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RESUME

Dans le cadre des contraintes économiques et d@dgtiéns démographiques auxquelles doit
faire face le secteur de la santé, 'HospitalisaadDomicile (HAD) qui a été créée il y a une
soixantaine d’années s’est largement développéEramce durant cette derniere décennie.
L'objectif principal de cette alternative a I'hosglisation compléte est de raccourcir les
séjours hospitaliers voire méme de les éviter endeuremédier a I'engorgement des hopitaux
tout en améliorant les conditions de vie des ptdiddans ce travail de recherche, nous nous
intéressons a la gestion des opérations dangleswses d’HAD.

Dans la premiére partie, nous développons une smalyalitative de la gestion des opérations
dans les établissements d’HAD. De facon plus dé&ilnous identifions les différents
facteurs de complexité auxquels la gestion desatipés fait face dans ce type de structures.
Nous présentons ensuite les travaux existants lddr&rature qui s’'intéressent a la gestion
des opérations dans les HADs. Sur la base de sg@ttbese, nous identifions les pistes de
recherche, intéressantes d’'un point de vue ordgdonsel mais qui n‘ont pas encore été
traitées dans la littérature.

Dans la deuxieme partie, nous nous intéressonspéol@dématique de partitionnement des
eéquipes soignantes dans le cadre des activités dHéiz Nous commencons d’abord par
proposer deux modeles de partitionnement prenacbmpte un ensemble de critéres tels que
élémentaires. Nous présentons également quelqpésitakions possibles de ces modeles et
proposons deux extensions a la formulation de bgges avoir formulé le probléme avec
une approche statiqgue, nous développons égalemmenextension dynamique qui permet
d’intégrer les différentes variations pouvant &bservées dans l'activité d’'une HAD d’une
période a l'autre. Nous introduisons un nouveatemide partitionnement qui concerne la
continuité des soins, évaluée sur la base de dews-@iteres. En fonction des préférences
des décideurs par rapport a la prise en compteegaleux sous-critéres, nous distinguons
alors trois scénarii pour lesquels nous proposemsiodeles associés.

Mots-clés hospitalisation a domicile, facteurs de complexgértitionnement du territoire,

approche statique, approche dynamique, continegésdins.



ABSTRACT

Within the framework of economic constraints anandgraphic changes which the health
care sector is confronted to, the Home Health QdHC) which has been created sixty years
ago, has known an important growth during this estade. The main objective of this
alternative to the traditional hospitalization csts in solving the problem of hospitals’
capacity saturation by allowing earlier discharfipatients from hospital or by avoiding their
admission while improving or maintaining the medliggsychological and social welfare of
these patients. In this thesis, we are interestéda operations management within the HHC
structures.

In the first part, we develop a qualitative anaysi the operations management in the context
of HHC structures. More specifically, we identifizet complexity factors that operations
management has to face up within this type of atres. Thereafter, we survey operations
management based models proposed in the literaitingn the HHC context. Based on this
literature review, we identify several emerginguss, relevant from an organizational point
of view, that have not been studied in the litematand thus represent unexplored
opportunities for operations management researchers

In the second part, we are interested in the pariitg of the area where the HCC structure
operates into districts. We begin by proposing tmathematical formulations for the HHC
districting problem on which we consider criteriecs as the workload balance, compactness,
compatibility and indivisibility of basic units. Walso present a numerical analysis of the
computational experiments carried out on randomhegated instances to validate these two
models. After formulating the problem with a stasipproach, we also develop a dynamic
extension which allows the integration of the diffet variations that can be observed within
the activities of an HHC structure from period &ripd. We then introduce a new partitioning
criterion that concerns the continuity of care aastd on the basis of two sub-criteria.
Depending on the preferences of the decision-mak@nserning these two sub-criteria, we
then distinguish three scenarios for which we psgpdhe associated mathematical

formulations.

Keywords home health care, complexity factors, districtingohpem, static approach,

dynamic approach, continuity of care.






RESUME ETENDU

Dans le cadre des contraintes économiques et addstiéns démographiques auxquelles doit
faire face le secteur de la santé, I'HospitalisaacDomicile (HAD) qui a été créée il y a une
soixantaine d’'années, s’est largement développégasrte durant cette derniére décennie, lui
valant de migrer de la fonction de relais aux é&abments hospitaliers a la fonction d’'une
réelle alternative a I'hospitalisation a temps cahpEn effet, le nombre total de places
autorisées et le nombre de places effectivemetdli@éss sont passés respectivement de 3908
et 3832 places en 1999 a 4739 et 4206 en 2002gttmindre 7500 et 6200 places en 2006.
Ces places ont été réparties sur 68 établissensent999, 108 en 2002 et 166 en 2006.
Notons que l'objectif du gouvernement était d'itistal5 000 places pour 2010. Cependant,
ce sont 10 939 places d’HAD qui ont été installéesparties entre 292 établissements. Le
développement de ces établissements a été acafiécé a la pression continue des
gouvernements pour maitriser les colts du systérae sdnté, aux changements
démographiques liés a la croissance de I'espérdacge entrainant le vieillissement de la
population, a 'augmentation du pourcentage deojaufation ayant des maladies chroniques
ou des handicaps physiques ou mentaux mais égalemedéveloppement de nouvelles
technologies telle que la nanotechnologie ou Eméldecine.

L’objectif principal de cette alternative a I'hosglisation complete est de raccourcir les
séjours hospitaliers voire méme de les éviter endeuremédier a I'engorgement des hdpitaux
tout en améliorant les conditions de vie des patieAinsi, 'lHAD représente un enjeu
economique et social. Toutefois malgré l'intérételje’ représente, 'HAD n’a pas connu le
développement attendu au niveau organisationnekftet, les structures d’hospitalisation a
domicile se sont davantage focalisées sur leur desarétier qui est la prestation des services
de soins aux patients d’ou I'émergence d’'un begaportant en termes d’outils de gestion

des opérations permettant de mieux organiser lauptimh des soins.

Dans ce travail de recherche, nous nous intéressdasgestion des opérations dans les
structures d’HAD. L'objectif principal de la gestiodes opérations consiste a trouver
I'organisation la plus efficiente en termes de oesses humaines et matérielles garantissant

une qualité de service satisfaisante a la foisawss des patients et vis-a-vis des soignants



tout en réduisant les colts (achat de matieresppeel, transport, stockage des ressources
matérielles consommables, etc.). De maniére plusifgpée, cette these a pour objectif de
développer un outil d'aide a la décision pour leljgme de partitionnement géographique du
territoire desservi par une HAD qui consiste a wager des unités élémentaires ou résident
les patients en zones, tout en satisfaisant uainembmbre de critéres. Ces critéres peuvent
étre liés au niveau d'activité nécessaire (équiljlerde la charge de travail entre les zones),
aux caractéristiques démographiques (équilibrageladgpopulation) ou géographiques
(contiguité, compacité) des unités élémentaires. D@és elémentaires peuvent typiquement
étre des codes postaux, des rues, etc. Elles aomttérisées par des mesures telles que le
nombre d’habitants, les ventes potentielles, lagshde travail, etc. Chacune de ces zones est
ensuite affectée a une équipe de soignants. Léigamement permet ainsi d’améliorer le
recouvrement geographique, de garantir la congniéts soins (vu que les patients recoivent
les soins de la part d'une méme équipe ce quidetmet de nouer des liens a long terme avec
les professionnels de santé), d’équilibrer la chedlg travail des soignants, de réduire les
temps moyens de transport et par conséquent déllgus de temps aux soins directs. Cette
approche peut donc s’insérer dans une politiquenéiaration de la qualité du service des
soins délivrés aux patients et des conditions aeail des équipes soignantes ainsi que dans
une politique de réduction des codts. Dans ce cadves proposons des modeles de
partitionnement adaptés aux spécificités des strest d’HAD. Apres avoir formulé le
probleme avec une approche statique, nous en mopasie extension dynamique qui permet
de remettre a jour le partitionnement d’une périadiautre (avec ou sans prise en compte du

critere de continuité de soins).

De maniere plus détaillée, le manuscrit de theaeticlle autour de 4 chapitres, comme

détaillé ci-dessous.
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Chapitre 4

Figure 1. Plan de la thése

Dans leChapitre 1, nous nous intéressons a la notion de services Mommencons tout
d’abord par présenter les différentes définitionsppsées dans la littérature qui présentent
plusieurs différences et similarités. En se basantes différents aspects mentionnés dans la
littérature, nous assumons qu’un service est utieitac(un processus ou une performance)
ou une série d'activités (une série de processusi@performances), réalisée par des
ressources humaines ayant des compétences et deaissances particulieres et/ou des
moyens matériels qui interagissent avec le cliendwec un bien appartenant a ce client dans
le but d’apporter des solutions a ses probléemessdb@ce résulte en un changement des
conditions du client ou de son bien.

Par la suite, nous soulignons les caractéristigessservices qui les différencient des biens a
savoir : I'intangibilité, 'inséparabilité c-a-d Eimultanéité de la production et la livraison des



services, linteraction directe avec le client {eetaractéristique se base sur le fait que le
client (ou un bien appartenant au client) est gidagarent présent tout au long du processus de
production des services), la proximité aux cliehigtérogénéité et la périssabilité.

Vu la grande diversité des services, plusieurssiflagtions des services ont été proposées
dans la littérature. Sur la base de ces classdit®t nous avons mis en évidence les
principales différences au niveau organisationmgteeles structures manufacturiéres et les
structures de services d'un cbté et entre lesrdifts types de structures de services de
lautre. En effet, développer des outils de gesti@s opérations qui soient valables pour
toutes les structures de services est difficileesli donc important de classer les services de
fagcon a ce que les pratiques en gestion des opgsasioient adaptées a chaque classe de
services. Les outils et méthodes devraient dore @wveloppés de fagon appropriée pour
chaque classe de services. Par conséquent, leogpeetent de classifications est primordial
pour la compréhension des problémes managériaustiaesures de services.

Nous présentons également les différentes décisabengant de la gestion des opérations dans
les établissements de services que nous class#iongois niveaux en fonction de I'horizon
de décision qui concernent essentiellement la @ifmcedu systeme de production de service,
la planification des opérations a moyen et courhés et le pilotage des opérations a tres
court terme.

Par la suite, nous nous sommes focalisés sur undgpservice particulier, i.e. le service de
production de soins, en soulignant les spécifiai@se type de service. En effet, les services
de santé consistent en la réalisation d’activi‘gsains en vue de transformer (améliorer ou
stabiliser I'état (physique, psychologique) d'urtipat a I'aide de ressources humaines et
matérielles. Les soins peuvent étre de nature raégigparamédicale, psychologique et
incluent de plus en plus un volet social, surt@rnglle cas d’'une prise en charge du patient a
domicile. Ces services impliquent plusieurs actetirsecessitent la contribution du patient ce
qui explique la nature co-productive des servieesahté. Le systeme de santé est également
charactérisé par la diversité des services propogéles soins délivrés aux patients sont
uniques vu que les soins sont adaptés aux besesnsatients, par l'incertitude des opérations
liee a la participation du patient dans le procesgubvraison des soins et par la périssabilité
de sa capacité de production. L’activité de produncties soins est supportée par des activités
organisationnelles qui permettent d’améliorer l€qgrenance globale du systeme de santé en
termes de réduction des colts, de satisfactionpd¢ients et de gestion des ressources
humaines. Dans ce cadre, il est important de dppelodes outils de management et d’aide a

la décision adaptés aux spécificités de ce typeirdetures. En effet, la gestion des opérations
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dans les établissements de services s’est largedéseioppée ces dernieres années pour

diverses applications. Dans ce chapitre, nous préss les différentes décisions en gestion

des opérations qui peuvent y étre associées.

