped in dihferkintepéadetsypues of vehicles with
capacities to transport injured people.

(Zabinsky, p0Od®gsed a stochastic optimization approach for
distribution problem of medical suppbkites tnama gesrednftourdder a w
variety of possible disaster types and magnitudes. They
programming model to select the storage locations of medice
inventory levels for each type of medicabaslamgley begtweaimtahei
preparedness and the risk despite the uncertainties of disaste
modeahegid noptimize the time spent by routing vehicles. They wi
in optimal routing plan of vehiclesmwititdhefirmeditialgsapplies i
MIP model.

(D.Eksiogluuy2dé&dd @) miiktedyer linear program for evacuation plans
using publicstyatreghteir objective is to minimize the total evacuat
number of casualties. The main difference between our model :
citizens are grouped in specific places (stations) and all trar
citizens from the stations within its predefimreldh lanestitmnits clo
theimodelhey missed out the notion of priorities between station
to transport individual wounded to hospitals.

(Xin Ma, 0&6¢nted a wounded transportationtmnmea evlebh acsled oo
solve the wounded transfer-pcabdednsastiargeln their approach, e
is assigned to a single disaster zone no matter how many woun
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taking into consideration the time ospee mthiochacdis asatesezthat s
vehicles which serve zones with little number of wounded will b
some time, if opportunity is offered, meanwhile other vehicles
with a huge number of wounded wauldngeaytibuesy a® a result, as
the number of wounded grows in zones as their evacuation tim
rise.

(Jodo CouRimthmigues, peddeted a multi objective approach to ge
evacwatiplans where people are grouped inside a shelter anct
wounded to hospitals with different types of vehicles and ther
limitation. Using this strategy, they optimize the transgort time
life. Therefore, they are not reducing mortality rate because nc
shelters which is not considered in their proposed model and w
in our proposed model.

(Noraimi Azlin Momd 2N0dsa)idied the fact of finding the shortes
ambulance routing starting from ambulance station and ending
focused on finding the best roads network for the area under st
distance) usahgorAthm, in their model, there is no transportati
ambulances from their emergency sites to medical treatment ce

(Zhang, 20ud)ed the fact of a disagtse imsildd nagg laigdh defined a
evacuation device for emergency evacuation problem but, as be
people are grouped in the same place and they should all use th
without taking into consideration the human medspahtsitamation
perform these actions.

(Keliang Changtu2i0dad)the impact of large disasters on roads s
for this reason a nonlinear site distribution for vehicle routing
points.

Inthagimodel, they focused on transporting materials to uncel
according to three objectives (1. Minimize vehicle total transp
the number of transported materials, 3. Maximize the poore:
capaest), butdidenmoetly on service priority for demand points.

(Yadollahnejadyr@@dsed a model based on earthquake disaster
transferring wounded to clinics andih®seigalsuud ot s@n .

They introducedobjexuivie approach to provide transportation on
but they group a certain number of wounded with different injur
transportation cycle and most wounded arerlocated near to eacl
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(Chawis BoonmeweqgrRet7gn finding solutions for facility location
where disasters are happening or already happened. They inten
location depending on mamsy dissdtobbatsarcicanters, hospitals, etc.
model, they did not focus on the transported injured and they
existent facilities (in our case: Hospitals) to which we inten
depending on many criteria.

(Huang, The impacts of sharing production information on su
review of the literahave, ZdMe3pped an intedpjaetddvenoigiimization
model for optimizing three objectivesssmiopmiminiognd uhedayloost
fairness, they combine resources allocation with emergency
response opgmnathoens study they aim to deliver widenwoesoedces
in adequate quantity as fast asmmobarblerwithdp do not consider
up wounded to hospitals or medica® tthhe ataud h ¢ Rsehiikigr Bloon Oh
KwangyeonHkimim Choi, 30dudy the wounded evacuation problel
natural disdbegr were interested in maximizing the number of
helicopters with different capabilities. The main inconvenience
they need a vast location to land, which may not be always
inapplicaBbane of thelikéWWexs 2(0b4)sed on emergency response
management, they plan to minimize the sum of the total time sp¢
outside disaster areas using differetnhaeeca e lamittso btwadsoport t
to medical (Whats, 2bAYe planned an evacuation model using mu
helicopters to maximize the number of transported wounded to s
time limit fovaduas a hard constraint to be respected, but in thei
plan to evacuate all victims to medical treatment centers.

First, in this section, we present some works related to supp!
others dedicated to ew,aafit@tidhadnlwe justify our choice of adopt

2.7 Proof of selected algorithms

The disastecoal@ abensidelikd a round field where all wounc
randomly distributed.
In reality, when an injury is critical, it rmeaasatbandh20wtouB0
minutes to livbatgétewill be most probably dead.

We should note here that there is a wasted time calstdated till
disaster zone and the associated doctor starts his midgdsion (W
locations in order to provide envirmrementsearamenerehto will el

48



Part Btate of the art Chaptlér

these data and launch the simulation software), so in fact the
this case is decrease@minudtss.than 1

Each tardiness secophascograts iinjured so the fasuditlsee fepvewvide
wounded are dead.

When the execution time exoee¢dmrrher 10t means that the used |
is useless and it should be aborted, that was the maveryeason t
fast reledfloerithm, wancphrovide good solutions in a little time.

Due to the complexity of our proposedhmrahlem,negbdchoisaphRy ¢
intelligent fast algorithm to provide solutions to such problems

As presented imdbhe phapter number 1, many algorithms could be
this kind of complex problems such as Genetic Algorithms (GA),
(ACO), Simulated Annealing (SA), Tabu Search (TS), Greedy Ra
Procedure (G&RPAISRtgalgorithm etc.

Starting @iAhone of the worst characteristic of this algorithm is
time thweetddo nbdtave in coasre sattidgn additional cause is that its te
consists in exvesmndgmutatthe setled initial solutions (parent solu
order to create many neighboCiholdi Aotwtidbimgy &bu dyrese
operatioosld met applied due to sevMaah]|yeleessoresture of our cas
requires an@megoriomfy theituatiodbefogeing into action and const!
neighborhasdisgrossover and mutatiothem@ibmdshods are not
applicable because our sofl steverad nsliesh e nts nwuhmelr € ethesi d
onthestudied situalteomain elemendseihospitals, ambulances and \
number. We cannot switch between hospitals randomly becau
crossover/ mutatiomuséahvedsavailable sufficient serving capac
operatbemcrame infeasiblddabhdtdone.

Continuing (WCt@where ants should Hioghewttde pptsetedione trail
from the nest to food source. In our case, waedmaylhipve howldip
sourgskBach ambulance sapramshkeistant should leaneatluiatdry
centerjhteo fifedd so(dceaster zones or separated wounded) and tl
food source which is in ouwback Whidslpetalssd as a new nest to
and heads to another food source (anotheerosie@a rhsead tve 0 Lzroded ¢
maybe return to the same served disaster zone depdh@hg on the
strategy leads ants to find thdolba®otuncey depesmalihg on the dens
the deposited pheromone trailwiyclex @lfdeirn §i rachitsg it, will return
nest and irstheadeposited pherdsmwhmectrad evaporation process
that, fhheeromone tratihdnighstdensity means that its correspondin
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found the best path, themlomagdisaublject to evaporatwbenpnomcess
ants follow it and increases its density. This strategy is inappl
because we may have multiple separated distant wounded and i
ambulance (anrt) sdrove only one wounded at a time to a hospit
serving capacity and then move to another cvacenea e ¢ ocosrecruee . |
trail will always evaporate and there is no need to increase its
antsa® no wounded to secure.

Moving now to the third algorithm SA whidhgeogudddmeg tase prom
we are able to search the solution space with no fear of losing
all constraints are iappkicglbderhodducdomrs phaésé¢ the main
disadvantage of this algorithm is its ability, according to our pr
optimum by not expanding its neighbor sEuwuaectle mmp eraltwtie nl esyed c
during searchdetieesasyeslevel ianthis tlhaseexploration phase is be
reduced slowly to the minimum and finally it stops amdtheturn th
no guarantee of .opohhawityg this scenario, we can lose a promis
to temperature restditctiommvesgeastby a local optiAimwmhher
disadvanafagleis algosith@m®operations are extremely consuming tir

Continuing ™aiblh Search algdaicthms considered abecuheedf the

technologies for solving idaftiicrulpropteoms that could not be so
classical proiceduweseduceidheGlovaras the first who developed a
Searahgorithmhthhsatbeen effectively powerful and useful for solv
optimizapiooblems. Thigutectedies on two phases: a. Adaptive

Responsive exploration; the first one record ancient search inf
important references: occurrence, recently visited, quality and
IS capable to makeeltactiaeas to achieveTaEfenaivnenelses.of using a
adaptive memory is to asotraldtgeopreandidates, this record is c.
(forbidden list), its main purpose is to restrict choosing redun
Tabuwtave) for some time, dependiffgxea Thdwdest miee, when th
size exceeds the user predefined limit, the first record is remo\
main importance of this adaptive memory is to avoadhdenbering i
enhance the search by using intensification or diversification s
strategy allows the algorithm to exploit more the good fount
diversification strategy lead to explore uneisoleti caspia@ades in:

ContinumigfGRASProcedurat in the difference to A* algorithm it
find quiekkicispntutiomfser these previous experiments, we realize
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to improve solution qualigyoaedsme@poecritriearevéortmeddopt an
efficient algorithm that prevent TS from getting stuck in a local

Ending with Hybrid atlgeyighrmspopular and well known for theiil
compared to claBsurimtetas inBy hydoridization, we can avoid fallin
problems like the stagnation under local optima, also we can ef
processing time spent in calculating an optimal solution or an
hybridization streatkepMeloped in literature but weamaclabsretsfgftw
hybridization. The first one is the hybridization by parallelizati
a strategy based on the exploitation of concurrence and coope
metheustic processes are launched in parallel. The second ap|
hybridization and it is based on the altdrawartisthesweaemameoamdta
a cooperation technique like the communication among some
algothm, which we psopseag,uential hyb(GRAH®RbQooIfthm and TS
procedure. This approach is based on restarting the Tabu Se.
solutions gene(GaRAGBlgorithm.

The best strateiqy |Ifoaurmdare thequential hybridizat{(GR A®Pween
and'S thallow TS, at each iteration, to improve the solution pr
improved WRNA3PBroceduret each itdGRANMEXplore neighbors in
solution space and provide-KBwmitdo thte omesd work on and impre
qguality. This technique could |eadutdexpitcmdlceyssnng time.

2.8 Reseamativation

Over the last few years many natural disasters, warsladd terror
to hundreds asandsoof wounded and killed people.

During TMhoku Earthquake and,Whenaan ¢éa0iHquake followed

tsunami hit the east coast of Japan, 15,894 people were dead w
people missing. The Haiti BEatrtdsguakgec2Oddnthquake to hit the c
since 1770, led to over 200,000 deaths, 2 million homeless, ant
emergency aid. HurricaneVatuioka th@ 0®&l)f Coast of the US, thi
sixth strongest and difulctmwesthdericane to ever hit the US. It kill
and left hundreds of woundef.US® tragpc280&8nted the invasion o
March 2003, in coalition with the UK 3alnd wdh®1 On awitoers .t Bey last
US combatstiedtpn 4wé2&illed. Almost 32,000 had been wounded
Similarly, an enormous loss was reported in Syria since the b
20¥71 around 11.5% of the country s population have been killed
eruptd in March 2011, the report estimates that the number of
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million. Life expectancy has dropped from 70 in 2010 to 55.4 in
armed corfZDiyMi A total of 21,490 (0.5%) persons were killed an
were injured

There is also another kind of disasters whickraoeistaatdaltkspe
which hit multiple cities all dvidendret waaryd,isuch as car bomb, i
attacks etc. but all of them have the csammsoconseylis nree/e alredl b
huge number of killed and wounded citizens. All these attacks
acts and human disasters ahaveleatisdsasFbrgd@ixampi®nRaeis atta
13 0f November, Z04 5attacksinmtd8 mit the capital oFfamnee, fro
stadium to the capital center and caused the death for 129
woundspreadigshin this geographdstaaea seriously injured

All these motivations encourage ushhoquoenshdercombines (C.V.|
with (V.S.P) in order to -smaningizendifeolve the integrated pr
ambulance scheduling and resources assignments.
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2.9 Conclusion

In this chapter, waopospriobgtemwelist some related work fou
in the literature, attesctiddbhb,dwe mpsageeral algorithms used to sol
Crisis management sugptytheeh@&imd of this cluapéferyrwehoice of
resolution algamodvlemexplawheyd hybridization is mooairusabel of
study
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In this part, we investigate ssueswal alo ad gtanithoptimal results. At
present some of the most popular exact methods cited in liter
present some oéddheor&lddund in literaturkesAtibreirdlgnmee of the mo
adopted metaheuristics algorithms that prove their efficienc
combinatorial problems. Moreover, at the end, we briefly pres:
validate ourodhaligerithms.

In the next part, we present and discuss our case of study.
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The first chapter of this part Ohbapvienrg 3théoeuaegation problem
most difficult case where adpapatedlednalredistant from each oth
plan to transport them, using ambulances, as fast as possible
propose a mathematical model f(GIRASERSadygolrytthrind that minimize
the overall evacuatiospeioietlediféderent imposed constraints.

The second chapter (Chapter 4) describes another state of e\
wounded are grouped together in diffearrmpt chisatstentsoasesthe f
approach are appuirgabhleisstedule ambulancesamidisreismsrces

assignment in thenbesdeway esadusdehese grasdast as possible

The third chapter (Chapter 5) represents a-siealecdseasfestwdyera
we can find serpaimdgwounded in distant omsdbdoeseliaasdaseOupnes
objectiayred create groups or divide (or not) existing groups intc
first, then, at seco(®A80SReOWMELing on Image processing and ot
heurismethods.
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Chaptéer A hybrid algorithm TabhRASFafor wounde«
evacuation in disaster response.

3.1 /ntroduction

Natural and trdggaes¥edve devastating and profound negative
human lives that require a speedy declaration of an emergency
severe consequences. Hence, a prompt disaster response, in aif
such as infdemiesdmakingorganized evacuation plan, right hospit
proper rescue vehicles, efficient resources assignment and tin
critical actions needed to organize successful secured opere
prepared, sgvenpmaed bodies and lessen the human distress. To
goal, a complicated procedure should be in place and any failu
the number of causalities, thus a complete alertness and full c

In tisChaptewe treat the Integrated Problem of Ambulance
Resource Assignment (IPASRA) in the case of a sudden disaste
assigned are the ambulances and the hospitals. While, the hosp
beconsidered or not according to the extent of disaster and pa
bodies total number. We formulate the (IPASRA) as a linear m
hybrid algorithm based on Tabu Search (TS) and Greedy Rand
Procedure (GRASP) is offered to tackle this complex problem.
presented to prove the efficiency of our modelling and resolutic

3.2Literature Review

As mentioned before, some previous works arensmptermtested
optimization problanmsupgidechain by reducing the transportatior
according to predefined constraintsrandteresdelders emasuating g
of wounded to existing hospitals or to in s¢se barh porrag yo € rtenaetra
consider picking up wounded one by one from different place
capacities limitation in consideration.

Our approach deals with a complicated case of crisis manageme
dispersed woundedtiphad dnstant hospitals. Our goal is to redt
wounded s transport time from their locations to hospitals by
reduce mortality rate. Two realisineatgdentiritsowereonsiders us
hospitals wittthd Isrerving capacity. This scenario is applicable wt
emergewcyh a small number of wounded and where the total ho¢
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cover this niHolwenewrhen the wounded number increases, the f
become usetleslseasecond scenario without capacity constraint i
solve (MKRASRBY developing a new algorithm using hybridizatio
metaheuristic methods TaBRARRTHle ffdciency of the proposed
algorithm imftesraution quality and processisigctidrd@.is shown in

3.3 Problem description and mathematical modelling
3.3.Problem description

As explained before, we deal with the Integrated Prob
Scheduling and Resource Assignmendaswhenmdhe cesoercs t
allocation of hospitals and ambulances to wounded. The s
follow: we have a finite number of dispersed wounded, ¢
located in several ambulatory centers and seesralvdéhospit.
intend to transport the set of wounded to the hospital s
ambulances GFRiddumbulance scheduling is defined by a sequ
be performed where each task has its own starting and
considervtargions of the Integrated Problem of Ambulance
Resource Assignment (IPASRA), the first one integrates
capacity where eatre &dtsspifhanmteer of wounded and in the s
one, that constraintinsortdreomedyith an infinite hospital capac

FiguBeDistant wounded evacuation
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3.3.Assumption

In this work, we assume that the following conditions are

Theotal wounded number is known in advance.

We use one tehacods, whithle ambubertaashey assure
wounded safe transportation.

We will assume that the total number of ambulances to
transportation purpose is less than the total number o
we Wl Ilimit the ambulance capacity to one wounded at
capacity).

We will set a finitefeaapalkotypital

We will consider that the sum of all hospital s capacit
total wounded number.

All wounded ardérdnstaam¢h other.

We will not consider the wasted time spent by the ope
and putting down (Load/Unload) wounded.

Each hospital is capable to treat all kind of injuries.

The disaster area islikenaidenedd field where ald wound
distribultedeality, when an injury is critical, it means that
around 20 to 30 minute 4 htoohkiweillabtermost prolkalklly dead.
tardiness second counts in losing an injured so the faste
fewrewounded aréhkeathe are interested in efficient solutio
with a processing time less than 10 min.

Due to the complexity of our proposedCpmopllete, ashpeb viesdN
in sect3dnwe need to apply an efficrewida gsaorlid himnto tp suc
problemMencea hyGIRASTPJalgorithm is adoptedptolslelme the
it will be described in the ne)ytasigetiporre.s(&MmtA&§RT abu
Search and their hybridization and we discabbetheir adapti
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3.3.Bathematical Formulation

We present below the data used in our modelling.

H is the set of hospitaJHfide xeisnbead of hospitals.

A is the set of ambulances indexes and |A| the numb
P isthe set of wounded JRllexensurmbeér of wounded.

Hrc andPrc are respectively the set of fictive wounded #émelset of fictive hospitals.

Each vehicle is associated to a pair (] ), where is a fictive wounded and a

fictive hospital and where thdistance between and! is nil. These elements are

used to insure the starting of each vehicle missions. The distance betw@een )

and each hospital represents the distance between the depot of ambulaarmt the

hospital! . In others terms, and! represent the depot of ambulance

Wh theoretical capacity mfithdspiheel maximal number
wounded which hospital h can serve at the beginning o
b operation s departure time.

.. Matuged to specify the total routing time spent in
injuregdo hospAtdlhis matrix is not symmetric in real cas
.o Matrix used to specify the total routing time spent
hospitidb the woumdWe can comeiiéeetihad the last visited
hospitalpalmel next wounded to secure.

Ga sufficiently large number.

In tHellowiweg, introduce the variables of the model.

Grax the date of operation s ending called the makespan. T
objectivmihomize in our modelling.

L: the time when the ambulance trgoagpiordiag woosyn taeld

Xo,nr.the only binary flow variable of our mathematical mod
follow

1 if the ambulance a transfethtdhe w
hospitahd then move to securé the

Oifelse
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3.3.Modelgpresentation

We present below the mathematical model of our problem.
beforejs a fictive injured assclianedntb a fictive hospital
associated to the same ambulance.

The Objective funstdekhs to minimize the total time spent b
routing.

Minimize

Subject tollthweihg constraints:
=1 t (1)
=1 L (2)
, =1 o (3)
=1 "o (4)
=TT e Lo (5)
e+ o+ o+ "1 e U N €D
"e o (7)
oo {oa, [ B (8)

Constraint (1) ensures the starting of each ambulance miss
fictive couple of injureld Bmodehtohsgtitthese two fictive elem
situated in the same location as the associated ambulanc:
mission. The distance between the fictive injured and the f
the distance between the ficteae hhorsjpitad asm equal to the d
between the initial location of theimmibeudandlei camidiahyg
known.

Constraint (2) ensures that each fictive hospital is to be vi¢
(3) ensures that every injoned dnesctorsuccessor and const
insures that he has only one predecessor. In other terms,
ensure that each injured should be transported once. With
that the successor and the pnmgdeedsasny tochraEdried by the
ambulance. Constraint (6) insure the temporal succession k
variable and the traveling aimdes, with tbesistrannd,

evaluate the ending date of each securinGomistsadnt dErmoite c
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used to evaluate the makespan which is the time gpent by
The makespan in denot@dnisyraint (8) representssdecision Vv:

The evaluation of the makespan by constraint (6) and (7
complication at simulation Gtalgest hesaffseieorftly large numbe
impove the modelling, we replace constraint (6) and (7) res
(9) and (10). We re¢pdpeRyvhailcslo represents a number assoc
woundpdnd used to avgcdesub

el+ o+ "1, S U (9)
R G S P (10)

Constraint (9) is imposed dle s\wanid wuthh clhgteammak@span

is redultedhe total traveling time of each ambulance. By a
(9) and (10) instead of constraints (6) and (7), we improv
modelling in terms of simulation results. Note that the usk
does mbftects gluality of simulation results as in the case of
that we integrated the ambulance scheduling and hospital
variable to avoid the use of a big number in constraint (10

Considering the presented constraints, the capsaiddyedf hos
According to crisis extent, the problem can be considered v
constraint. foerfactmajor disaster, when the number of injure
the total capacity of hospitals, the capacity EHomnstvarnt sho
in other situation, when the number of injured is less than
hospitals, itrisam®tie to consider the capacity constraint in
order to propose an adequate solution. Capacity constrai
following inequality.

oot rr (11)
Our linearmodel is solved using CPLEX solver 12.6

3.4 Prove ofCARpleteness

Consider a particularnlPAsS 8wderef the nunhmesmpidfH$ is
equal to nbmber of wounded |P| and where the distance betweer
nearest hospital is negligible compared to the distances bet
instance, our problem is eyuR)daA betetahtdhevehicles are the ambu

64



Part MODELLING AND RESEARCH METHODOLOGY Chaptler

and e@hcities are the ho(S\p.iRalRs).kifben to-HarbhAd th(EMASRA
is NRard.