Dans leChapitre 2, nous définissons I'hospitalisation a domicileegaminons son évolution

dans le contexte francais. Par la suite, nous ifilam les différents facteurs de complexité

auxquels la gestion des opérations doit faire thoes les établissements d’HAD et analysons

limpact de chaque facteur sur les différentes siéns en gestion des opérations dans les

structures d’HAD. Ces facteurs concernent :

La diversité de I'offre des services liee a la &aides conditions cliniques, sociales
et psychologiques des patients. Cette diversitéoffee des services nécessite une
définition de la stratégie du marché. Ceci perragtar la suite de bien dimensionner
les ressources de I'établissement en vue de répantlt demande des patients avec
un niveau de qualité satisfaisant et au moindré. co

La diversité des ressources humaines et matériatiesenant dans les processus de
production des soins. Ceci représente donc unuiadke complexité dont la gestion
des opérations doit tenir compte dans les étantiseess d'HAD et plus
particulierement, au niveau de l'organisation dasrnées du personnel soignant et
des tournées de livraison des ressources matériellette diversité explique
également la pertinence de la synchronisation ¢& deordination de ces ressources
pendant la prise en charge du patient.

Les sources d’incertitude a savoir l'incertitudel@elemande, I'incertitude relative au
processus de production des soins et l'incertittielda disponibilité des ressources
humaines et/ou matérielles. Pour faire face a @etiertitude, il serait intéressant de
proposer des modeles de prévision de la demandisfohér des politiques de gestion
des admissions/sorties des patients mais ausoraewoir des stratégies de gestion
des priorités des demandes.

Le lieu de production des soins a savoir le domial patient. Ce facteur de
complexité engendre la prise en compte d’'un certambre de décisions a savoir le
partitionnement du territoire desservi pat I'étaddiment d’'HAD en zones, I'affection
d’'une équipe pluridisciplinaire de soignants a cleagone. Par la suite, I'affectation
des soignants aux patients doit tenir compte deofapatibilité entre la zone dans

laquelle le domicile du patient se trouve et |la zdaes laquelle le soignant travaille.
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» Nécessité d’assurer un niveau de qualité des sareatisfaisant vis-a-vis des patients
et vis-a-vis des professionnels de santé interntedans le processus de production
des soins qui considérent différents criteres deitqude services. Ces critéres
doivent étre intégrés au niveau de certaines adssrelatives a la gestion des
opérations dans le cadre de I'hospitalisation aiditena savoir : la définition de la
stratégie du marché et le dimensionnement des megsodans le but de garantir les
compétences et le matériel nécessaires pour $atiEfalemande au niveau de qualité
requis. Il est également important de prendre enpt®roes critéres au niveau des
décisions prises sur le court/trés court terme.

* Nécessité de constituer des réseaux de soins esetres établissements de santé.
Ceci nécessite donc d’élaborer, a travers la gestes opérations, une stratégie de
partenariat avec les autres établissements de saaite aussi de coordonner les
ressources partagées entre ces différents étabbsse.

Nous présentons ensuite les travaux existants lddittrature qui s’intéressent a la gestion
des opérations dans les HADs. Cette analyse deviaerde littérature montre que cinq
problématiques ont été traittes a savoir: le dimanement des ressources, le
partitionnement du territoire en zones, |'affedatdes ressources aux zones, |'affectation des
ressources humaines aux patients (ou aux visitedprelonnancement des activités de
chacune des ressources humaines. Cependant, leslel®migres problématiques qui sont en
général considérées simultanément représentemqiréddematiques les plus importantes en
termes de nombre de publications.

Sur la base de cette synthése, nous identifionpidess de recherche qui n’ont pas encore été
traitées dans la littérature. En effet, chacun tlagaux analysés se base sur une partie
seulement des facteurs de complexité que nous vetepsésenter. A titre d’exemple, tous
les travaux qui traitent du probleme de la plaatiien des activités des soignants dans les
établissements d’HAD ne considérent qu’un seul tgperessources humaines a savoir les
infirmiers.

A la suite de notre étude, différentes perspectboag a envisager en vue de développer des
approches intégrant les spécificités de ce typegitalisation. Tout d’abord, la multiplicité
des ressources humaines intervenant auprés duntpdéievariété des décisions cliniques et
organisationnelles définissant les processus deaidion des soins, limportance de la
continuité des soins en tant que critere de qudk® services pour le patient prouvent la
nécessité de développer des outils pour coordosinsynchroniser les flux des ressources

humaines et matérielles. Par la suite, il est emdethe proposer une organisation de la
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livraison des soins qui prend en considération ddé&rentes sources d’incertitude en
concevant des solutions pour faire face a la varnate la demande, du processus de
production de soins ou de la disponibilité desoesss grace par exemple a des modéles de
prévision de la demande (par pathologie, par typesains, par zone géographique, etc.)
efficaces. Enfin, la nécessité de constituer desawdx de soins avec les autres établissements
de santé prouve I'importance de développer deségies de partenariat et d’organiser le
partage des ressources en vue d’améliorer |'effieat systéme de santé dans sa globalité.

Dans leChapitre 3, nous nous intéressons a la problématique ddipartement du territoire
desservie par une structure d’'HAD en des zoness ommencgons d’abord par une revue de
la littérature des travaux relatifs au partitioneeindu territoire. En effet, cette problématique
a été traitée pour diverses applications a savaidefinition des circonscriptions électorales,
la création de zones a attribuer aux commerciauxaetiéfinition des zones pour les
établissements de services telle que la définities zones d’influence scolaire, des zones a
patrouiller par les forces de sécurité, des zonasirbbuer aux compagnies de distribution
d’énergie, des zones de travail des ressourcesihesdans les établissements d’HAD, etc.
Cependant, le domaine politique et le domaine comiaaeprésentent les deux applications
les plus importantes en termes de nombre de ptiblisa Cet état de I'art montre que malgré
la diversité des applications du probleme de pamtiement, plusieurs similarités existent
entre ces domaines. Nous pouvons donc supposdesjubfférents critéres utilisés dans la
modélisation de ce probleme sont analogues. Cer permet de proposer une classification
des différents critéres utilisés dans la modébsetie ce probleme en quatre groupes :

* les critéres géographiques a savoir la compaatéohtiguité, I'accessibilité et le
temps de réponse aux appels.

» les criteres relatifs a I'activité. Cette classecd&eres peut étre divisée en deux sous-
groupes : les criteres d'équilibrage de [I'activiiéquilibrage de la population,
équilibrage de la charge de travail, équilibrage dkents, respect des limites de
capacités) et les critéres d’équilibrage des wa#lon un attribut donné (homogénéité
socio-économique, représentation des minorités).

* les critéres de comparaison entre différents pamtiements a savoir la similarité avec
le partitionnement existant et la conformité du tigannement aux frontieres
administratives.

* le critere organisationnel a savoir l'indivisibditles unités élémentaires.

13



Nous proposons ensuite deux formulations mathéoegiglu probleme de partitionnement

géographique du territoire dans le cadre de I'HADpeenant en compte un ensemble de

critéres a savoir :

la compacité qui peut étre formulé soit sous fodrecontrainte forte en limitant la
distance maximale entre deux unités élémentairesgmbLétre affectées a la méme
zone (c-a-d Modéle 1) ou en tant que fonction dl§j@coptimiser et auquel cas une
mesure de la compacité doit étre minimisée a sadaalistance maximale entre deux
unités élémentaires affectées a la méme zone (Gladéle 2).

I’équilibre de la charge de travail des différerteses qui consiste a avoir a peu prés
la méme charge de travail dans toutes les zondte Clearge de travail est composée
de la charge de travail des soins directs et I@psete transport. Le temps de transport
étant directement lié aux distances entre les réfft@s unités élémentaires dont la
réduction est garantie par le critere de compacitéis considérons uniquement la
charge de travail des soins directs qui dépend dobr® de patients visités par les
soignants ainsi que des profils des patients.

I'accessibilité est essentielle dans le contextd’Hi&D vu que c’est lié a la facilité
avec laquelle les professionnels de santé peuvertéplacer dans une zone, par
exemple via les transports publics, les voituregeéps, etc. Le critére d’accessibilité
peut également concerner le respect des obstadegraphiques tel que les
montagnes, rivieres, etc.

la conformité des zones aux frontieres administestiest un critére qui facilite la

coopération avec les collectivités locales.

Nous groupons les deux derniers criteres en uncsiete a savoir la compatibilité. En effet,

nous supposons que deux unités élémentaires peétrenincompatibles pour différentes

raisons :

a) Existence d’'obstacles géographiques entre cessunité

b) Difficulté ou impossibilité de se déplacer entrs oaites.

c) Ces deux unités n'appartiennent pas a la mémeameistrative

I'indivisibilité des unités élémentaire qui consist affecter chaque unité élémentaire a

une et une seule zone.

En fonction des préférences des décideurs en HAdux diormulations peuvent étre

développées pour modéliser le probleme de partiéioramt en HAD :
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* Le modéele 1 correspond au cas ou le décideur en pt&fgre définir un minimum pour
la réactivitt moyenne des soignants travaillant dansméme zone. Ceci peut étre
garanti en fixant une limite maximale pour la dist& entre deux unités élémentaires
affectées a une méme zong )l Le modele 1 peut également étre utilisé dansdss
ou le décideur en HAD veut distribuer la chargdrdeail équitablement, de telle sorte
gue la charge de travail de I'équipe affectée &ebaone soit la plus proche possible

de la charge de travail moyenne. Cette équilibrdgda charge de travail peut étre

réalisé en considérant la fonction objectif suieaminimiser maﬁwj —M ou
j=1.M

w; correspond a la charge de travail de la zone . (jM) et w correspond a la charge

de travail moyenne.

* Le modéle 2 correspond au cas ou le décideur en pifere définir un intervalle de
tolérance qui garantit que la charge de travaitlthjue zone ne dévie pas par rapport a
la charge de travail moyenne de plus d'un pourgentarédeéfinr. L’objectif
consisterait donc a minimiser une mesure de cortgacsavoir la distance maximale
entre deux unités élémentaires affecttes a une méome comme sSuit:
Mirj1:ilrmser max@, * x; * X,;)ou dkx correspond a la distance entre les deux unités i

i=L..N
k=1..N

(i=1...N) et k (k=1...N), % (respectivementy est une variable binaire qui égale a 1 si
'unité élémentaire i (respectivement k) est atect la zone j (j=1...M) et O sinon.
Cette fonction objectif permettrait d’amélioreré&activité des soignants et de réduire le
temps d’attente des patients.
Notons que les formulations des modéles proposaes de chapitre sont statiques et ne
s’intéressent qu’'a une seule période de temps.
Nous conduisons également une analyse numériquesig$ats associés a ces modeles sur la
base d’instances générées aléatoirement. Les atssydlé cette analyse montrent que pour
améliorer I'équilibrage de la charge de travail (@t 1), il faudrait réduire le nombre de
zones a concevoir. Au contraire, afin de réduiredstances parcourues, il serait préférable
de répartir le territoire autant que possible. €atialyse numérique montre également que le
respect des contraintes fortes relatives a la cthiltg et la compacité/équilibrage de la
charge de travail expliquent I'existence d’instanagfaisables ainsi que la détérioration de

I'équilibrage de la charge de travail/la mesured@pacite.
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A la fin du chapitre, nous présentons deux expioms possibles de ces modeles. La
premiére exploitation concerne I'évaluation du mheell nombre de zones a concevoir qui
correspond au nombre garantissant la faisabilitépdhbléeme et engendrant le meilleur
equilibrage de la charge de travail ou la meillecwenpacité pour un,@dx ou un 7 donné.
Une deuxiéme exploitation possible des modelesisteng déterminer les valeurs dgstburt

les plus adéquates qui permettent d’avoir une isoittisable et correspondent au meilleur
équilibre de charge ou a la meilleure compacité.

Enfin, nous proposons deux extensions aux fornaratide base. La premiére consiste a
séparer les difféerents profils des patients etederhodéliser differemment et la deuxieme
repose sur la distinction entre les différents syge professionnels incluant non seulement les

infirmiers mais également les médecins, les phlgéiaipeutes, les assistantes sociales, etc.

Dans leChapitre 4, nous considérons la problématique du partitiorer@ndans sa version
dynamique en développant la formulation du probl&nson optimisation non plus sur une
seule période de temps mais sur une fenétre destdams le cadre du modéle 1 développé
dans le chapitre 3. Cette nouvelle formulation preintégrer les différentes variations
observées dans l'activité d’'une HAD : variations raueau des projets thérapeutiques des
patients existants (i.e. fréquence ou volume dassogcessaires), variations au niveau du
nombre de patients présents dans le systeme, atoprétique, I'aspect dynamique du
probléme peut étre pris en compte grace a la poévde la charge de travail (la fiabilité des
prévisions est supposée étre égale a 100% a tramensrizon de L périodes). Les données
relatives a chaque période sont donc déterminstesonnues a I'avance. En fonction de
I'horizon de prévision L, trois possibilités du pteme de partitionnement avec fenétres de
temps peuvent étre considérées a savoir : I'opditiois période par période, I'optimisation
avec fenétres de temps et l'optimisation globala. dolution globale au probleme de
partitionnement (a travers K périodes correspotalsomme des solutions des problémes de
partitionnement élémentaires résolus sur un horiteoh périodes.

Nous introduisons un nouveau critére de partitiomer® qui concerne la continuité des soins,
évaluée sur la base de deux sous-criteres. Danso@sles, nous supposons que la continuité
des soins est garantie en affectant chaque urtéegitaire a la méme zone tout au long de
’horizon de partitionnement K et que la continudés soins est liée a lindivisibilité des
unités élémentaires. En fonction des préférencesdéeideurs par rapport a la prise en
compte des criteres de continuité des soins dansrdbleme de partitionnement, nous
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distinguons alors trois scénarii pour lesquels npuposons les modeles associés dans le
cadre d’'une optimisation avec fenétres de temps :

* Le scénario A correspond au cas de la continuttletades soins ou les deux sous-
criteres précédemment cités sont respectés.

* Le scénario B est relatif a la relaxation du prermsigus-critére de la continuité totale
des soins. Ceci consiste a permettre des changenBaftfectation des unités
élémentaires aux zones d’'une période a une augpercant, le nombre total de
changements par période est limité.

 Le scénario C consiste a permettre la divisibilikés unités élémentaires entre
plusieurs zones tout en limitant le nombre maxigd®lzones entre lesquelles chaque
unité élémentaire peut étre divisée.

Ce chapitre s’achéve par une analyse numériqguenddgles mathématiques développés sur
la base d’instances générées aléatoirement. Gethgsa numeérique montre que I'équilibre de
la charge de travail peut étre amélioré en conaidéun horizon de prévision plus long. Par
conséquent, I'approche de partitionnement devteat @pliquée a travers la fenétre de temps
la plus large possible en fonction des prévisioes données. Les résultats numériques
obtenus indiquent également que le déséquilibrendege lié au respect des deux contraintes
relatives a la continuité totale des soins peué &&duit au mieux en permettant des
changements d’affectation des unités élémentaireg@nes d’'une période a une autre tout en

limitant le nombre maximal de changements pendaade période.

En conclusion, cette thése contribue au développerd®utils d’aide au pilotage des
activités de soins dans les structures d’'HAD en g@eemieux organiser les processus de
livraison des soins dans ce type de structures. digi$ds sont destinés a améliorer le
partitionnement du territoire desservie par lescstires d’HAD en respectant des contraintes
a différents niveaux tels que I'équilibre de largfeade travail des soignants, la réduction des
temps de parcours de visites ou le respect dertncité des soins. Les résultats obtenus
dans le cadre de cette thése ont été présentésl'ddide «Operations Management
Applied to Home Care Services: Analysis of the Didgtting Problem» accepté dans le

journal «Decision Support Systems.
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INTRODUCTION

Within the framework of economic constraints anandgraphic changes which the health
care sector is confronted to, the Home Health tdHC) which has been created sixty years
ago, has known an important growth during this @etade. HHC has thus evolved from
being an intermediary type of hospitalization toreal substitute to the traditional
hospitalization. Indeed, the total number of théhatized places and the places effectively
installed rose respectively from 3 908 and 3 83&¢d in 1999 to 4 739 and 4 206 in 2002
and reach 7 500 and 6 200 places in 2006. Theseglzve been split among 68 structures
in 1999, 108 in 2002 and 166 in 2006. Recently939 HHC places have been set up (and
split among 292 structures) in 2010.

The main objective of this alternative to the ttiahal hospitalization consists in solving the
problem of hospitals’ capacity saturation by allogviearlier discharge of patients from
hospital or by avoiding their admission while imypir@y or maintaining the medical,
psychological and social welfare of these patiehisis, HHC represents social and economic
stakes. However, despite the importance of thie typhealth structures, the HHC did not
meet the expected performance from an organizdtperapective. Indeed, HHC structures
have mainly focused their attention on the medasgpect of their activities namely the
delivery of care to patients which explains an ingat growing need in terms of operations
management tools to better organize the care dglprecess.

In this research, we are interested in the opersttitnanagement within the HHC structures.
The main objective of operations management candist finding the most efficient
organization in terms of human and material resgsitbat guarantees a satisfactory service
quality towards patients as well as care giverdem@iducing costs (staffing costs, medicines’
purchase and equipments investment costs, consemadtkerial resources’ inventory costs,
transportation costs, etc.). More specifically, thain objective of this thesis is to develop
decision-making tools for the problem of distri¢tithe territory where an HHC structure
operates. This problem consists in grouping basits where patients live into larger clusters,

i.e. “districts”, so that these districts are “gba@tcording to relevant criteria. Each district
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would then be managed by a dedicated nurses’ t€haim.approach is expected to enable the
improvement of the geographical coverage, the gueeaof the continuity of care, the
balance of care givers’ workload and the reductbthe travel time of care givers and thus
the increase of the time dedicated to the direot.c@onsequently, this approach fits the
policies of improvement of the quality of care ®ehed to patients and the working
conditions of care givers as well as cost reductdter formulating the problem with a static
approach, we also develop a dynamic extension waliohvs the update of the partitioning

from period to period, with or without consideritige continuity of care criterion.

This thesis comprises 4 chapters, as detailed below:

Chapter 1 Chapter 2 Chapter 3
Characterization W
of services
/ ) ( W (
~Service Home Health Care Home Health Care
Operations Management Operations Management districting problem
. )
" N
Health Care

Operations Management

- 2N

districting problem

AN /
\f R
N /

Chapter 4

Figure I-1: Organization of the thesis
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In Chapter 1, we are interested in the concept of service biynitg what services are,
emphasizing the characteristics of services anglali;g the different classifications
proposed in the literature. Based on these claasifins, we highlight the main differences at
the organizational level between the manufactusingctures and service structures on one
hand and between the different types of serviagtires on the other hand. We also present
the different decisions related to the service ap@ns management that we classify
according to their time horizon. After that, we discon a specific type of services i.e. health
care services by emphasizing the specificitiesh type of services and by presenting the

different operations management decisions thabeaassociated to it.

In Chapter 2, we focus on the operations management within type of health care
structures namely the HHC structures. We begin ibyng a general overview of the HHC
through the definition of this alternative to thmaditional hospitalization, analysis of its
evolution within the French context, presentatioh tbe factors and barriers to its
development, etc. After that, we identify the coaexily factors that operations management
has to face up in the context of HHC structures.de@h complexity factor, we discuss how it
can affect the organization of the care deliveryege factors pertain to the diversity of the
services proposed, the location of care delivdrg, uncertainty sources, etc. Thereafter, we
survey operations management based models propostw literature within the HHC
context. Based on this literature review, we idgrgeveral emerging issues, relevant from an
organizational point of view, that have not beamdsd in the literature and thus represent

unexplored opportunities for operations managemesgarchers.

In Chapter 3, we are interested in the partitioning of the awdeere the HCC structure

operates into districts. We begin by surveying litexature related to the models that are
developed in the operations management literatppdiesl to the districting approach. This

state of the art allows us to propose a classifinabf the different criteria that may be

considered in the districting problem. We then pssptwo mathematical formulations for the
HHC districting problem on which we consider crideisuch as the workload balance,
compactness, compatibility and indivisibility of ¢@ units. We also present a numerical
analysis of the computational experiments carriatl an randomly generated instances to
validate these two models. The formulations ofrtialels proposed in this chapter are static
and concern only one period of time. At the endhi$ chapter, we present two possible

exploitations of these models and propose two sites to these basic formulations.
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In Chapter 4, we consider the districting problem in its dynamersion by developing the
formulation of the problem and its optimizationmore over a unique period of time but over
a time-window i.e. several periods of operationisTirew formulation allows the integration
of the different variations that can be observethiwithe activities of an HHC structure:
variations related to the therapeutic projects atigmts that are already present in the HHC
system (i.e. frequency and average duration oindmessary care), variations related to the
number of patients treated by the HHC structure, \&te then introduce a new partitioning
criterion that concerns the continuity of care aatéd on the basis of two sub-criteria.
Depending on the preferences of the decision-mal@rserning the sub-criteria related to the
continuity of care in the districting problem, weeh distinguish three scenarios for which we
propose the associated mathematical formulatiotss Thapter ends with a numerical

analysis of the developed models based on randgemgrated instances.

In conclusion, this thesis contributes to the depelent of decision-making tools for better
organizing the care delivery processes within Hi@csures. These tools intend to improve
the partitioning of the territory covered by the @Hstructures. This improvement is
guaranteed by the respect of different criteridnsagthe balance of the care givers’ workload,
the reduction of the travel time or the respecthef continuity of care. The results obtained
within this thesis are presented in the artid@perations Management Applied to Home
Care Services: Analysis of the Districting Problem»accepted in the journal “Decision

Support System”.
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CHAPTER 1

SERVICE AND HEALTH CARE OPERATIONS
MANAGEMENT

1. Introduction

In recent years, most of the industrial nationsehavolved from primarily manufacturing-
based economies to primarily service-based ecorsorArcording to [Machucca et al., 2007],
developed economies have been characterized imtréeeades by the extraordinary role
played by the service sector in production and egmpent as well as by the integration of the
service activities into manufacturing companies.