3.5 Resolution methods

At first, the proposed model is solved using CPLEX solver ]
34, our probleiGompN@te and then exafdargecwtlimsitaroces are not
practical. bredhiissre, develop our hybrid algorithm. For this part,
the problem without capacity constraint is equivalent to the pro
capacity.

3.5.6RASP

We discuss nowttteoa@RAJRIgorithm to solve our problen
shown in next diagram, we start the algorithm by initializir
the routing time distances between wounded are essential
best solution. Then we appigna@mmieeatiprocedure to cons:
feasible solution. At each iteration of the randomized pr
subsequent injured to secure and we select randomly

ambulances and one of the nearest hospithys hlaenngesuffi
update the distances between the set of injured and the se
iteration. We update also the capacity of the selected hosj
treatment of all wounded, we check if the constaldcaéd solu
the previous constructed solutions, if it was the case the
solution and then we reinitialize the parameters of the ran
we restart it again. The number of randomized constr
predefinelden it is reached, the procedure is stopped and
found is returned.

3.5.Zabu Search

We present in the next paragraph the adaptation of Tabu
problem.

We provide a detailed explanation for neighbottheod cor
general description. At first, let us define a negative iter
does nmtprove the best solution found. After that, we us
successive negative iterations as a diversification crite
crireon and a stopping criterion. Before launching the Tabt
initial solution is generated and all of the required param:
asthe abu list, the current solution, the best solution al
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successiveveeigarations. Next, we start the iterations of ¢
each iteration, the neighborhood of the current solution is

The size of this neighborhood depends on the number o
iterations at the currenbetetrabantnu Tdighbor updates the cu
solutioif this neighbor is better than the best explored so
solution will be updated and the neighOamblistaplfetrthdeed tc
maximal sizebwflitt is reachedelémee mtidisstemoved. When t
number of successive negative iteratnoegeirsweqtdahodea fixe
bywmhx thealdu Search is stopped and the best solution is ret

The neighborhood of each cor{sitgucdsdiswilddddinmege sub
neighborhoods where each one is constructed according to
the firstngudphborhood construction, the method is done by
and replacing it with (dhgpuhe Bhp@evounded is being inserte
the othehicdssociayede. For the seeoglibsubood constructio
(figure ®@p select a vehicle and we switch only the associ
another wounded, in other term we switch service order ¢t
wounded. Foon&struction of the third (Mieighdy) dwddowalect a
vehicle and we replace only the associated hospital with a
update their capacities.

Neighborhood Construction:

Ambulan
Number

Woundeg Hospitg Ambulael] Woundg Hospitg Ambulan Woundg Hospitg
Number] Number Number| Number Numbe Number| Number Numbe

0

2 1 1 1 0 1 0 2

FiguTrdnitial Solution

2 2 1 1 1 0 1 0 2
Figu8eNeighbor 1
v 2
0 2 1 1 0 0 1 1 2
FgureaNeighbor 2
0 2 1 1 1 1 1 0 2

Figut®Neighbor 3
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3.5.8ybrid Algorithm

With thellowing diagfrgomrelamd figurke2we present respectivel:
OUGRAS3Procedure and hyibhid wlglorthe integrated Tabu S
procedure.

- Initialtion
Select next injure _
Select randomlifieoneaa
ambulances
l N O
Select randomly one o
hospitals
\ 4
Uplate distance betwesgq Are all t
N O ambulasod injured ——————»<__ wounded
\\ secured
Update the capacity gf selected
hospital
K W\\ If current soshetsoahlprevioswdutions
e current solutthenbast solution < Yes
//
KoB k + 1
YES > Return best sol

Figuté GRASP Algorithm
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Generate initial soluti

rl

Initialize current solut
solution by initial sqglution

A

<

Initialize search parg

H

> Neighborhood constr

H

Selection of best non T NO

Return be

| solution

Update current soluti
solution and tabu |

rl

If the best solution is

YES

16R0 el HB 11 1
© " BRZ +1

’_T

—{ NO YB

Figut@ HybGRAS®rocedure

3.5.Experimental results and Discussions

This section presents the obtained resul{lsP ARtAKE instanc
Algorithms are coded usmpuijarva,seldefoo simulation has a C
|17 2.4 GHZ, 16 GB of RAM, 2GB dedicated VGA RAM and 5

In Tablawel present instances generated for simulation tes]
we give the number of wounded, the nunmbeunolbeamdfulan
hospitals and the capacity of each hospital. Note that for
data are defined, the distances between hospitals and in
between ambulances and injured at the beginning of th
Instaensc are classified in three families F1, F2 and F3. F1
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a number of injured equal to 10 or 15 wounded, F2 contair
50 injured and F3 is the family containing instances of mo

The deviatiwpemethe CPLEX solution and the solution gi\
algorithm is calculated by:

Gap———

V.H.ANalue given by Hybrid Algorithm

V.CValue given by CPLEX

Intable 2, we present the numerical re(lRASRTheapacit:
simulation testisapbaqio@PeAISRAre presentbtddei 8.

Consider now the clpABRAFedr instances of family F1, the
between 0% and 0.94% and the processing time is less tha
given by CPLEXnate Porpaue |viestanmesgolutions calculated b
hybrid algorithm are @igtitoanh anem are given in less than 8
Family F2, Instl3, Instl4, Instl5 and Instl6 are solved o
the deviation between CBh& X slultubimrgiven by hybrid algor
less than 2%. These solutions are given in less than 23 se
of F2 the processing time is limited to 3600 secs and exc
the CPLEX gap is less than 6d%nsk80 lhet2GPAEX gaps
respectively equals to 9.59% and 20.88%. The deviation ¢k
and solutions given by hybrid alg@Bi%h mnids bZx%welor the
instances of Family F3, the CPLEX gaps of insttdtelijnst32
6.11 %, 9.73 % and 12.62 %. The deviations between CP
solutions of hybrid algorithm are respectiv®ly %.1Bh%se3.6
deviations are reached after 10800 secs of running time. F
to Inshd0solution is given by CPLEX solver after 10800 sec
For Inst4l, Inst42 and Inst43 no solution is returned be
memory .

Note that deviation between CPLEX solutions and hybrid
negative wheoluhimn given by hybrid algorithm is better tha
by CPLEX. Note also that solutions given by CPLEX are
instances because of memory limit or processing time limi
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Tablle Problem chistacse

Fami
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[P/
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15
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1
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Inst22
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Inst30

20
20
20
20
20
20
20
20
20
20
20
20
30
30
30
50
50
50

F3
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Inst32
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Chaptler
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TabPeComparison of obtained results of applied methods with capacity constraint.

Instance CPLEX GRASPS CPLE. TSGRAS CPLE 67}:43
Value (¢« Value (s CPU (s CPU (s GAP '

GAP
Instl 11503 11503 <1 <1 0% 0%
Inst2 3975 3975 <1 2 0% 0%
/In&3 2782 2782 2.8 48 0% 0%
Inst4 3776 3776 0.81 6 0% 0%
Inst5 4870 4870 1.2 5 0% 0%
F1 Insté 2943 2943 7.64 317 0% 0%
Inst7 4675 4675 0.52 88 0% 0%
Inst8 13023 13023 0.31 32 0% 0%
Inst9 2328 2328 172.2 234 0% 0%
Instio0 8719 8721 123.0 48 0% 0.02%
Instll1 3023 3024 53.13 104 0% 0.03Y%
/Instiz 1801 1818 355.7 313 0 0.94%
/Instl3 16816 16816 <1 387 0% 0%
Inst1l4 23487 23487 <1 99 0% 0%
Instl5 2892 2948 <1 71 0% 1.94%
Instl6 3497 3499 23 24 0% 0.06%
Instl7 6733 6792 3600 195 1.26¢ 0.88%
Inst18 8594 8753 3600 164 0.02¢ 1.85%
Inst19 10467 10463 3600 5 2.52¢ -0.04%
Inst20 1762 1777 3600 54 0.51¢ 0.85%
F2 Inst21 2384 2413 3600 163 0.34¢ 1.22%
Inst22 8095 8085 3600 376 1.17¢ -0.12%
Inst23 6210 6165 3600 38 0.81¢ -0.72¢
Inst24 6150 6113 3600 94 3.84 -0.6%
Inst25 6450 6487 3600 329 1.01¢ 0.57%
Inst26 3572 3541 3600 111 5.49¢ -0.87%
Inst27 3325 3444 3600 108 9.59¢ 3.58%
Inst28 8949 9664 3600 387 1.74¢ 7.99%
Inst29 4270 4762 3600 245 3.09¢ 11.52¢
/Inst30 6590 5779 3600 242 21.86 -12.31"
Inst31 8433 8866 1080¢( 61 6.11¢ 5.13%
Inst32 7490 7761 1080¢( 188 9.73¢ 3.62%
/Inst33 7926 7770 1080C 200 12.62 -1.97°¢
Inst34 N.S 15552 1080C 40
Inst35 N.S 4924 1080C 279
£3 Inst36 N.S 9498 1080C 570
/5t37 N.S 15438 1080C 734
Inst38 N.S 17249 1080C 305
Inst39 N.S 10159 1080C 634
Inst40 N.SO.M 20197 9673 866
Instd1 N.SO.M 16017 <1 625
/Inst42 N.SO.M 7874 <1 820
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Consider now thepaoingdtRASRAIven ineta&dBh!| Starting with
instances of family F1, the CPLEX gap is between 0.8%
instances were optimal, 8 of them were given in less th;
remaining 2 were given in less than 44 minutes, Inst7 ar
optimay after a fixed processing time of 1 hour with a gap
0.17 % respectively. With the hybrid algorithm, from a to
were optimal in less than 3 minutes. For both Inst7 and
algorithm produlyeshexsaame value as CPLEX in less than 5
Instll, a deviation of 0.14% was given by hybrid algorithm
equal to 38 secs. Continuing with F2 family, Instl3, Instl:
Inst26 and Inst27 voertemsdlyelly CPLEX in less than 345 s¢
deviation between CPLEX solutions and the solutions give
is equal to 0% for all instances except for Inst27 where t
3.13 %, all these solutionstlaae givemutedessor instances |
Instl6, Instl8, Instl9, Inst22, Inst23, Inst24, Inst25, Inst
CPLEX gap is between 0.07 % and 10.91 %. The deviation
and solutions given by hybrid al-§oTbtHm asdbdt¥eemnding wi
instances of family F3, the CPLEX gaps of Inst31 and Inst
% and 1.91 %. For Inst33 the CPLEX gap is equal to 64.68
attained after 10800 secs of CPU Consumehgeteameahddee de
solutions and the solutions produced by the hybrid algorit
0.55 % &Md81 % respectively. These solutions are reach
minutes of processing time. For instances Inst348, Inst35,
Inst39 andOrndere is no solution given by CPLEX after 108!
for Inst4l no solution is returned due to out of memory
time equal to 1499 sec, meanwhile for inst42 the no solu
returned tdyrec

We Should note here that when the deviation between C
Hybrid solutions is negative, it means that the producec
algorithm is better than the ones produced by CPLEX whic
to processing amenliomidue to memory limitation.
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TabBeComparison of obtained results of applied methods without capacity constraint.

H-VAL GCPU (o

Instance | CVAL (se (sec) (sec) H-CPU (s GAP H-GAF
Instl 11275 11275 <1 <1 0% 0%
Inst2 948 948 <1 <1 0% 0%
Inst3 2259 2259 <1 <1 0 % 0%
Inst4 3595 3595 <1 <1 0 % 0%
Inst5 4839 4839 2595 <1 0 % 0%

F1 Insté6 1878 1878 3 <1 0% 0%
Inst7 3487 3487 3600 <1 1.78¢ 0%
/Inst8 9856 9856 <1 <1 0% 0%
Inst9 2325 2325 69 5 0 % 0%
Inst10 8602 8614 1018 38 0 % 0.14¢
/Instl1 2950 2950 3600 5 0.17¢ 0%
Inst12 1799 1799 151 170 0% 0%
Inst13 11338 11338 2.64 <1 0% 0%
Instl4 9030 9030 1.39 <1 0% 0%
Instl5 2826 2844 3600 145 0.07¢ 0.64¢
Instl6 2398 2398 3600 9 0.54¢ 0%
Instl7 1131 1131 41 <1 0 % 0%
Inst18 7971 7971 3600 51 0.84¢ 0%
Inst19 10463 10463 3600 12 4.73¢ 0%
Inst20 852 852 66 <1 0% 0%

. Inst21 1213 1213 299 345 0% 0%

ke Inst22 7123 7123 3600 4 3.47¢ 0%
Inst23 6122 6101 3600 63 1.08 -0.34
Inst24 4077 4099 3600 237 1.03¢ 0.54¢9
Inst25 5158 5133 3600 281 3.76 -0.48¢
Inst26 732 732 43 45 0% 0%
Inst27 992 1023 96 13 0% 3.13¢
Inst28 6045 6126 3600 287 0.88¢ 1.34¢
Inst29 3904 3748 3600 241 10.91 -4%
Inst30 3416 3288 3600 317 5.50 -3.75
Inst31 1732 1832 10800 314 0.06¢ 2.86¢
Inst32 2198 2210 10800 113 1.91¢ 0.559
/Inst33 9465 3709 10800 121 64.68 -
Inst34 N.S 9564 10800 317
/Inst35 N.S 1610 10800 25

. Inst36 N.S 7480 10800 216

Fe Inst37 N.S 2110 10800 274
Inst38 N.S 17249 10800 305
/Inst39 N.S 3564 10800 709
Inst40 N.S 2629 10800 414
Inst41 N.SO.M 12912 1499 511
Inst42 N.SO.M 1926 <1 619
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In figudld8andi4we can clearly recognize the huge differe

consuming Time betweetb KRETEIoamdth scenarios.
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In figut&andlé6we can clearly distinguish, in both scenari

convergence between (GRABRyaantdso we can visually notice
CPLEX limitations.
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3.6 Failutreests

Note here, dedicrieng phevioesulinsany failurénawaesesurred.
At first, wetarae@ly algorithmamatiowe implement it afteanprovidin
initial solution using A Star method. Results were verygepromisi
instances hbeut we move-stiaebigmstances the TS deviation increas
shown in the following tables.

In these tables, first column shows the instance size, second
obtained objective value in CPLEX and T S defsptdc tiovleilim n $ heh bow
the elapsed runtime in CPLEX and TS respectively and finally w
and TS in columns 6 and 7 respectively.

All instances are defihregtarscéohlamme Wm_An_Hp means that the
woundéldis equath,tohe number of useddasnbqlardctosn and finally f
total number of Hisssegigdaédd to p.

To test the performance of TS we implement different instance:t
Results of large instances with same nueabed.of hospitals ar

In all tables, we consider the following definitions:

C.V: CPLEX Value

TSV: Tabu Search Value

CCPUCPLEX CPU Consuming time.
TSCPU Tabu Search CPU Consuming Time.
C Gap: CPLEX Gap.

TSGap: Tabu Search Gap.

The Deviation in Tabweheasthgigshgs formula

Gap -

In Takllgpart I, I, ama present the numerical restiBBréor @apacite
instances TS provides 30 instances with optimal values in a ver
sec, for the remaining instanceiemMtSsptoviiadres wiffh gap value b
0.12% and 5.4%, CPU processing time was always less than
efficiency of TS.
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TablBsSmall size inBaalhces.

Instance c.v TS V C.CPUse: T?SCGPCL)J C G TSGap
W10_A1l_ 11503 11503 0.03 0 0% 0%
W10_A1l_ 3975 3975 0.31 2 0% 0%
W10_A2_ 2259 2259 1.44 4 0% 0%
W10_A2_ 3595 3595 0.27 0 0% 0%
W10_A3_ 4839 4839 0.67 1 0% 0%
W10_A3_ 1878 1878 1.44 0 0% 0%
W1lil_A1l_ 8904 8904 005 0 0% 0%
W11l_A1l_ 4527 4527 0.05 5 0% 0%
W1l _A2_ 8849 8849 0.8 2 0% 0%
W11l_A2_ 1454 1454 176.52 4 0% 0%
W1l _ A3_ 4741 4741 37.3 5 0% 0%
W11l_A3_ 2037 2037 9.56 5 0% 0%
W1li2_Al_ 11402 11402 0.01 0 0% 0%
W1l2_A1l_ 2613 2613 0.05 5 0% 0%
W1l2_A2_ 7824 7839 64.58 147 0% 0.19%
W1l2_A2_ 3169 3169 19.16 5 0% 0%
W12_A3_ 720 720 0.45 7 0% 0%
W1l2_A3_ 948 950 2.91 21 0% 0.21%
W13_Al_ 16584 16584 0.06 0 0% 0%
W13_Al_ 4304 4304 64.03 28 0% 0%
W13A2_ H 6093 6129 103 72 0% 0.59%
W13_A2_ 838 838 336.47 0 0% 0%
W13_A3_ 4855 4855 4.3 5 0% 0%
W13_A3_ 2352 2352 48.14 60 0% 0%
Wi4_ _Al_ 12156 12156 0.02 116 0% 0%
W14 _Al_ 8596 8596 0.09 2 0% 0%
W1l4_A2_ 1220 1220 0.28 3 0% 0%
W14 _A2_ 2380 2380 0.55 1 0% 0%
W14 _ A3_ 6436 6436 11.69 120 0% 0%
W14 _A3_ 4922 4922 280.98 20 0% 0%
W15_A1l_ 3487 3487 16702 17 0% 0%
W15_A1l_ 9967 9967 0.13 2 0% 0%
W15_A2_ 2325 2325 84.53 154 0% 0%
W15_A2_ 8602 844 8743 147 0.13% 0.14%
W15_A3_ 2950 2950 9871.4 3 3.65% 0%
W15_A3_ 1799 1805 130.71 0 0% 0.33%
W16 _Al_ 21876 21876 0.06 117 0% 0%
W16 _Al_ 10676 10676 0.09 23 0% 0%
W16 _Al_ 11981 11993 0.39 40 0% 0.10%
W16 _A2_ 3749 3792 32968 56 0% 1.15%
W16 _A2_ 2034 2034 65.29 148 0% 0%

W16 _A2_ 4996 5090 7.85 197 0 % 1.88%
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Table
Smadlz énstan deasrltl
Instance c.Vv TS V CCPU TSCPU C Gap TSGap
(sec) (sec)
W16 _ A3_ 9100 9100 23790.: 107 1.84% 0%
W16 A33 1889 1908 662.22 51 0% 1.01%
W16 _ A3_ 1952 1978 4236.1 58 0% 1.33%
W16 _ A4 _ 5465 5465 5.79 s¢ 2 0% 0%
W16 A4 _ 2257 2257 21809.¢ 198 0.53% 0%
W16 A4 _ 743 744 704.67 60 0% 0.13%
W17 Al_ 6104 6104 0.03 4 0% 0.00%
W17 Al_ 1572 15765 0.14 6 0% 0.27%
W17 A1l_ 16827 16827 0.34 2 0% 0%
W17 A2 _ 10687 10702 1007.0 100 0% 0.14%
W17 A2 _ 934 982 31358.: 329 0% 5.14%
W17 A2 _ 4993 5039 59.41 34 0% 0.92%
W17 A3_ 8487 8484 71245 . 5 5.21% -0.04%
W17 A3_ 5897 5900 3457.7 286 0.02% 0.05%
W17 A3_ 3142 3138 3603 3 0.11% -0.13%
W17 A4 _ 2552 2613 528.53 262 0% 2.39%
W17 _ A4 _ 1335 1336 234.66 4 0% 0.07%
W17 _ A4 _ 1709 17009 3600.3 275 1.22% 0%
Wilis8 A1l _ 19570 19570 0.09 53 0% 0%
wis Al_ 12058 12065 1679.5 37 0% 0.06%
W18 A1l_ 2124 2137 0.31 300 0% 0.61%
W18 A2 _ 4947 4947 2.8 8 0% 0%
W18 A2_ 6161 6161 3600.0 333 0.05% 0%
W18 A2 _ 10973 11116 3600.0 352 0.04% 1.30%
W18 A3_ 9428 9454 3600.0 161 0.14% 0.28%
wWi1is8 A3 _ 3018 3138 3601.3 51 0.73% 3.98%
wi1is A4 _ 8172 8170 3600.3 53 4.58% -0.02%
W18 A4 _ 2140 2140 2561.2 0 0% 0%
W18 A4 _ 3078 3131 3600.5 302 1.12% 1.72%
W19 A1l_ 18356 18356 3600.2 27 0.02% 0%
W19 A1l_ 8707 8709 0.27 70 0% 0.02%
W19 Al 1613.9¢ 16179 3600.4 97 0.07% 0.40%
W19 A2 _ 13040 13051 3600.2 88 0.04% 0.08%
W19 A2 _ 12478 12546 3600.0 33 0.03% 0.54%
W19 A2 _ 14044 14044 3600.5 130 1.43% 0%
W19 A3_ 5646 5675 3600.4 242 0.19% 0.51%
W19 A3_ 6092 6164 3601.6 140 0.59% 1.18%
W19 A3_ 7611 7620 3604.5 65 1.18% 0.12%
W19 A4 _ 4201 4201 3600.2 10 4.40% 0%
W19 A4 _ 3076 3039 3601.4 10 2.43% -1.20%
W19 A4 _ 2760 2797 3600.2 250 1.29% 1.34%
W20 Al_ 16816 16816 0.08 387 0% 0%
W20_A1l_ 23487 23487 0.14 99 0% 0%
W20 _A1l_ 2892 2948 0.38 71 0% 1.94%
W20 _A2_ 3497 3499 23.25 24 0% 0.06%
W20 _A2_ 6733 6792 3600.5 195 1.26% 0.88%
W20 _A2_ 8594 8753 3600.0 164 0.02% 1.85%
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Tab le
Small size insRalldttes
CCPU TSCPU