Indeed, services’ output has grown by 1.2% in Geyna.1% in France, 1.7% in Switzerland
and 2.9% in the USA between 2000 and 2008. For metals on the growth and structure of
the output of the different economical sectors amiaus countries, the reader is referred to
Table A.1 and Table A.2 of Appendix A. Furthermdtes service sector employs most of the
working population in the economies of the OECDe #ervices dominate with 83% and
66.1% of the active persons employed in 2006 reés@byg in the USA and in the European
Union (i.e. it employs 68.1% of the active popwatin Germany, 70.3% in France, 73.1% in
Switzerland, etc).

This rapid growth of the service sector is relat@deveral factors. First, the changes of the
customer’s behaviour and the increase of the custa@utcome explain the maturity of their
expectations and thus the development of new tgpeervices that did not exist before e.g.
dry cleaning, home delivery service. Second, mamyufacturing companies now realize
they can create more value for their customer sétvices e.g call centres services, after-
sales services; these new services provide manwéastwith a competitive advantage and
prove to be very profitable. Third, the evolutiomdahe diversity of the activities performed
in companies conducts to the outsourcing of thellanc activities that are not the primary

missions of the company to firms that are typicalhecialized in that particular services such
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as janitorial services, security, food servicesurflg advances in technology allow the
dynamism of some services namely the telecommuaitatinternet sales, financial services,
insurance, etc.

We thus focus in this chapter on the service sediierto its importance in the economy of
every industrialized nation in terms of added vadmel employment. More specifically, we
focus our attention on the operations of servidéss can be explained by the fact that the
operations function employs more personnel thanother functional areas [Metters et al.,
2006]. Knowing how the largest group of employeesknis then essential. Another reason to
study operations management is related to the tfedt studying Operations Management
allows having a global view of the processes tlzat lbe useful for other functions such as
human resources management, marketing, etc. Fortiney the study of service operations is
also motivated by the necessity to improve the petidity of the services in order to enlarge
the portion of the service sector in the economyngmared to the manufacturing and
agriculture whose productivity improvements conéinurinally, we study the service
operations management because it represents tleeafjenntext of the main research area of
this thesis namely the operations management wétspecific health care structure namely
the home health care (which is a special caseroices).

That is why we choose to focus in the second dati® chapter on the health care services to
which 10.2% of the total articles on services opens management refer ([Machuca et al.,
2007]). Indeed, the use of operational researdteaith care has been developed considerably
due to a number of factors. First, health care iseavice that necessitates permanent
interaction with customers and thus representsnaptex human activity system with many
people involved either as employees in health strectures or as consumers of health care
services ([Roysten, 2009]). For example, the hesdttvice has employed 12.06%, 11.47%,
11.33% and 9.52% of the total active persons in62Q@spectively in United States,
Switzerland, Germany and France. More details ®efprcentage of health service in the total
employment in these countries between 1985 and 24 @resented on Tables B.1, B.2 and
B.3 of Appendix B. Second, the development of opena management within the health
care context is related to the increasing neediseopopulation and the objective of the health
care system namely the optimization of the res®iroee so as to contain costs and to
improve the service quality which represents twampry issues within the operations
management field. Third, modeling in health caemdrave been developed rapidly thanks to

! hitp://stats.oecd.org/index.aspx?lang=fr
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the technological progress in software and hardwdrieh enable the construction of more
complex models with lesser computation time andscihsagergen, 1998].

The objectives of this chapter consist in presgnansynthesis of the service concept by
defining what services are, highlighting the malramcteristics of services, displaying the
different categories of services whose managersllenges differ and displaying the
different service operations management decisibas have been studied in the literature.
After that, we focus on health care service th@rasents “one of the sectors where the
principles of scientific management and of its ®ssor, industrial engineering, were applied
early on” [Chase and Apte, 2007]. The objectivehi$é second part consists in emphasizing
the specificities of this type of services withoguds on the consequences of these specificities
on health care operations management.

This chapter is organized as follows: in Sectiomwg, survey the literature associated to the
definitions of the service concept proposed in liberature, we also discuss the main
characteristics of services and present an overwéwhe different services’ typologies
proposed in the literature. Moreover, we preserfeation 3 several reviews of the literature
related to service operations management modelgpapbse a classification of operations
management decisions in services that have bediedtin the literature. After that, we focus
on a specific type of services namely the healtle g defining it and presenting its main
characteristics in Section 4. In Section 5, we Isgsize the most relevant health care
operations management decisions that have beerdtudthe literature. Finally, in Section
6, we present some concluding remarks and idettiéyperspectives that can be considered

for future research in Section 6.

2. Characterization of services

Over the years, the service sector has outdistatieedther economical sector and accounts
now for the vast majority of the economies of indatized countries [Davis and Heineke,
2002]. Additionally, the service sector presentshigh diversity varying from service
industries (e.g. health care services, retail sesyietc.), ancillary and support services (e.g.
janitorial services, security, etc.) to servicesmianufacturing (e.g. the support services and
upgrading advertised by a company, etc.). Thesacesrcan be either B2C or B2B oriented.
That is why, it is important to understand the apimf service. In the literature, the services
have been characterized in two ways: first, byrdef) what services are and second, by

35



identifying their characteristics. Other investigas aim at classifying services. EXxisting
classifications are mostly marketing, sociologypeychology oriented. The interest of such a
classification, if this is done with an operatiananagement perspective, would be to identify

classes of services using the same tools in tefrogerations management.

2.1 Service Definitions

There has been several attempts to define themofiservice, especially in the marketing
field ([Hill, 1977], [Kotler, 1977], [Gronrdos, B®], [Murdick et al., 1990], [Flipo and Joel,
1991], [Lovelock, 1991], [Gadrey, 1992], [Colliench Meyer, 1998], [Pine and Gilmore,
1999], [Gardey, 2000], [Zarifian, 2001], [Vargo ahdsch, 2004], [Giard, 2005], etc.). In this
section, we present some of the well known authdehitions.

The first definition has been proposed by [Hill,7ZXpwho has defined a service as “a change
in the condition of a person, or a good belongmgdme economic unit, which is brought
about as the result of the activity of some otleamemic unit with the prior agreement of the
former person or economic unit”. For example, ealire represents a service that modifies
the condition of a person (his body and/or his mintile the dry cleaning service influences
the clothes belonging to a person.

After this, [Gronrdos, 1990] has argued that aiseris “an activity or series of activities of
more or less intangible nature that normally, bot mecessarily, take place in interactions
between the customer and service employees angBtanss of the service providers, which
are provided as solutions to customer problemsfedun, the customer needs to interact with
the hairdresser when he goes to a beauty salome whe less the case when he buys a book
on internet.

Another definition has been proposed by [Flipo dadl, 1991] who has presented "a service
as an act (or a succession of acts) of durationlecalization defined, achieved thanks to
human and/or material means, implemented for theefiteof an individual or collective
customer, according to processes, codified proesdand behaviors". We remark that this
definition is not valid for all types of servicdsor example, the duration and localization of
the services delivered by a fire brigade can notldéfened in advance; however, this type of
services responds to codified procedures and mese®n the contrary, the services of the
juridical advisors are provided on their officesx¢ld localization) according to procedures

that are not as much codified as the ones useledffremen.
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Furthermore, [Lovelock, 1991] has presented theises residually by delineating services
from goods. Indeed, he has asserted that a sasvieeprocess or performance rather than a
thing.” Indeed, the services provided by a consgltfirm for other companies can be
considered as processes or performances while gh&alragencies deliver cars to the
customers for a fixed duration.

[Zarifian, 2001] has also observed that a sensca itransformation of existence mode and/or
dispositions of the person himself, of his body dng mind. While goods modify the
existence conditions, services modify the existemcgles where goods are only supports”.
For example, the maintenance represents a serkisite concerns goods belonging to a
customer and changes the goods’ states while edncarvices change the conditions of the
persons’ minds.

[Vargo and Lusch, 2004] has also presented thdcesnas “the application of specialized
competences (skills and knowledge), through depds;esses, and performances for the
benefit of another entity or the entity itself fsetrvice). For example, the service provided in
a restaurant necessitates specific competencég aebbks and is delivered through deeds and
performances while the internet-sale which is basada specialized human resources’
knowledge is provided through processes.

It is clear that these definitions which presentnynasimilarities and differences are
complementary in the sense that some aspects cketheces’ concept have been mentioned
by different authors; however, none of these di&fins is based on all of these aspects.
Indeed, [Hill, 1977], [Lovelock, 1991] and [Vargma Lusch, 2004] have focused on the
impact of the services on the customers while [@yos, 1990] has concentrated his
definition on the nature of the activities and be type of contact between service providers
and customers.

In the following table, we summarize the differexstpects of the service concept and the
references that emphasize each of these aspects.

As we have noted in this section, the servicesindeins are heterogeneous, meaning that it
is difficult for customers and service providersréally understand what services represent
and what are their common characteristics.

Based on the different aspects identified in thexdiure, we would assume that a service is an
activity (process or performance) or a series dfivéies (a series of processes or
performances), performed by human resources witticpkar skills and knowledge and/or

material means that interact with the customehergood belonging to this customer in order
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to provide solutions to his problems. This serviesults in a change in the conditions of the

customer or his good according to processes, eadgifocedures and behaviours.

In the following sub-section, the main charactessthat differentiate services from goods

are going to be analyzed based on a literatureweon services’ characteristics.

Table 1-1: Different aspects of services' definitions

Aspects

References

a process or performance rather than a thing

[lomkel1991]
[Vargo and Lusch, 2004]

an activity or series of activities of more or lestangible

nature

[Gronréos, 1990]

an act (or a succession of acts) of duration andlilation
defined

[Flipo et Joel, 1991]

achieved thanks to human and/or material means

pdfei Joel, 1991]

the application of specialized competences (skdlsd

knowledge)

[Vargo and Lusch, 2004]

according to processes, codified procedures anaviiais

[Flipo et Joel, 1991]

takes place in interactions between the customgsarvice

employees and/or systems of the service provider

[Gronréos, 1990]

implemented for the benefit of another entity owigdthe
person (an individual or collective customer) resjung the
service or the entity itself (self-service)

[Vargo and Lusch, 2004]
[Flipo et Joel, 1991]
[Hill, 1977]

A change in the condition of a person, or a goddrggng

to some economic unit

[Hill, 1977]
[Zarifan, 2001]

provided as solutions to customer problems

[Grosyr@890]

2.2 Service characteristics

Services are generally distinguished from goodsdifferent characteristics which

are

interrelated namely: intangibility, inseparability.e. simultaneous production and

consumption, direct customer interaction, proximityth customer, heterogeneity and
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perishability i.e. impossibility of their inventaryGoods are defined by [Hill, 1977] as
“physical objects which are appropriable and treesftransferable between economic units”.
The first characteristic that distinguishes servit®m goods is their intangibility. Indeed,
[Mills and Margulies, 1980] have argued that a mervys “an abstract thing that cannot be
reasonably stored”. However, [Vargo and Lusch, 20@4e asserted that the representation
of all the services is, in some forms, tangibleefidrs et al., 2006] have also considered that
most services come with “facilitating goods”. Indeae cannot touch a medical examination
performed by a doctor whereas a car that has lm#ead from a rental agency is tangible and
can be used.

Services also differ from goods by their insepdrigbthat is related to the simultaneous
production and consumption [Cowell, 1988]. For epdam the healthcare services are
produced by doctors at the same time of the sesvicensumption by patients while the
internet sales are produced when the customer fadeproduct on internet, however, he
consumes this service when he receives the product.