Instance c.v TS V C Gap TSGap
(sec) (sec)
W20 A3_ 10467 10463 3603.5 5 2.52% -0.04%
W20 A3_ 1762 1777 3600.7 54 0.51% 0.85%
W20 A3_ 2384 2413 3600.6 163 0.34% 1.22%
W20 A4 _ 8095 8085 3600.9 376 1.17% -0.12%
W20 A4 _ 6210 6165 3605.2 38 0.81% -0.72%
W2 A4 | 6150 6113 3604.7 94 3.84% -0.60%

Moving now to table 5 with medium antadaBcefsssanee FrbS provide
inefficiemltutions for 6 of them and the davyambgtweahud%vand
18% even with mooersQRmytima.

These instances represent a failure cases for TS regarding our

TabbeMediu®ize Instances

Instance c.v TS V CCPUsec T?sCePcl)J C Gap TSGap
W25 A4 _+ 4344 4733 122073. 390 0.83% 9%
W30_A4_+ 6433 648 31641 329 0.75% 1%
W30_A5_+ 3572 3541 3600.0¢1 111 5.49% -1%
W30_AG6_t+ 3325 3444 3600.0! 108 9.59% 4%
W50_A4_+ 8949 9664 3605.4° 387 1.74% 8 %
W50_A6_t+ 4270 4762 3600.31 245 3.09% 12%
W50_A8_+ 6590 7779 3600.3: 242 21.889 18%
W70_AS5_+ 8867 9866 3600.2: 61 10.709 11.279
W70_A8 N. S 2212 3600.6° 271

W70_A9 _+ N. S 3777 3600.2! 57

W100_A5_ N. S - 3600 -

W100_A8_ N. S - 3600 -

W100_A1l1l0. N. S - 3600 -

W150_ A8 _ N. S - 3602.6! -

W150_A10. N. S - 3600 -

WBHO0_Al12_ N. S - 3600 -

W200_A10. N. S - 9672.5! -

W200_A1l5_ o.M <1

W200_A20_ o.M <1

Thegsesults are graphically shipw@anid9iigures 1
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TS VS CPLEX Deviatit
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After this unprioesisielyavadopetthe hybridization betweenaTS and
small size instance with different characteristhnasmd®.rsWewn in tl
appli@ffd5_$@&n just 5 instances; AY9 2A 0 1H)HheMi(10_A74)HS_SA

was able to provide optimal sagluslsmos thre |IESPY) 1omsemiag t
lower than the one consumed by TS alone. For the 3 remaining |
reach optimaéinywith more wasted CPU consuming time, deviatio
and 27%, while with TS alone the deviation was vidoyengelretweer
that TS alone took more CPU consuming time than TS_SA for a
Wecan cleaohyc|udhaittwasanothfarilure in term of quality and proces
for this type of hybridization

TabbBeCPEHX vs TS _SA
TS C. TSSA

Instance C.V TS \ TSSA CPU CPU CPU C.Ga TSGa TS_:
\Y A.Ga
(sec (sec (sec)
W9_A7_t+ 720 720 720 20 2 9 - - -
W10_A7_ 720 720 720 22 25 15 - - -
W13_A7_ 720 102 780 31 21 826 - 41.7' 8.3Y%
W15_A7_ 780 960 960 43 3282 122 - 23.1' 23.1

W18_A7_ 900 126 114(C 42 1499 175 7.14¢C 40.0' 26.7

We visualize these re0Its in figure
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Figu2® CPLEXbUrs_ $dviation

After thesesfavkurecognize that, for smaBl smpeaanssamecxzwsits quick
but when we mowveize mmigstances, istialm @alatyyl optimum and nee
more time to escape from it. Theshmoibded timinngiimproves TS
results but with more precious timeitwasdekedas svidicd toatiene limite
which is a hard constraint to respect in order to achieve our ob

3.7 Conclusion

In thebaptewe study-lafeeadse of wounded carrying toward h
ambulances throughout a crisis inidhetenasého$ sodapmated Probl
Ambulance Scheduling and ResolUPAS Msasgrbreent treated and
formulated as a binary linear model that minimize the total
ambulances picking up wounded from theoisplida¥si app ltie disnant
effective hybrih@ddumesdtaic algorithm based on tl{@ RPN seadsoh and
offered a methodology that can be adopted to provide an effici
various circumstances. Two scenapnimdothreftreamedthadffered n
has proved his capability of evacuating wounded from their po:
reasonable time

After discussing the obtained results for3b®m.t3 rsc eregpre adiing Deac
the situation, weceaimendhuge importance of choosing between tl
especially with large instances, the choice sdioelgrbeideased
information, especially wounded number and hospitals theoretic
the final deBistilonexact and hybrid versions of algorithms have
tested on randomly generated HASIRAOCes afgorethms provide in
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scenaropdgimal solutions for instances with wounded number u
number up td Boapitals number up to 4. Also, it gives an eff]
instances with more than 70 wounded, 8 ambulances and 4 hos|
execution time, and even when it deals with an instance with 20
and 5 htadpior more, it continues providing feasible solutions in
consuming time which prove its efficiency in term of quality ant

At the end, the results of the proposed hybrid algorithm are cor
with thecexaethod of CPLEX solver. The comparison of the exec
the efficiency of our proposed model; its results show clearly th
optimal solutions within seconasoldtienCPlaE¥Xd onng@uralmodel
proves its efficiency but with more precious time wasted. Howe
exact method decreases as the number of instances grows; it is
number of instances.
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Chaptar A hybrid GRAB® Search approach to sol
integrated problem oinismboatshredauling amndesesou
assignment in the events of multiple disaster zo

4.1 Motivation and Introduction

In this decade, manyrnqgedalasntkers have occurred all over t
and they have caused serious damages to infrastructuré, death
they affect the economic development, suc @84l.n8olne Wa nchnar
earthquake2008, freezing rain disaste¥iiim 2008hedav &dtimtang 20
earthquake M Japad disasterim 20d8aand hailn dYsasteanig
2016, Jiangsu. Especially in July 2016, heavy rain cowitinues to
with severe flood in southern Chiha ad difeos atfre f7ifecbruary
2009 a bushfire occurred in the Atatleaodndcdauisses lot of damag
properties and killed 174 citizens and around 414 wounded with

However, in addition to real disasters, the occurrence of terroi
frequently all over AhleoWwdhlelses agdtactireatedlasehighs, which

cannbe predicted. When it happens, we must act immediately &
make good and efficient decisions as fast as possible in order

Citizen mass casualty ennagtmnare dredaanore important security is
the world since terrorism is not an endemic phH&temeMorl,9899) ar
For example:

0 Oklahoma Cityianadélpril 19, 1995, The Alfred P.lMimrgah Fec
in Oklahoma City was partially destroyed by a terrorist
sustained by 759 people, 168 of whom died. Most wounde
local medical centers by private vehicles within 2 hours.
survivors vaesgpérted by ambulances.

o Tripoli attack inxlebamen23rd of august 2013 the terror co
city. Two mosques were hit by 2 cars bomb who have expl
minutes of time, this caused the death of 87 inijtuzesds and
people with more than 150 in a critical condition.

0d Sinai attack "ThOmgWmtvember 24, 2017, a mosque in northe
attacked by an armed group that caused 305 deaths (includ
injuries in a relativelyhsomd|lbhmgeeso @mnadp far from hospitals.
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Evacuation is one of the most important activities in disaster r¢
chaptiesr to propose a methodology that (¢ ARAT{I dietretdiminres
which ambulance should sezveevanadhtcaimssport some or all of its
to a specific hospital. Our main target is to minimize the total tr
ambulances between disaster zones amedd hoes pitalsmontaliderrade
the minimum. Awefidsdsigneithtéelggated problem of ambulance n
scheduling and resourc@® AMSiRAcals a binary linear program
then, in a subsequent step, we presented a mathematical model
and Cut resolutionElkedkeve€C.PEecondly, due to the computational
such complicated problems, we proposed a hybrid algorithm the
metaheuristetisods in term of both resolution time and effect
algorithm counts on the alternation between two &8 FPhms: T:
proced @R ASPS.

4.2 Mission

The purpose of this study is revealed by progomietdhach evac
that only depends on ambulances. Moreover, we propose a
hybridization between two metaheuristic nm@ o3 Tdemd ®etdrch
such complex cases where we have multiple dispersedtdisaster
hospitals, our mission is to reduce the overall wounded s transy
locations to hospitals in order to reduce the overall mortality r.

The aim ofchhlhpstesr to provide the best ambulance scheduling
resogisc assignment process, it determines for each ambulance
sequence of missions to follow. Each mission is characterized
performed where each task has its own predefined wounded nurt
lacations.

4.3 Problem description and mathematical modelling
This case of study is described as follow:

Inlargecateisis, we have many wounded djiscasgzanians s &WersaHould
transport them as fast as possible to th@espargles .wiouhaetd dum ke
and to the hospitals limited capacities, we are forced to distl
hospitals.
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4.4 Problem description

We are concerned in studying inside a crisis management protk
wounded evacuatithre nehare many groups of wounded and we hav
disaster zomesodpitals sitdgsamvbuHances E)guWwee deal with the
Integrated Problem of Ambulance Missions Scheduling and
IPAMSRwWhere the resossagsire heospitals and Bmebgiamaesn is
described as follow:

We have a limited number of distant disaster zonesonsseveral &
ambulatory center and several hospitals geographically distan
ambulaoan serve several disaster zones locWeaed mme itttsecgpnveupge
ofambulance namdbeciated disgshesmuabbers and wounded numbe
asan entity, inteactipe whole transportation prollbsmvesalisided ir
problems where-praockhhesmbis an entity. Solving the whole problem
solve one entity. The same strategy applies on all others entiti

We consider two different scenarios of the (IPAMSRA). In the
IPAMSRWsing hospital capacity constrainbnewd imemlberesebhand
constraint, in other term, we consider that all hospitals have ar

\\\ / \
//

(2}
I

Ambulatdenter

Figu2éAmbulawciesis ztowespital assignment methodology
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Assumption

Some assunspitoohd be respected

€ The total number of disaster zmomers jnweaanll edd smster zone
ambulances number are already known in advance.