This characteristic implies another characterigtat distinguishes services from goods which
lies in the fact that the customer (or a good bgilog to the customer) is often present all over
the service delivery process [Davis and Heineké€)2P0OIndeed, an important interaction
between the customers and services providers isssary for the health care services,
transportation services, dry cleaning, automol®igair, etc. which is based on the presence
and the cooperation of the customers (or propenifeshe customers) during the actual
delivery of services. Some services, however, [aglhpostal services, janitorial work, bill
payments through internet banking, can be proddaeitig the absence of the customer.

This latter characteristic ties up with another pneposed by [Metters et al., 2006] which is
related to the proximity to the customer where mseryices such as health care services and
police protection must be physically close to thestomer. However, we remark that
proximity is not always essential in services likeernet-based services.

Another characteristic of services is their heteraty which is related, according to [Jaw et
al., 2010], to their differences according to timesployee and customer’s perceptions of the
services related to the reliability, tangibilityesponsiveness of the services, etc. This
heterogeneity explains the relative inability tarstardize the output of services such as
health care services, consulting services. Someicssy however, can be standardized
namely: care rental, purchase of theatre tickéts, e

Finally, services are also characterized by thefrghability which means that service can not

be produced in advance, inventoried and then solkehwhwould be demanded [John and
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Strey, 1988]. Indeed, when a demand occurs, it rhassatisfied at the time and in the
location where it happens otherwise it is lostll[Hi977] have explained that services can not
be put in stock due to the fact that they consisthanges which are logically not permanent
nor physically durable. Services must then be gediin a very short time otherwise sales
are lost. However, some exceptions are notableekample, restaurants reservations allow
the backordering of the service; retailing firmstdis or airlines must manage physical
inventories of cars, hotel rooms or airline seats.

This foregoing discussion shows that service systprasent characteristics that differentiate
them from manufacturing systems. Although the attarsstics of services identified in the
literature are valid for most of services, one @hmays find exceptions that have not the
identified characteristics. However, identifyingagses of services enable to better manage
them since different services face different managehallenges. For example, companies
that propose perishable services should develapiesft automation activities to faster the
service delivery process while the inventory manage is necessary within the durable
services context in order to alleviate the insugicy of the production capacity [Jaw et al.,
2010].

2.3Service classifications

Services organizations involve a heterogeneouy afractivities that render the concept of
services quite nebulous [Mills and Margulies, 198Dgveloping operations management
practices that are valid for all service organmadi is thus difficult. It is then important to
classify the service systems in a meaningful wathab the operations management practices
can be adapted to each class of services. Indeedtidy of operations management lies on
the common problems and challenges that can bedftamdifferent types of services. To
determine which industries share similar charagties, it is useful to classify service firms
into homogeneous categories of service entitiegshiwieach category, certain managerial
concerns dominate. Thus, the management methodddshe developed in an appropriate
way to each service type. Consequently, the dewsop of classifications for services
represents an important contribution to the openatimanagement literature due to the fact
that these classifications facilitate the undeditao of service operations management issues
and “serve as a guide for helping managers makisides on appropriate process design

given the nature of service encounters that customeant” [Collier and Meyer, 1998]. A
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number of services’ classifications have thus beeposed in the operations management

literature. In Table 1-2, we present the main da&sgions proposed in this literature.

Table 1-2: Service organizations typologies proposed in tieedture

References Classification criteria

[Hill, 1977] - Services on persons or goods
- Types of the changes (mental or physical)
- Length of time over which the change may persist

- Reversibility of the changes

[Mills and Margulies, 1980] | - Relationship between service employee and customer
[Chase, 1981] - Degree of customer contact
[Schmenner, 1986] - Degree of customer interaction and customization

- Degree of labor intensity

[Wemmerlov, 1989] - Type of customer contact
- Degree of routinisation

- Objects of the service process

[Silvestor et al., 1992] - Equipment/people focus

- Customer contact per transaction

- Degree of customization

- Degree of discretion

- Added value back office/front office

- Product/process focus

[Kellogg and Nie, 1995] - Service process

- Service package

[Collier and Meyer, 1998] - Degree of customer discretion, freedom and decision
making power

- Degree of repeatability of the service encounter
activity sequence(s).

- Number of unique pathways.

- Management degree of control designed into |the

service delivery system.
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The first services’ classification has been prodobg [Hill, 1977] who has separated the
services performed on goods from services affecpegsons. The former represents a
transformation in the physical state of the gooelg.(transportation, cleaning, repair and
maintenance) while the latter consists in chandeth® physical or mental conditions of
persons (e.g. hairdressing, medical treatment,agaun; entertainment). [Hill, 1977] has also
distinguished between permanent (e.g. medical nreyails) services and temporary (e.g.
cleaning) services based on the length of time adech the change may persist. Finally, the
author has suggested that the services may begdlisgthed according to the reversibility of
the change. For example, the transportation of gavdoersons is reversible whereas many
forms of medical treatment are not. The combinatbmthese four properties conducts to a
cross-classification of services into nine-subgsap shown in Table 1-3. It is assumed in
this Table that the transitory changes cannot keversible and that no service affecting
goods consists of changes in mental conditionss Tlaissification is of interest to job design
and the determination of appropriate employee skil. technical skills associated with the
specific service being delivered and interpersskalls to properly interact with customers.

Table 1-3: Services' classification proposed by [Hill, 1977]

Services affecting goods Services affecting persons

Permanent Transitory Permanent Transitory
Physical Reversible Painting aCleaning an Transportation Hairdressing
changes house automobile | of persons

Irreversible | Repair 0] Surgery

machines

Entertainment

Communication

Mental Reversible

changes Irreversible Education

After that, [Mills and Margulies, 1980] have suggekthat services should be approached
based on the critical relationship or personalrfate between the service organization and
the customer. The services organizations are thodidaded into maintenance-interactive (the
aim of the continuous interaction between employaes customers consists in building a
trust and confidence so that the relationship saoed for an indefinite time period e.g.
financial institutions, banks, insurance companiet.), task-interactive (the interaction

between customers and employees necessitates ispeciiniques for accomplishing or
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obtaining a service and thus create a more conmelexion between the customers and the
employees who control more information relativethe client/customer e.g. advertising,
engineering) and personal-interactive servicess (ttype of services focuses on the
enhancement of the direct and intimate well-beihghe customers who are unqualified to
evaluate their own needs and are thus dependéme @mployees e.g. schools, professionals).
The decisions that may change from one class efcgestructures to another are the job
design and the determination of appropriate em@®dlls, as in the classification proposed
by [Hill, 1977].

The customer contact model has been suggested hgs¢éC 1981] where the degree of
customer contact refers to the proportion of titme ¢ustomer is in contact with the service
(service providers and/or material resources) lation to the total service delivery time for
that customer. [Chase, 1981] has thus distinguisteddieen: pure service (high contact e.g.
delivering care to a patient, consultancy), mixed/ige (medium contact e.g. postal services,
branch offices of banks and insurance firms), astmanufacturing (low contact e.g. mail
storing, distribution centers) organizations. Thevie providers’ skills required, the control
measures used and the efficiency of the servicdygtamn process may differ radically from
one type to another. Note that according to theéooonsr contact approach the higher is the
contact level, the lower would be the manageriaiti@d and thus the potential efficiency of
the service system. Indeed, a high degree of custarontact introduces an element of
uncertainty into the service environment that cagatively affect the efficiency. For
example, the interaction with customers may slow d$peed of the service delivery or the
service providers may have difficulties for respegtthe schedules. In order to reduce the
uncertainty involved with providing complex senscecontact-reduction strategies such as
appointment systems or Automated Teller Machinesagpropriate for high contact services
while traditional manufacturing techniques coulteefively be used to increase efficiency in
the low contact services.

Another services’ classification is the servicedess Matrix which has been proposed by
[Schmenner, 1986] and which is based on two caitéhie degree of customer interaction and
customization” and “the degree of labor intensityhe process”. This service process matrix
categorizes service firms into: service factoriesv(labor intensity and low interaction e.g.
airlines, hotels), mass services (high labor intgnand low interaction e.g. retailing,
wholesaling), service shops (low labor intensitg &gh interaction e.g. hospital, auto repair)
and professional services (high labor intensity higth interaction e.g. consultants, lawyers).

The different managerial challenges that face ep@drant are listed in [Schmenner, 1986].
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These challenges are essentially related to theabpes management, human resources
management and marketing fields. The challengesateon the operations management
topic are the following: technological advances,naging demand and scheduling service
delivery for the service factory and service shiogv(labor intensity); scheduling workforces
as well as cost and quality controls for the massise and professional service (high labor
intensity); standardization of processes to assonsistency of service for the service factory
and the mass service (low interaction and custdinizaand maintaining quality for the
service shop and professional services (high interaand customization).

After that, [Wemmerlév, 1989] have selected thremiables for building a services’
taxonomy namely: the nature of the customer/sergigsiem interaction (direct customer
contact e.g. schools, restaurants; indirect coragtcomputer support line; and no customer
contact e.g. mail storing or check processing), degree of routinisation of the service
process (rigid service processes with low levelstagk variety, technical skills and
information exchange e.g. serving in a restaurdnt,cleaning; and fluid service processes
with high levels of task variety, technical skiid information exchange e.g. health care
services, auto repair, etc.) and the objects tosvardich the service activities are directed
(either goods e.g. washing car, people e.g. haingytor information/images e.g. counseling).
Within the context of this classification, the seessystem design decisions such as service
facility location, facility layout, workforce schating, customer scheduling, quality control,
etc. as well as the design of the service processeg based on the variable related to the
type of customer contact. Furthermore, the techrgkdls and general purpose equipment
depends on the degree of routinisation where d 8ervice process requires a high technical
or analytical skill level in the workforce while ghrigid process needs low technical skills
level. For more details on the impact of each facto the managerial issues, the reader is
referred to [Wemmerldv, 1989].

[Silvestro et al., 1992] have also considered smethsions to classify services namely: the
equipment/people focus, customer contact per tcaiosa degree of customization, degree of
discretion (the degree of discretion is consideretbw if the alteration of the service package
can be made only with superiors’ authorization welhsra high degree of discretion refers to
the case where the workforce can alter the chatmyesrvice provision without referring to
their superiors), added value back office/fronicgff(value can take many forms and means
different things to different customers. Addingualimeans providing additional benefits like
selling something at Amazon.com that is less exgengroviding services that are faster or

more convenient such as ordering groceries on Ipesonalising services as when a
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customer goes to an hotel where the staff knovhéigireferences, etc. Note that a service is
considered as front-office oriented if the propmtof the front-office staff to the total staff is
large) and the product/process focus (a serviceomsidered as product-oriented when it
emphasizes on what the customer buys whereas iaesenassumed to be process-oriented if
it emphasizes on how the service is delivered écctistomer). The authors have distinguished
between three types of services: professional sesv(process-oriented services with high
degrees of customer contact per transaction, cusation and discretion where most of the
added value is in the front office e.g. managentamsultancy), mass services (product-
oriented services with low degrees of customer aminper transaction, customization and
discretion where most of the added value is in h#ftke e.g. transport) and services shops
(the levels of the classifications dimensions between the other two extremes e.g. hotels).
Note that in this typology, the service factoryalssent due to the fact that it “has been rarely
applied as a descriptor of service organizatioNgSreover, the service factories represent the
service-oriented manufacturing companies which brectan integrated view of product and
service”. As the different classes of this typologne incorporated in the service process
matrix proposed by [Schmenner, 1986], the impacthaf classification on the Operations
Management decisions is the same as the one rétated Schemenner’ classification.