€ We will assume that the total number of ambulances to
transportation purpose is less than the total number of
limit the ambulanygetcagpmee wounded at a time (Standard c

€ Each hodpisabblesdove a finite nafmbverunded and has the
ability to treat all kind of injuries

€ All disasters zones are distant from each other.

€ We will not consider the wasted time spent by th
Loading/Unloading wounaeatifommoitsospital.

€ We will assume that the best paths are always used by a

€ Each disaster zone is considered like a round field with s
a finite number of wounded.

Generally,wowaicided is associated to omstimenmhcal dsadirvided i1
four categories:

1.Critical injury
2.Severe injury
3.Moderate injury
4.Slight injury

When the injuries are classified as critical or severe, it mesa
and provide help to wounded as fast astipoigsibdesinUsndaellyt,oirk
these two cases the wounded maximum allowed waiting time i
thathe injuweld be most probably dead. Taarteacdc € ueotadathte
complexity of our proponsesdh puiocdb bedopt o edfitcadgorithm that i
capable to solve such complex problems and can quickly pr
within a small processing time which will not Encaeeldizthe 10
our goal, we propose a-ipbudSca&Rga8mthmwiHhtoe detailed in
sectiéne

To prove that our WRE€Cmlmmlgseeonsider a specific instance whe
sinister zone contains only one single wounded, in this case
the Vehicle Routiny FRrglénmc{ ivrkrass -Gpmplete problem.
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4.5 Mathematical Formulation

{ , ,&, }isthe setof usetlospitals where |H m,
{ , .,&, }isthe setoSinister zonesvhere|S|=n,
{ , ,&, }isthe set oAmbulances where |Ak,

: Theoreticalcapacity of hepital , it is themaximumnumber of woundethat hospital

canhandleat the beginning of the operati@re 1, 2, ,,, m),

( , ) Matrix used to specify the total time spent in transporting all wounded belonging to zone
stoward hospiteh” ( } )" SxH

: The timespent in accomplishing all of missions belonging to ambularica” A
G: A sufficiently large number

: Set of wounded in sinister zosavhere |P| is the total wounded number in all disaster
zones.

H
S
A

We defime ftollowing binary integer variables

< - 1 if ambulamceexves ztomweards hosp
before servingtawaeds hospital

L . 0 if else

1 if ambulancies @ffected to hospite
zong

O if else

Our main goal is to minimize the total time spent to serve all disac

: The finish time of the lastafosssgneilhgyahieclast group of wounde
last disagosndn other term, the operation termination date named m

Using the previous notation, solving our problem is equivalent to
linear model:

Min

Subject to:

Ty (Ll T(1)T SxHTa A @)
C.OC )

Ty (Ll (1) sxHTal A @
C.y 0

Oy x (L )T x (L )y )T s2xH2 (3)
T yd ) " h" H (4)
" (=1 " A (5)
=10 s s ©)
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='E,;:: 2 ) "oy ol (¥ iy yx (o ma A (D
Cod ok Co ) mat Ay () )" S2xH2 (8)
().
SO Co e ) at A () )" S H2 9)
().
© "a A (10)

Constraints (1) means thét)eplthsmisgmostuonessor, constraint
(2) ensure that ealch madgsibtnat most one predecessor. Cons
ensures the stream conservation, if a mission has a predece
successor.

Constraint (4) guarantees thatf ttranspaltredmbeunded to each h
should not exceed its maximum capacity. Constraint (5) ensu
(Q P made by each ambulance had exactly one predecesso
Constraint (6) ensures that the totdlewohbhngdieds harmbere shoul
transported to hospitals with the fleet of ambulances. Constr
the end of transporting time for all wounded served by an
accomplishing all of its missions. Camsetraiimdsng8¢oastra(in):
between variable A and variable x. Constraint (10) is used 't
which is the time spent by the last mission ending.

According to crisis degree, the problem can be considered \
constra4nt Generally, in a major disaster, the number of inju
total hospapéasitiredhis case the capacity constraint should b
according to situation especially when the total wounded nun
isolwer than the total capacity of all hospitals, it is more c
capacity constraint imghi@ miodlerl to propose an adequate solut

4,6 Resolution methods

We describe in this section the adopté€d b EEr ifld3)s which
and (8P S), after that we discuss their hybridization and tr
problem.

4.6. 6RASIFS

At first, we initialize some parameters such as the routing tir
ambulances, hospitals and #féebgszetsapyEBRAIProcedure

to construct a feasidteeaohuiienation, we treat the selected zc
or all of its related wounded and we select randomly one of
one of the ambNExtaeishin the same iterdait@enthwedugptances

between the sinister zone and the selected ambulance, the

number of remaining wounded inside that sinister zone. The
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sinister zone. After we finish the treatment etkalilf sheaster
constructed solution is better than all of the, imrtdheious co
affirmatdtase we save it as the best solution, after that we
randomized procedure relatedepauvaibleadgasnaanid agahre unti
predefined total iteration nuvAhhbrsip aeacthesd algorithm is term
and the best solution found is returned.

Before starting the Tabu Search procedure, Owehdegfiwella neg
not affect the best solwtidoaumpde@BRASIP The neighborhood

construction will be detailed in the next subsection. At the
required parameters such as Tabu list size, current solutio
number of the allowed successiDeeimariati omesgwtieeeare initiali
Then we start the iterations of our algorithm. In the begin
process, we define the maximum iterations number and we
neighbor value because it will not affect bhreirmesodvso ltintd ona
foundWe wuse the number of successive unimproved ite
intensification/diversification criterion,. Ahdacbktotepatgoorite
neighborhood of the current solutilome isumdrestrottedccessiy
unimproved iterations determines the number of the created
current iterlateoactual solution is switched by the best neighb¢
does not exist in the Tabu list. Moreover, in the cafe where |
besdxplored solution, it will be the best solution explored ar
the Tabu list. When the maximal size of Tabu list is reache
removed. In addition, once the number of successownies negati\
is equal to a fixed inbgger deendtellu Search is terminated an
solution is returned. Successively, the process of neighborho

The neighborhood of each solution tothartea dsffdirendte dvehl
constructed sub neightleoradopte.d Tmethod in the first neigh
construction consists in selecting a hospital at first then at
a new one anihagilpeliat current capacities without violating b
capacities. For thenseghha@oHdubdonstruction we select an ambul
we apply the same strategy as the first one but only on th
hospitadounded and sinisrtdr fzoaléy for the third sub neighl
construction, we select a sinistee amal muenbetltyodpwaunded to
transported without violating hospital capacity and with r
cardinality
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4.6.8ybrid Algorithm

In thsectiowe show the adaptation of these two algorithms w
Hybrid algorithms anad poipdelgrapplied due to their efficiency
classic -medaistiHyd.rid methods have been widely relied on to
probleMBe main reason to use hybridization is to avoid falli
especially the stagnatabmo ptmch@pylmridization is characterized
convergence speed to numapdiciidduessliteffectiveguithd
processing time spent in calculating an optimal s¥lattion or
in many cases, metaheuatestdscsomrecaconvergence problems i
problems to opRecdnitfyccooperasitoncturesween metaheuristics
and exact appsolbebeming more and more adoBiedapbylyesgarct
these strategies, we benefigdsoof bhodhadymeasaof methods and
them to find efficient solutions.

In literature, we have found many hybridization strategies bu
two types of them. The first type of hybridization counts on
or htreading, its technigue depends on the exploitation of co
from the cooplkeawieamany mbeairisprocessexartthdaunched in
parallel. The second type is the sequential hybridization, it
alternaesween two or mlhearmetas and on the cooperation bet\
such as the communication amonighsositeapaggnoéteres.offered h
algorishmonsists in a sequential hgPrigbabgoontheof (2% d
proced(UCES)rfohe firsanadnesequential hybriddRaAEaHy ofithm
andT3proced(GRRAIGK) for the secomd{&®RASKE approach is
based on restarting the Tabu Search from different initia
generateg@ PAI®Igorithwmhile thleS{Cconsilagsnamimtsy procedure
from the initial solution constructed with CPLEX.
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We describe oufGWwWA&SBRIgorithm with the

integrated Tabu
procedure in the followamg3¥igures 2

Initialtizon
kéR 1

rl

Seler@ndomlyodnde
nearegisis zones |

+_I

Select randomly one

H

NO
Select randomly on
nearesaspitals

+_1

Select randomulgber of injured
from the selected crisis

+_|

Update capacity of selected

NO Update the numt_)er of injured to
crisis zone

Uplate distances between selantied ambula
crisis zone

Are all 1
re in curveautnded
securec

ce

If current sodutedttiemprevioswdutio
save currenibsods the best so|¢tion

koB k + 1

Yes

| > Return best so

FiguR@GRASP procedure
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Generate initial solutiqe

+_1

Initialize csworinetmon and
solution by initial sqlution
Initialize search parameters

IR 1
ZoR 1

’

— Neighborhood constr

rl

Selection of best non T NO Return be

| solution

Update current soluti ’I
solution and Tabu
YES

rl

If the best solutiod is

B8R0 eldHBI1+ 1

BRZ +1

1
. ]

Figu28 GRASPBrdcedure

Note here thatdabweotvdl (Max ),K_(Max ) and Z_(Max )are subjec
depending on the instances size. We présemd valtulees mdéxtheskel
iterations according to instances size.

Tablle Parameter's values

Family Ky In Zy
F1 10000 1000 1000
F2 500000 2000 3000
F3 1000000 3000 5000

4.7 Experimental results and Discussions

All algorithms are codeNewBthad®AWA2 programming languat
Windows 8.1 pro using Toslildd,S2atke |Gl @od 16 GB of RAM witt
SSD Hard disk and 2GB AMD RADEON dedicated VGA. These re
those obtained by CPLEX V12.71 running on the same machine.
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Instances are divided in three families F1, E2sawdth & rFfumdcenta

of injuvadiamtstweBan®00 woundambulances variant befween 5 .

hospitals variant between 2 and 5, sinistelF 2v apiratrati rhse iwekean Qe a

0f300 tHH woundedbulances variant betwbepi3@lanwdri@nt betweerl

6 and 8, sinister variant bahweld i dahd L@&mily that contains in

more thi@h woungdeld ambulances, 8 hospitals.ahe oheveatitoan 1°

between CPLEX solution and the soluteoithgnviesn cay chuybted aly:
Gap VH:(:..V(..

V.H.AValue given by Hybrid Algorithm

V.C:Value given by CPLEX

Starting with the proposed GRABPYIgorithinfamily, we limit the
execution time for 3 min maximum then for famslyim2tettheoprvoce
minutersaximum and finally when we move to the third family F3
fixed Bonilnutesaximum.