A service process/service package (SP/SP) posigamiatrix has been proposed by [Kellogg
and Nie, 1995]. The first axis of this matrix i®thervice process dimension which is related
to the degree of the influence of the customer vgha part of the service process on both
service content and delivery. This axis is orgashizeto three categories of customer
influence: the expert service (a high degree ofarusr influence where the customer and the
service-provider work together to define, producel aleliver the service package e.g.
accounting, consulting), the service shop (a mediewel of customer influence where the
customer collaborate with the service provider With some limitations due to the service
standardization e.g. education, healthcare) andehace factory (the customer impact on the
system is very minimal e.g. fast food restaurarithe second axis of the SP/SP matrix is the
service package and the degree to which it is ougtxd and is defined by four categories:
unique (it is full customized e.g. beautician)estive (some parts of the service package are
standardized but the customer can choose from a vadge of options e.g. hotel service),
restricted (most of the service package is stamrkddand the customer selection is limited
e.g. preventive health programs) and generic (tleer® customization e.g. movie theater).
This classification is very useful for understamgithe service operations strategy as it

combines the service package offered with proceed to create the service (such as facility
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layout, facility location, technological choicesbjdesign and capacity management). For
example, the design of facility layout aims at impng the flexibility of the expert service
process, at minimizing the customer travel distafarethe service shop process and at
balancing the tasks among work stations in ordénfiwove the utilization rates of the service
factory process.

The service positioning matrix proposed by [Colbed Meyer, 1998] presents two axes. The
first one is the customer’s service encounter dgtisequence while the second one is the
number of pathways (routes) built into the servgystem designed. The first axis is
characterized by two criteria namely: the degreecw$tomer interaction, freedom and
decision making power in selecting their serviceoemter activity sequence(s) and the
degree of repeatability of service encounter agtisequence(s) (it is related to the frequency
of duplication of a specific service activity seque from one customer to another). The
second axis is defined as follows: the number afum pathways (routes) that customers can
take in the service system during the deliveryhef $ervice and the management’s degree of
control designed into the service delivery syst&ased on these criteria, the authors have
distinguished three states that describe mostcssvicustomers routed services (customers
have broad freedom to select from many possibleesothrough the service delivery system
e.g. parks, museums, surfing the Internet etc-ypated services (customers may select from
a moderate number of routes e.g. consulting, lagdlmedical services) and provider routed
services (customers are constrained to follow & wenall number of possible routes e.g.
newspaper dispenser, automatic teller machine (AE%)). This classification is interesting
from a managerial view point due to the fact thdtecknt decisions vary regarding the
previous criteria namely: job design, process dedagility design, etc.

We can also propose to classify the services bagetthe places of service production and
delivery and consequently on the necessity of sergroviders or customers displacements.
The services can be classified into three claseesservices where the customer travels to the
supplier (e.g. theater, hospitals, etc.), the ses/where the supplier travels to the customer
(e.g. home care, on-site maintenance, etc.) anddabe where neither the supplier nor the
customer move (e.g. call centers, remote maintenaatc.). This classification has an
important impact on the operations management imgeof facility location and the
scheduling of the service providers’ activitieshet short term.

The foregoing discussion shows that classifying dhferent types of services represents a
basis for highlighting the managerial specificitiessociated with each service type.

Moreover, the analysis of the different servicekissifications proposed in the literature
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shows that the classifications that are interestiogn an operations management point of
view, are the ones proposed by [Chase, 1981], [Weram 1989] and [Kellogg and Nie,
1995] as they are more exhaustive in terms of djp@mmanagement related decisions.

Once the type of the service organization is idiextj the managers should determine the
managerial challenges faced by this type of sersicectures and choose the appropriate
operations management techniques which are morpteatiao the specificities of this

structure.

3. Service Operations Management

The Service Operations Management presents sewdffdrences compared to the
manufacturing sector. For example, one of the mmgtortant challenges of the service
operations management consists in the alleviatidheuncertainty aspect that characterizes
the production and delivery of services which stefneen the customers’ presence and
participation in the service production and deljvprocesses. Moreover, the inseparability of
production and consumption as well as the intahtylof services makes standardization of
guality in service context more difficult than imet manufacturing context. On one hand, the
guality management of goods’ production is basetherconformance of quality measures to
specifications. One the other hand, the servicdityudepends on the customer’s perception
of the service. It is then difficult to standardigeality as in the manufacturing context.
Several studies that deal with service operatioasagement have thus been developed in the
literature and can be classified into four classes:

» Application of the methods developed for the prditucmanagement to the services
context for solving the problems that are similarthe ones encountered in the
production context such as transportation of gogasyision of goods (services
involving goods that can be inventoried), etc.

» Study of a specific type of services e.g. healtie cire stations, etc.

* Study of a specific operations management decisign facility location, dynamic
pricing, etc.

» Literature review of the works that deal with seevbperations management.

In this section, we are interested on the fourgetpf investigations which show that two
approaches are possible within the services opasatmanagement context. On one hand,
many researchers have focused on the similarifidsecoperations management related to the
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two sectors and thus asserted that the manufagtaqpproaches are adequate to manage
service organizations. [Bowen et al., 1989] havectaded that “In sum, the extension of
manufacturing concepts to service organizationsréesived considerable attention”. On the
other hand, the services organizations presentuenicharacteristics (i.e. intangibility,
simultaneous production and consumption, perisital@ihd heterogeneity) that differentiate
them from manufacturing systems which explain thath of the references pointed out that
adopting the manufacturing approaches is not plesdile to the fact that “the use of product-
based models and language to describe and manageesieusiness restricts thinking in a
way that limits innovative management approach@siomas, 1978]. For example, we can
not improve the efficiency of the process by apating the demand and constituting safety
inventory levels as in a manufacturing context.

Consequently, research in service operations mamagiehas evolved from a simple transfer
of the manufacturing management concepts to seséctor, to a specific research field. Note
that the service operations management decisioms gr number with the complexity of
service structures. For example, if we consideaidime company, the decisions considered
are: the choice of the countries/towns served leydbmpany; the choice of the network’s
structure (routing, hubs’ localization, etc.); figplanning (how many planes are necessary
for each type of connection); yield managemennhéahyic pricing or revenue management);
medium-term planning of the flights (number of fitg per plane and per day, which plane
would be used for each connection); medium-terrmmptegy of the human resources
(recruitment); allocation of places to the diffeareategories of passengers; allocation of the
equipage to the planes; management of the plaatsidss, strikes, technical problems, etc.
Among the material resources operations manageaidehe airlines companies, we find the
decisions related to the plane acquisition (humiype, capacity); planning of the equipment
maintenance; inventory planning of the goods offetering the flight (meals, drinks, etc).

In this section, we review the major service operat management decisions that have been
studied in the literature. These decisions areddwiinto three levels as shown in Table 1-4.
The first level involves the design of the serveystems. The second level is related to the
planning of service operations at medium and steonh. The third level deals, in turn, with
the very short term planning of service operations.

We remark that this discipline is interconnectedttte other functions in service systems
namely: the human resources management, the magkemd the information system
management. Hence, the characterization of custooreservice providers’ behaviors can be

linked to both service operations management antbhuesources management fields. In the

48



same sense, the selection of the services progosti customers, the identification of the
target market to serve, the definition of pricinglipies represent service operations
management decisions and marketing decisions aatime time. Finally, the interconnection
between the service operations management andhfibieniation system management fields
lies in the design and dimensioning of new techgiel® and information systems as well as in
the automation of a part of the service deliverycpss.

Actually, we are going to focus on some of the apens management decisions that have
been most studied in the service operations manageiterature. Note that the term
“Services Operations Management” covers the amsjitdecisions and responsibilities of
operations in service organizations such as: cardigpn of resources and processes that
create and deliver service to the customer, orgdioiz of these resources (including staff,
equipment, technology and facilities), etc. [Jobnsand Clark, 2005].
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Table 1-4:Examples of SOM related decisions

1. Design of service systems

1.1.Selection of the services proposed to customers

1.2.Identification of the customers and the “target ke#rto serve

1.3.Identification of the strategic quality issues @nsces

1.4.Selection and design of the service delivery systdistricting of the territory,
workforce design, types and number of service ifas| service facilities’ location

etc.)
1.5.Long-term capacity and demand design (equipmeets, technologies, Informatign
systems, etc.)
1.6.Subcontracting or outsourcing the services

1.7.Establishment of contracts with suppliers (goododieps or service providers)

2. Planning service operations at medium and shart ter

2.1.Demand forecasting at the medium and short term

2.2.Yield management and co-production of the servicéhle service providers and the
customers

2.3.Specification of the necessary workforce skills

2.4.Capacity and demand management (selection of thiegies of demand and capacity
equilibrium)

2.5.Medium-term Capacity dimensioning (means of transpar the services of type

“server to customer”)

\J
=~

2.6.Short-term scheduling of the human and materiaue®s (in front office and ba

office)

3. Very short term planning of service operations

3.1.Selection of the resources necessary to satisfgie¢heand
3.2.Management of the achievement of the activitiegrgres
3.3.Scheduling of the activities and the resourcesaatsal to these activities
3.4.Management of uncertainty

3.5.Measuring of service quality

3.1 Design of the production systems of services struses

The first decision related to the design of theviser systems consists in the strategic
positioning which determines the services proposedustomers as well as the “target
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market” (or “target customers”) the company willnse and how it will differentiate its
services from the competitors (what are the expect of the “target customers” and how
the service company can come up to these expews@)i¢Thiétart, 1984].

Identifying strategic quality objectives also reggpts an important issue in the design of
service systems that consists in defining what iguaheans and determining the targets
values of the quality measures that would be aelidy the service structures.

After that, the service delivery system must bagiesd. Indeed, a first design issue is related
to the districting of the territory which consistisgrouping basic units into larger clusters i.e.
“districts” according to relevant criteria. Thes#tér can be related to the activity level
(workload balance, customers equality, etc.) orgghegraphical characteristics (compactness,
contiguity) of the basic units. Adopting this appch by service structures is motivated by the
desire to better cover a territory with the exigtgervice providers or to alleviate the changes
of human resources or customers numbers ([D’Amic@lg 2003], [Blais et al., 2003],
[Benzarti et al., 2011]).

Moreover, it is necessary to design the workfordectv involves the determination of the
types and number of human and material resourcesssary to deliver the services proposed
to the target customers ([Atlason and Epelman, p004

Another issue related to the service delivery systiesign concerns the determination of the
type and number of service facilities (a single-siersus multi-site structure) as well as the
location of these facility(ies). These locationg€pend(s) on the degree and type of contact
with the customer. If a direct contact with the tonsers is necessary for delivering the
service, the location of these facilities must lasda on the proximity to the customers in
order to be convenient to them and to best meat deenand. On the contrary, for services
where direct customer contact is reduced, thissietiis equivalent to the site selection
process for a manufacturing facility which is bassu the costs’ minimization or the
proximity to specific entities. Note that the ssedection is also based on other criteria such as
population density, average family size, averagesbbold income, level of education, age,
etc. as well as labor costs, building costs, distion costs, etc. ([Badri et al., 1998], [Brick
and Uchoa, 2009)).

It is also necessary to design the service sys@gmadity in terms of material resources by
defining equipments, technology and informationteysrequirements which is related to the
survival of the service organization in the highktanarketplace. Indeed, [Kellogg and Nie,

1995] have asserted that a high level of custonozatan be carried out (while the level of
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customer influence on the service process is mifimiaen information technologies are used
in the service delivery process.