Meanwhile, for CPLEX, we limit the CPU consuming time for 1
size instances (Families wileanweF@)vbutto the big size instance
F3), the execution time is fixed for a maximum of 3 hours of co

In this paper, we compute the consumed time spent by each amt
of its miswnoitiseir end.imbetlhat we intend to reduce is the total t
the latest ambulance mission.

Detailed results are given in two tables and graphically shown

First scenario: Instances with hospitals capacities

o Tabss.
Second scenarces Iwstttacwut hospitals capacities
o Tabs$aO

For tal®leersd Owe define the following properties

Family descrigrtijmample, Instance name Pd_Ak_Hm_Sn mear
number of wounded Pdisheqguamber of used ambulakces A is
the total number of hospitals Hnanmd sfenesllgqualdtermine t
total number of sinishaits zeoqessl $o

Columns descTipdidnr:st column dheoowidyaimethe second one
shows itthetanceThizehifrduhtand ftflones show the obtained obje:
value in sewothm@®LEX and shydlrgdrithenspectivelgjixthe
sevendahckightcolumns show the consuming CPU runtime, in
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CPLEX and é$nesmpdctively and finally weéasbowapefaralRLEX
and hybrid in &qltbndslrespectively.

To test the perforf®@BA&IPSQgie implement different instances wi
problem sizes, results of large instances with same number of |

Note here thatewimdend to use hospitals with capathtiggigaie assu
capacitci@s cover the total numbexomfingofrodse dablter szlome
additiowe should mention here that the distribution of wounded
is totablydomized.

In talBlwe determine for each family, the hospitals in service an
for each one of them.

TabBeHospitals available capacities

Family H1 H2 H3 H4 H5 H6 H7
F1 42 48 35 50 95
F2 42 48 35 50 95 365 280
F3 142 148 135 150 295 265 280

Note here that the deviation between CPLEX solutmeasuaed;hybr]
when negative it means that the hybrid generated solution bette
generated by CPLEX due poomessonyg d¢ime limitation.

Tabk®andOshows results for a sample of théFdenke2adaddds)tance
for simulation assessments. Note that at the beginning of the s
for each instance three otherceasatmetWieendisdspitals and sinister
distances between ambulances and sinister zones and the woun
zone.

For F1 family we limit CPLEX CPU consuming aimleF&nB00 secs
the CPU consuming ltnmeedao 10800 secs.

In tabdeVNe examine three families of instances Fl;sé&®2emand F3
instances CPLEX provides optimal solutions for just three of tl
worst gap calculated for the remainidgtondtameds masn igpne ¢
(W400_A40_H7 _S3) and the best gap attained 0.2% in instance

To evaluate the solution quality for the hiy®yjidvalgeaiibhen t(lGRAK
F1 family, it produced for instance (W20\alAé&5ridgided) hiieCPdrie
in 1 minute of CPU processing time. For the remaining instanc
limited to 3600 secs, the deviation between CPLEX produced so
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by (GRATSSP varies between (0.14%) witAlBhsHdnce3(VWADA5(3.99%
with instance (W150_Al1l5 H4 S3). For F2 family, the processin
secs, none of the instances produced by CPLEX were optimal. T
solutions and solutions given by hybeedhlaBpBobittwimthisnkedwce
(W400_A40_H7_S3) and 8.69% with instance (W500_A50_H7_S
(W450_A40_H7_S5), (W500_A50_H7_S7) and (W550_A50_H7_S7
calculated gap is less than 6 %. The calculatred rg@ap efotn vidhlgs e
6.83%, 8.69% and 8.87%.

Hence, for F3 family, the CPLEX gaps for instances (
(W600_A50_H7_S3), (W700_A45 _H6_S5), (W900_A50_H6_S4),
(W1000_A45 H6_S5) and (W1000_A50 _H7 _S7) are re%pectively
3.51%, 6.8%, 7.52% and 5.15%. However, for instance (W800 _
unable to deliver feasible solution after 10800 secs of CPU co
out of memory message. In the meantime, and for the san
(W80M®40_H7_S3), our hybrid algorithm provides efficient solut
between (2.11%) and (7.52%) in less than or equal to 10 minute
Moreover, it continues providing feasible solution for instance
begond in less than 10 minutes of CPU consuming time.

Note here that when the deviation between CPLEX solutions
negative, it means that the hybrid generated solution is better
generated by CPLEX due poomessonyg d¢ime limitation.
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TabBeCPLEX vs C.TST@sitBRcAaPRCcity constraint.

GRASI

Instance ID C V (s GR(QfC c(:sgs)l TS CP C GAI GZ’:?:

(sec)
W50_A5_H2_ 10124 10146 <1l 31 0.00% 0.22%
W75_A5_H2_¢ 8393 8489 <1 36 0.00% 1.14%
W100_A10_H3 3659 3714 <1 43 0.00% 1.50%
W125_A10_HA4 5825 6009 3600 294 0.23% 3.16%
F1 W125_A15_H4 4371 4377 3600 38 2.21% 0.14%
W150_A10_HA14 9537 9829 3600 550 0.36% 3.06%
W150_A15_HA4 8395 8730 3600 350 0.33% 3.99%
W200_A15_HE 8878 8878 3600 61 0.20% 0.00%
W200_A20_HE 8906 9072 3600 233 2.08% 1.86%
W300_A35_HE 3458 3501 1080C 289 5.23% 1.24%
W300_A30_HE 4296 4513 1080C 276 2.47% 5.05%
W350_A35_HE 3377 3483 1080C 600 0.3% 3.14%
W400_A35_HE 5767 5960 1080C 327 1.27% 3.35%
W400_A40_H7 2400 2368 1080C 503 10.04' -1.33%
F2 W450_A40_HE 8775 9126 1080C 600 2.68% 4.00%
W450_A40_H7 5238 5596 1080C 519 3.57% 6.83%
W500_A50_H7 4478 4867 1080¢C 600 3.82% 8.69%
W550_A45_H7 4908 5179 1080¢C 600 8.96% 5.52%
W550_A50_H7 6529 7108 1080C 600 3.09% 8.87%
W600_A35_HE 7803 8062 1080¢C 600 0.86% 3.32%
WG600_A50_H7 8003 8172 1080¢C 600 3.79% 2.11%
W700_A45_HE 2434 2531 1080¢C 600 0.45% 3.99%

WB800_AHMWJT_S: N.SO.M 11539 3413 600
F3 WO900_A50_HE 9099 9418 1080¢C 600 2.59% 3.51%
WO900_AS50_H7 3557 3799 1080C 600 7.20% 6.80%
W1000_A45_H 5170 5559 1080¢C 600 1.95% 7.52%
W1000_A50_H 11187 11763 1080¢C 600 2.37% 5.15%

In the nextlfateleextant for the same instances,-dapardsaties of th
version of (IPAMSRA).

From twesdyen instances, CPLEX was able to provide optima
instances: (W50_A5_H2_S2), (W75_A5_H2_S2), (W1
(W150_A10 _H4 S@B)AZW3I6 _S2) and (W350_A35 H6_S2) in a re
less than 4 minutes. The Gap for all remaining instances val
instance (W600_A35 H6_S3) and (11.16%) for instance (W900 _.
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Regarding our hybrid algorithmaphiemn cdhkcuwatetl case was (8.7¢
instance (W500_A50_HZYX.ISI®p) dod ihstance (W900_A50 _H7 _S7)
case.

Starting with instances of Flfamily, the CPLEX gap is between
instances were optimal, 3vefnthrehessset@dagn 1 minute and the rem
was given in less than 3 minutes, instances (W125 A10_H4 _S
(W150_A15 H4 _S3), (W200_Al1l5 H5_S4) and (W200_A20_H5_
optimality after a fixed processingatgme efjualsoto WOtB9%), (7.
(0.91%), (1.07%) and (1.7%) respectively. With the hybrid alg
instances, none was bopdiamd¥,Fo5 A15 H4 S3) the hybrid alg
produces a lower value than CP-DEQ#ntHesgdpanf 3§ minutes. Fo
remaining instances (W50_A5 H2 S2), (W75_A5 H2_ S2),
(W125_A10_H4 _S3), (W125_A15_H4_S3), (W150_Al1l5 _H4_S3), (
(W200_A20_H5_S4) the deviation given by the hyb#7i@9d%3glgorithn
(2.71%), (1.84%), (3.12%), (4.07%), (3.73%), (4.76%) and (4.5
less than 250 secs.

Continuing with F2 family, instance (W300_A35 _H6_S2) and (W
solved optimally by CPLEX in less thamnoh2ifeswe® rarCdP tHeX dsovliat i
and the solution given by hybrid algorithm is equal to (2.69%) a
For all instances except for instances (W500_A50_H7_S7), (
(W550_A50_H7 _S7) where the deviatiod.dsA%quant dtq 8(.8.5B Y ) w ér
given in less than 7 minutes. For instances (W300_A30_HG6_S
(W400 _A40 _H7_S3), (W450_A40 H6_S4) and (W450 _A40 _H7_5
between (2.26%) and (8.79%). The deviation betwexrmgivltesnse sol
by hybrid algorithm is between (1.62%) and (5.92%).

Ending with F3 Family, from a total of 8 instances, six feasible
CPLEX. The CPLEX gap, in instances (W600_A35 H6_S3),
(W700_A45_H6_S5), (W8B80, AW®OKB7AS0O_H6_S4) and (W900_AS50
were equal to (0.77%), (5.6%), (3.99%), (0.98%), (3.12%) and
these instancesl 6G PA&WPides efficient solution withlgap%Whalues |
and (7.11%) in less thaoep@ toimutesaege (W700_A45 _HG6_S5) whi
in exactly 10 minutes. For the remaining instances (W10
(W1000_A50_H7_S7) No -OéMwetimary Omtessage was returned by
after 10800 secs of CPU processifigiomeinTdhe SRASHNg feasi
solutions in a reasonable time which can clearly demonstrat
(GRAYGRKE) was more efficient than CPLEX in term of quality and
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TableDCPLEX C.ISSGRATSS®Without capacity constraint.