Another interesting issue of the service systenmgdesonsists in choosing to subcontract or
outsource a part of the services. Thus, the semieeagers must also select the good
suppliers and the external service providers atabbish contracts with them ([Aksin et al.,
2006]).

3.2Planning service operations at medium and short ten

After determining the type and number of servicalitees as well as the location of these
facility(ies), it is important to plan the servioperations at medium and short term.

The first decision consists in the forecastingha tustomer demand which is characterized
by its uncertainty in order to improve the effiocigrof the operations management decisions
namely: the workforce scheduling, capacity dimemisig, etc. Indeed, [Davis and Heineke,
2002] have asserted that two situations must beeaddd by the service managers: the
sustained growth in demand that necessitates tthiécadof capacity when demand exceeds
the current capacity and the normal variation ahded over time concerned with the labor
scheduling ([Taylor, 2008]).

At this level, a possible decision is related te theld management which is defined by
[Pfeifer, 1989] for the airlines as the “process Wwkich discount fares are allocated to
scheduled flights for the purposes of balancing aenand increasing revenues”. Three
different techniques of yield management exist Hgmbe overbooking (i.e. accepting more
requests for service than can be provided), diffia€ pricing to different customer groups
and capacity allocation among customer groups.pithipose of yield management is to sell
the right capacity to the right customer at thehtigrice in order to control the tradeoff
between capacity and demand. Another way to adaptcapacity is related to the co-
production of the service with the customers tlatsests in making the customers work in
order to adapt the capacity. This decision is eglab a specificity of the service operations
management namely the role and influence of théomer in the service production and
delivery processes where the role of the custonagires from service-receiving role to
service-producing role [Langeard and Eiglier, 1988erry and Lampo, 2000]. Indeed,
customers must be included by service firms asnpialepartners and thus considered as a
part of the organization [Zeitham| and Bitner, 2D0Chis can create managerial challenges

for service structures not founded in manufactusegtor.
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Based on these forecasts, the human resources skitlessary to satisfy the demand are
determined. Within the service context, a part leé service providers’ tasks consists in

customer interaction. The human resources skistlaus of two types: technical skills and

interpersonal communication skills.

It is also important to manage both demand andaigptinat consists in applying strategies

for dealing efficiently with the fluctuations of éghdemand namely: conducting training for

staff, using part-time employees to expand labamstrained capacity, renting facilities and

equipment so that the fixed costs can be reduocedntorying demand by making customers
wait in line and finding ways to divert them, reqgog customers to make reservations,

offering different services, positioning a serveifferently, etc.

The capacity must also be dimensioned at the metitum in order to determine the labor

necessary to satisfy the forecasted demand. Indeednuch capacity results in a high level

of demand satisfaction but generates high costsh®montrary, too little capacity conducts

to the inability to provide services when needesulting in losing both current and future

customers. For example, the means of transportseacgeto deliver services in the “server to

customer” structures must be dimensioned.

After that, the human and material resources massdheduled at medium and short term
based on the demand forecasting related to the @uofbcustomers and the time of their

arrival while taking into account the mean sentioges and the service providers’ iliness and
vacations or the equipments’ availability ([Bardaét 2003], [Kabak et al., 2008], [Pasin and

Giroux, 2005], [Ingolfsson et al., 2002]Clievalier et al., 2004], [Duffuaa and Al-Sultan,

1999).

3.3Very short term planning of service operations

The planning of service operations at the verytsteosm is translated into the selection of the
resources necessary to satisfy the demand badhe skills needed to manage and work with
customers, the management of the activity priaritiad the scheduling of these activities as
well as the scheduling of the resources selected.

At this level, the service managers must manage utheertainty that characterizes the
production of the services which are co-producedtiy workers and the customers.
However, the customer’s ability to participatehie service production and delivery processes

and the degree of interaction with the service jlens can distort the predictability of service
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duration. The customer presence and participateom tbus be considered as a source of
uncertainty [Klassen and Rohlender, 2001].

After that, the service quality would be measured eontrolled. The measurement of service
qguality represents thus an important issue in tbey wshort term planning of service
operations. Indeed, quality service is a large ephaevhich encompasses many dimensions
that includes; according to [Johnston, 1999]; ality, flexibility, reliability, security, etc.
[Parasuraann et al.,, 1998] have presented five riiioes of the global measurement for
service quality namely: reliability, tangibility,esponsiveness, assurance and empathy.
Contrary to the manufacturing goods whose qualty been well defined and measured, the

guality in service sector remains largely undefiaed un-researched [Chase and Apte, 2007].

In this section, we reviewed the literature relatedservice operations management and
distinguished three decision levels: long term, -teign and operational level. What is
important to say is that at the different decisievels, the impact of persons on the service
system performance is of huge importance. This muaspect can stem from both customers
and service providers’ behaviors. However, we réntaat most of models developed for
solving SOM problems ignore the importance of thnhn factor in real systems. Indeed,
[Boudreau et al.,, 2003] have asserted that most @Mlel-based research often uses
oversimplified assumptions requiring that peoplke @) not a major factor in the phenomena
under study in the sense that human side is omgttéicely, (2) deterministic in their actions,
(3) predictable in their actions, (4) independehbthers, (5) not part of the service i.e. the
impact of system structure on how customers interath workers is ignored, (6)
emotionless, (7)“stationary” i.e. no learning, dness or other patterns exist and (8)
observable i.e. measurement error is ignored.

It is thus necessary to incorporate behaviourahggules into descriptive, simulation and
optimization models used to analyze and improveicersystems. As the success of service
operations management tools and techniques rediasilit on the understanding of human
behaviour, the real research challenges consist itheproperly describing the impact of
customer behavior, in better understanding the arobdehavior and in predicting how this

would affect the delivered quality of service.
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4. Health Care: a special service type

Until now, we have analyzed different types of gy at a generic level by defining what the
service concept means, presenting their charattstiseviewing the typologies proposed in
the literature and discussing the major trendseirvise operations management research.
Indeed, the human behaviour seems to be a prayattiaracteristic in the service sector.

In the rest of this chapter, we are going to foousa significant service type in most of
developed nations namely the health care areaethdbe service delivered by a system of
care delivery (for example doctor’s surgery, hadpiiome health care structures) consists in
accomplishing care activities (specification, protiibn and delivery of care) in order to
transform (improve or stabilize) the patient stggghysical or psychological). This
transformation intends to re-establish or imprdwe c¢linical and/or psychological conditions
of the patient. The care delivered to the patieah de of different types: medical,
paramedical, psychological, social and even ofvdeing goods (drugs, medical equipments
used at home, etc.) within the context of delivgroare at home. These care necessitate the
involvement of different actors as well as the dbuotion of the patient by providing the
necessary information to the care givers eitherdigctly describing his/her aches or by
measuring his/her state (blood analysis, scannel), @he patient is thus at the same time
consumer and producer of care, his participatiotihéotreatment depends on different factors
such as: the level of knowledge about the dise@se Which he/she suffers or the treatment
he/she receives, his/her emotional conditions, adiseprogress, etc. The influence of the
patient in the care delivery process (specificatiad production of care) is related to the co-
productive nature of the health care service: #iteept can make an auto-diagnosis, he/she is
physically present during the production and delivef services at variable degrees and
based on different modalities, he/she developsrant®ns with the production of care
service. The patient has thus a crucial role afewiht stages of the service production
namely: the stage of the specification of care ifteeto ask for care, answer exhaustively and
honestly to the doctor’s questions, approve ottinetreatments proposed by the doctor, etc.),
the production stage (provide samples for the @malyespect the protocols of analysis, etc.)
or the treatment stage (take the prescribed mextiagegularly). The human factor is thus very
important in the care delivery process where difcult to anticipate or control the patients’

reactions.

55



The health care system is also characterized bylitrersity of services provided where the
care delivered to the patients are unique dueddabt that care are adapted to the patients’
needs based on his/her medical state, his/herfgpatiributes (age, weight, dependence
level, personal preferences, psychological sitmafimancial situation, etc.) and can thus lead
to a partial differentiation of the patient’'s trewnt. Indeed, the patient path evolves
according to his/her state but also according e atailability of resources. As the service
guality is essentially based on the patients’ garoas, the service must be conceived in such
a way that the care are adjusted to the needsabf iedividual patient so that the patient
would be confident in the individualized care thatshe would receive in response to his/her
needs.

Moreover, the health care system is also charaeiy the operations uncertainty. Indeed,
the participation of the patient represents a soofovariability which is inherent to the health
care service and can generate delays or additcmsa$ to the care suppliers: the patients can
sometimes provide incomplete information during stege of the specification of care, can
not formulate their needs or achieve certain aatwirelated to the care production, etc.

The health care system is also characterized bydehishability of its production capacity:
this type of systems creates an added value by#aa of the availability and expertise of the
human and material resources, when these rescareesused, the added value that could be
created is lost due to the fact that the servieesrmot be produced before the receipt of the
demand. The perishable aspect of the capacityss adlated to the randomness of the
demand. Indeed, even if a part of the demand digieble (seasonal pathologies, scheduled
activities, etc.), the demand enclose a randomrpkated to the nature, volume and frequency
of the demand (level of care necessary to eachlgmff patients, occurrence of emergencies
or natural disaster, etc.). Different strategies ba used to balance between the demand and
the capacity: it is possible to develop the fleiitipiof the capacity by relying on temporary
workers, by improving the polyvalence of care geydyy using the new technologies such as
the telemedicine in order to improve the produtfivby resorting to the sharing of the
capacity or the externalization of a part of theduction. It is also possible to develop
approaches such as co-production of the servicendmge involving the patient and his/her
family in the production of a part of the service.

The care delivery activities are supported by oizgtional activities. Indeed, the delivery of
care in a hospital is generally achieved by heaittits where patients can consult doctors or
be hospitalized. This main activity of care delives supported by additional services related

to the logistic sector namely: services of hotetibess, catering, patients’ transport, waste
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treatment, equipments maintenance, etc. [Gourg20@B] has thus asserted that the hospital
represents a system that interacts with entitias phovide logistic or medical services. The
author has thus assimilated the hospital system sopply chain by defining the hospital
supply chain (HSC) as a set crossed by human, m@mlaterformational and financial flows.
This set is composed of varied and autonomous ientigsuppliers, hospital services
(emergency medical service, surgical units, phaymaardiology, etc.), logistic providers,
medical providers, etc.) that use limited resour¢ese, equipments, capital, human
resources, etc.) and coordinate their actions gir@an integrated logistic process in order to
improve the collective performance (patient satisfe, global optimisation of the hospital
system functioning) as well as the individual parfance (maximisation of an entity profit).
[Gourgand, 2008] has also asserted that the hbsgatems need to organize their structures
in order to reach the goals of costs’ reductiortiepés’ satisfaction and time management.
For achieving this, the hospital systems needs gemnant and decision-aids tools adapted to
their specificities.

In the rest of this chapter, we are thus going dou$ on the health care operations
management where the health care represents “omleec$ectors where the principles of
scientific management and of its successor, indlistngineering, were applied early on”
[Chase and Apte, 2007].