Instance ID C V (s GR(Q_ZFC ' C CPU ( ?SRACSF C GA GI(?B,;—SFF)E

(sec)
W50_A5_H2_ 9968 10146 <1l 25 0.00% 1.79%
W75_A5_H2_ 6044 6208 <1l 37 0.00% 2.71%
W100_A10_H3 2874 2927 222 57 0.00 1.8%
W125_A10_HA4 5617 5792 3600 207 0.99¢% 3.12%
F1 W125_A15_HA4 1799 1784 3600 156 7.39%9 -0.83%
W150_A10_HA4 6362 6621 102.13 41 0.00% 4.07%
W150_A15_HA4 7021 7283 3600 249 0.91% 3.73%
W200_A1l5_HS5 3109 3257 3600 216 1.079 4.76%
W200_ARD_S4 8138 8510 3600 124 1.709 4.57%
W300_A35_HE6E 1115 1145 4.14 148 0.00% 2.69%
W300_A30_HG6 4186 4378 10800 228 2.63% 4.59%
W350_A35_HE6E 2000 2014 15 116 0.00% 0.70%
W400_A35_HG6 2594 2636 10800 332 8.79% 1.62%
W400_A40_H7 1402 185 10800 365 3.31¢% 5.92%
F2 W450_A40_HEGE 7738 8046 10800 412 2.26Y% 3.98%
W450_A40_H~" 3906 4102 10800 396 4.87Y 5.02%
W500_AS50_H7 2084 2267 10800 600 8.549% 8.78%
W550_A45_H7 3080 3309 10800 552 2.27Y  7.44%
W550_A50_H7 4748 5135 10800 600 5.339 8.15%
W600_A35_HG6 9037 9368 10800 447 0.779 3.66%
W600_AS50_H7 2926 3133 10800 501 5.60% 7.07%
W700_A45_HE6E 7571 8109 10800 600 3.99¢% 7.11%
W800_A40_H7 9236 9658 10800 533 0.98Y 4.57%
F3 W900_AS50_HE6E 6790 7186 10800 575 3.12¢% 583%
W900_A50_H7 3162 3127 10800 568 11.16 1.11%

W1000_A45_H N.-8.M 4851 1640.4°¢ 600

W1000_A50_H N.®.M 4488 <1 600

Detailed results are graphically shown in four flow charts.

€ First scenario: Instances withshospitals capacitie
o Figurzisan.
€ Second scenario: Instances without hospitals capacities

o Figur2esand.
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4.8 Conclusion

Thishaptiemrvestigapeéisnization models for emergency evacua
the case of sudden disaster. It develops a binary linear model a
the (IPAMSR®&t) minimize the total time spent by routing ambul
wounded from their locations to distant hospitals in the even
evacuation problem in an emergency response. A mathematic
(GRAGR) approareh applied to numerous situations with a sef
generated instances under various circumstances to examin
mathematical model was solved using CPLEX solver in order t
solutions produced by SWE)d QGRMain concern is to minimize
transporting time of wounded coming from multiple disaster z
hospitals sites. Two scenarios were treated. For both of them
capability of evacuatinghiwmouenascdhabile time. Another proof of it
iIs its high speed in gensmodtuitignefficient

By solving our model using the exact method CPLEX, we can val
by our hybrid algorithms.

Both exact and hybridahgeorrstbimss dfave been extensively tested
generated instances of the (IPAMSRA). With F1 adad&d)F2 fam
algorithm providesdaenboddbicient solutions in a reasonable proc
Ending with F3 family, (pRbaEiXesolfearsible solutions for some i
10800 secs, but for the remaining instances, and due to Mel
limitation, no solutions were providedl SMecaoomwimbe s(@RAI&Iing,
both scenarios, efficiehrdssoflaimmg egual to 10 min of CPU cons
which prove its efficiency in term of quality and processing tim

After discussing the generated results for both scenarios, and b
notice the huge importance eérchbesengwimeswenarios especially
comes to large instances size. The choice s$idelgprbeidedsed
information, especially wounded number and hospitals theoretic
the final decision. Our alg-dS)hmro\aBRAS Asic encatthieof$icient
solutions for instances, with a wounded number exceeding 1000
number, over 7 hospitals and sinister number beyond 7 in le
consuming time.

At the end, the achtievefdthesproposed algorithm were compare
produced by the exact method of CPLEX solver. The evaluatio
ilfustrates the efficiency of our proposed model for big size ins
we can confirmsthaéfitl and able to generate efficient solutions
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Regarding CPLEX, it is efficient only with small instances due
that it takes. Accordingly, our proposed HyD)iik abgarsthfror( &SRAI
aml misize instances and more suitable in term of quality and ex
instances.
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In this ,peertpre demag@ifferent approaches to deal with wounded eve
crisis management, ihwaditfigerenttecdopahieodirst two approaches

In the same occasion, we sdhpmw isaher faollmerodftimgtaheuristics
algoritlhumed to solve the wounded transportation problem
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Conclusion

Conclusion

In the intervention of a suddenacn aisgoa atioaspdays a critical rc
in affecting, directing and orienting all rescue procedures and

Our research work fits into the vast field of digital optimizatior
Within a crisis management logisteqeir@isn thbdisothteshsition of se
optimizapromlesusthe/ehicRooutinmpl?Plem (VRP) with capacity (CVRI
the vehicles scheduling problem (VSP). These two problems are
complexity-aarNP

The scientifixchppfrour study is based on the combination betw
(V.S.P). We investigated the Integrated Vehicle Sequencing .
Problem (IPASRA) to address the problem of transporting the w

At the beginwmengtartedirsttpart of the thesis by a state of the ar
chajhhe different resolutioinedtriantd gtiexsmdutiee conceptual framewc
of our research, as well as the most popular algorithms used
optimizationeprpo then we justified ohue adopkesddiition methods

whether at the conceptual level or in the application of res
mentioned

Then, in the second part of our thesis, we introdAmdd ltthrecentegr
SchailingndResources Assignwmeumnded (IPAS®A)Xwd, created
instances inspired b¥yrreali cas@cké in a0thz kL ani2015, and alsa
many other crises around the world).

Inafirst place, we have developedl|tmodre bs ha&dagptied to the dif1
temporary situations already built. In a second place, we pr«
algorithms that are both fast and efficient. In the third chapter
in the case where the wounded aesigeparasteveral distant locatio
will transport them to several hospitals as far away as possible
we generalized the (IPASRA) and introduced an integrated s
ambulance missions andarteso ulCA BB A )problem is applied in c
where the wounded are grouped together in several remote are
is assigned a-gedupfssafowounded transport missions to a target
distant areads sdicoad until all wounded, in allsaftferses d caoreas, a
as possWedestutdwo real resolution scenarios: the first scenario

witHimited casualty service capacity and the second scenario «
andoasiders that all hospitals must receive the total number of
The choice between these two scenarios is based on the inform
agents on site, this information must specifythtdhie pasgkier of
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locations and the number of hospitals with their capacities, whe
exceeds the capacity of all combined hospitals, the second sce

Finally, we pdesenhe fifth atlihprtdergapproach in the prpmeas of de
for the resolution of our problem where wepimitegcbdedthabedinrcgr
in our research methodology. At the bewoumidhgdo weirex xlaie rtilae

them,epass to the numerical resolution alweansrilte zradi da skeat vo@eth
(GRASP) and (TS) but with adaptation of the program already o

Perspectives

In this thesis, we have already startedesvoliukinog wa pthrcea ahewh a
depends on creating virtual groups ahgwoeuededt boetoreo sesist.

For future work, we believe that there is a need for further imp
1.Developing -hewmetstic approach to solve the multi priority g
2. Addingndamic hospital capacity.
3.Implementing the use of firefighter truck.

4. Implemeaegtithe notion of wounded urgency and transportatio:
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Conclusion

Dans | intervention d une crise ou d un désastre soudain, |
un role esgeintifflecte, dirige et oriente toutes les procsdures et

Notre travail de recherche s encadre dans le domaine vaste de
la recherche opérAtimsrenelteune chaine logistiqgue ateaegelsdben de
nécesdeatecontributeoplusipuobléendes recherchenallia@tisurtout le
probléme&ournées de véWi®RuPe)sen panmtveglicapalCiVeR.P) et le
probléderdonnancemenéthicMeS. s deux prosoemelassifiés dans
la théorie de la complexhtd.dcomme NP

La démarcheigoaieerdtef notre étude est basée sur la combinaison
(V.S.P). Nousétanddléesprobleme indébogdoonnancemegthidelets

d allocation de ressourpesr(bBRBASIRA)la résolution du probléme -
blessés.

Tout d abord, nous avodanleao mmeernecée partiephainaétdhe deart

sur la chaine logestidjideéerdntes deraé¢dgiasion et le cadre concep
notre rechaiole fei® algorithmepdpalplusbispgour la résolution de
notreerobléme d optipus@rajarstéhiotre choimxétreodersédelution que

ce soit au anonweapoweldans | application de méthdeé¢sd didéreec.hercl

Ensuite, ldaseconde partie de noariemttbdde, poobleme intégré
d ordonnancement des véhicules et d allocati¢gihP ASKR@Agisssources
on a cddééd instances despia&eséels (les attaqueslas ptaaipues d61
TripolLiban en 2012 etawcssupdd hatre crises autour du monde

Dans un premirdould eavbénseloppés deux modeles mathématiques
différentes situations provisoiDesndéjn sengmda itisemvons propose
des algorithmes de résolgtipmomtyldrilhesois rapides et efficact
troisieme chapitre, dhPASRA) & das |ebtassodistbgpssed résident

dans plusieurs locatiehsomishahéesstramgspbuseaurs hopitaux aus:
distahdsplue pidssphlies dans le quatrieme chapitr@PASReEgenéralis
on a introduit un probléme intégré d ordonnancement des mis
d allocation des ressourc€e ([PoAMEBRAEst appliqudedsabbebes &as
sontgmn@upés ensembles dans plusieyaschageg @imbaltaemcetest aff
un ensemble de missions degirangeo®rdedblesesé&s vers un hoépital
dans une location awdssaideitdrteuite jusqu a ceégaatsdotassies ble
les zones sigbgtraaspoldémslus tot pddesulxlescéméerlisrésolution
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Conclusion

se présentlenpremier scénario considére gue tes clhapmidatgx dEos ¢
service de blessés |imité et le serdhna cecrRtraindeé BEmcoasidére gl
les hdépitaux doivent recevoir tlewstsgsinomhbrardierént. Le choix e
ces deux scénarios se base sur léssimfpemsastiontriecmssen sit
informations doivent préeiderble ds@msdbelocations physigombre

des hopitaux avec leurs capacités, quand le nombre de blessé:
les hépitdurmi®n a recours a adopter le second scénario.

Enfimous présendans le cinquiémeneharmisiéme agup rooocthre d e
développepoanrtia résolution de notre probleme ounuagrtégre le
pointlans notre méthodologie de recherche. Au début, nous ex|
groupage enspaead, lanréomutimérique entse jbaasnlt hybridation
entrGRAJPH(TImais avec adaptation du programme déja offert.

Perspectives

Dans cette these, nous avons déja commencé a travailler avec
résolution qui consistg@raupreeservidessels de blessés avant de c¢
processus d'évacuation.

Pour les travaux futurs, nous pensons qu il est nécessaire d ap
en:

l1.Dévelampune approcheéreméitatique pour résoudre les group
priorirteas

2. Ajoamtune capacité hospitaliere dynamique.

3.Mettaemm Suvre la notion d'urgence des blessés et de priorit
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