5. Review of research on health care operations managent

Due to the complexity of the health care contexiclwimainly stems from the demographic,
social, organizational, political, strategic andchieological evolutions; health care
organizations are under tremendous pressure taderaffective and efficient health care
services by satisfying the patients and reducirggscJun et al., 1999], [Butler et al., 1996],
[Harper and Pitt, 2004]). This is guaranteed byuo®ay patient waiting time, shortening the
length of stay within health care organizationsjntaning adequate staff utilization rates,
insuring the availability of operating rooms, efklun et al., 1999], [Butler et al., 1996]).
These health care challenges represent the maratapes management issues.

Although many problems related to the operationeagament in health care context are not
analytically different from problems in other indiuss, different problems are unique due to
the characteristics of the health care deliverytesysnamely: the difficulty of measuring
guality and performance; the possibility of theigmatis’ death or low quality of remaining life;

the multitude of decision-makers (physicians, nsired administrators); the variation of the

57



health care system from country to country but alswmiation between hospitals and
alternatives to hospital; the intrinsic uncertainfyhealth care needs, demands and outcomes,
etc.

Indeed, health care operations management haseevapidly over the past decades in order
to support the health care delivery process withudtitude of applications i.e. public health,
community service planning, patient scheduling aubissions, technology acquisition,
workforce management, quality management, etc. Duhe important number of papers
dealing with this area, many authors have reviewe literature related to health care
operations management and proposed several otasgifis of the existing literature.

To our knowledge, the first literature review reldto health care operations management has
been developed by [Fries, 1976] who has groupegdpers reviewed into categories based
on the area of their application namely: healttustahealth planning and program evaluation,
forecasting demand, hospital location, ambulancpiirements and deployment, hospital
occupancy-bed complement, hospital occupancy-gkeaddmissions, special facilities size
and scheduling, staffing, appointment systems, itedspnventories, blood banking,
examination scheduling and miscellaneous. Aftert,the same author developed a
complementary literature review in [Fries, 1979 auded three new sections: the control of
epidemics, the use of auxiliary medical personndltae medical management of patients.
[Pierskalla and Brailer, 1994] have also surveyeel health care operations management
related papers and categorized them under three topics: system design and planning,
management of operations and medical management.

More recently, [Li et al.,, 2002] have classifiedppes into long-term structural decisions,
infrastructural operations decisions and produstivimprovement program. Long-term
structural (facility and service choices) decisiansolve location facility, capacity and
equipment/process technology. Infrastructural dpmra decisions are more tactical and are
related to workforce management, production plagrand control, quality assurance and
organization design. Productivity improvement peogs are related to quality management
and continuous improvement.

After that, [Fone et al., 2003] have also revieviieel discrete event simulation modeling in
health care delivery. The authors have identifiece ftopics: hospital scheduling and
organization, screening and miscellaneous, infacaad communicable disease, costs of
illness and economic evaluation.

Finally, [Brailsford and Vissers, 2011] have cléissi the health care operations management

papers according to two criteria: the stages ofeltgng and managing a service and the
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level at which the process is taking place. Fitat,development and management of a service
is composed of nine stages: identifying consumguirements, designing a new service to
meet these requirements, forecasting demand fdr auservice, securing resources for it,
allocating these resources, developing programs @ads to use these resources for
delivering the service, establishing criteria fervdce delivery, managing the performance of
the service and finally evaluating its performanSecond, the authors have proposed three
decision making levels namely: the individual patier provider level, the unit or the hospital
level and the regional or national level.

The purpose of this section is to present the rhaaith care operations management research
issues that have been considered in the literafime presentation of these issues is based on
the classification proposed for service operatimasiagement decisions in Section 3 to which

we add medical management related decisions tbaparcific to health care services.

5.1 Design of health care structures

The first decision related to the design of thelthezare systems that has been studied in the
literature concerns the selection of the servicepgsed to customers ([Rizakow et al., 1991],
[Schneider, 1981], etc). This long-term decisionrédated to hospital business strategy
defined by [Shortell et al.,, 1985] though the fallog questions: what services the
organization should provide? How the hospital sta@dmpete with the selected services? In
other words, the design of the health care systamserns first the choice of services related
to the types of inpatient services (services tleguire an overnight stay of the patients in
hospital) and outpatient services (services dedt¢o patients admitted to a hospital or clinic
for treatment that does not require an overnigéy)sbr other community oriented activities
such as wellness programs and day care centeref®ttal., 1996].

Another long-term decision that has been considenedhe literature is related to the
contraction, opening, expansion or integrationas’/£es and/or construction of new facilities
and departments. This decision represents an iamodnd recurrent question which is
complicated by the interdependency of the senvicdgealth care institutions [Pierskalla and
Brailer, 1994].

Furthermore, the facilities location is anotherigien which is based on the balance between
the closeness to customers and the minimizatiofocdtion and operations’ costs. This
decision depends on a number of factors such asahee of the area where the location

would be implemented (i.e. urban areas versus aneds), population density, etc. Health
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care facilities location decisions have been dskiby [Pierskalla and Brailer, 1994] into
five categories: the regionalization of health da&lities, the sitting or removal of a simple
facility, the location of ambulatory neighborhodthics, the location of specialized long-term
care facilities and the sitting of emergency mddseavices (EMS). In addition to the factors
previously mentioned, the sitting of emergency roaldiservices (EMS) also depends on
additional factors such as accident density or rtvadsport systems and necessitates the
establishment of performance standards i.e. thermar response time requirements.
Moreover, the design of the care delivery systesties on the workforce design that consists
in determining the number and the skills of theecgivers (nurses, technicians, physicians,
etc.) needed at different times i.e. quarterly, isemually or annually such that the supply
level match the demand level while guaranteeingepiable patient waiting times,
minimizing inefficiencies and delays in deliverihgalth care service and maximizing staff
utilization rates. This workforce plans includesrg, training, transferring between jobs and
discharging [Pierskalla and Brailer, 1994].

Similarly to the workforce design, the capacity mume designed which consists in
determining the total capacity needed in the healtfanization (capital equipment capacity,
total bed capacity, total room capacity, medicalhtwlogies, information systems, etc.)
necessary to meet the demand, satisfy the patemtsmaximize the equipment utilization
rates which enables the health care organizationaimtain its profitability and quality level
as well as to develop its competitiveness.

Once the necessary workforce and capacity are diimeed, they must be allocated to the
different services (surgical services, ancillaryveses, operating rooms, recovery units,
intensive care units, etc.). After that, the work&Jcapacity of each service must be assigned
across a number of specialties (allocation of dpegaoom capacity to surgical specialties,
etc.) ([Vassilacopoulos, 1985], [Dumas, 1985]).

5.2Planning health care operations at medium and shotierm

The objective of this class of decisions is to jlevtechniques that allow the use of existing
resources in the most efficient way. These decssiare related to demand forecasting at
medium and short terms, patient scheduling, stiiéduling, etc.

First of all, the demand forecasting is of huge am@nce due to the fact that it may influence
almost all the operations management decisionsnigfeetzky et al., 1982]Kao and Tung,

1980], |Kao and Pokladnik, 19738]Consequently, improving the methods of forecasthe
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demand would improve the efficiency of the careveey process. [Perskalla and Brailer,
1994] have presented the main forecasting techsido@t have been used in health care
settings based on the papers of [Harrington, 18rd][Hogarth and Makridakis, 1977].
Through the demand forecasting, the health carectsiie can determine the skills of the
workforce necessary to satisfy the demand. In otdeguarantee the availability of these
skills, health care structures must improve sthkibility by increasing staff training and
enhancing their skills [Li et al., 2002].

After that, the activities of the workforce must $sheduled. Indeed, most of works that deal
with the workforce scheduling focuses on the ngrsinheduling problem and especially in
shift scheduling where shift schedules are develapea daily basis for each nurse for four to
eight weeks ahead to match between nursing staifadiities and the expected workload
among units [Ernst et al., 2004], [Pierskalla arrdilBr, 1994]. Indeed, the objective of the
shift scheduling consists in satisfying the paséemeeds at minimal costs. Despite this, the
shift scheduling must develop personnel satisfadbyp meeting the care givers’ preferences,
allowing days off and distributing night and weetteshifts equitably among them. In
addition, the shift scheduling must also respeet working regulations in the health care
context for example the maximum length of a woritsthe number of day off per week, etc.
Among the policies developed for this problem is ttyclic schedule within which all the
nurses perform exactly the same shift (day on aydodf).

The use of the material resources can also be sldtkdo that the objectives of minimizing
patient waiting times and maximizing the facilitiegilization rates are reached. Different
scheduling policies have then been developed inlitheture. For example, [Murphy and
Sigal, 1985] have developed a simulation modelter surgical center scheduling using the
block scheduling method where a block time of agmat operating room is booked to a
surgeon or a group of surgeons. [Ritzpatrick et 93] have also studied the first-come-
first-served scheduling, variable and mixed blockesluling for the operating rooms where
the variable block scheduling considers the fluitumeof the demand.

Another way that allows the improvement of the hiadgosts’ performance is the patient
scheduling which allows the matching of the demarith the supply of service available
while satisfying both patients and health care iJEone et al., 2003]. Indeed, according to
[Li et al., 2002], hospital must “develop guideln® manage the issues of hospital inpatient
admission, inpatient and outpatient surgical sclesdbased on expected length of stay and

the mix of diagnosis related groups (DRG)". Thigitoconcerns the trade-off between patient
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waiting times and staff utilization and thus allowse reduction of staffing costs and
congestion in hospitals.

First, the outpatient scheduling involves fixing tfmes of the appointments in a given day as
well as the duration of time between these appa@nts1 Despite this, the outpatient
scheduling includes determining the types of humemources who will be responsible for
delivering care to the patients [Jun et al., 1999jree methods are used to design the
appointment system: block scheduling ([Penneys, 0PpPOmodified block scheduling
([O’Keefe, 1985]) and individual scheduling ([Visseand Wijngaard, 1979]). The difference
between the two first scheduling is that in thetfione, all patients are scheduled for one
appointment time and then served on a first-coms-8erved (FCFS) basis while in the
second scheduling, the day is partitioned into Enélocks and smaller sets of patients are
scheduled into those times [Pierskalla and Braileg4]. Despite this, [Williams et al., 1967]
have asserted that the block scheduling emphasizesinimizing the care givers’ idle time
whereas the objective of the modified block schiedul to reduce the patient waiting time.
Second, the inpatient scheduling whose objectivisists in optimizing the trade-off between
patient satisfaction and hospital efficiency issslified into three interrelated dimensions: the
daily scheduling of elective admissions (electiimessions are those which occur as a
consequence of referral to hospital by a genegdtppioner, medical consultant, a visit to the
hospital outpatient department or a planned transten another hospital) and emergent
admissions into the corresponding units of the hals()Kolesar, 1970]), the daily scheduling
of inpatients to the corresponding units of thepitas for treatment or diagnoses through their
stay ([Kuzdrall et al., 1981]) and the scheduliighe discharges of patients to their homes or
other care delivery institutions ([Trivedi, 1980Nevertheless, according to [Pierskalla and
Brailer, 1994], the shortcoming of the studies diewed within this context is that they
consider only the inpatient scheduling in a sirggevice of the hospital without considering
the other services such as radiology, laboratdoy, by which the patient can pass during his
stay within the hospital which would conduct toend the length of stay unnecessarily. This
can be explained by the relatively poor internakéasting and information systems in the

hospital.
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5.3Very short term planning of health care operations

Among the decisions related to the very short tplamning of service operations within the
health care context, the management of uncertdiasybeen studied in the literature. Note
that the uncertainty that characterizes the dajperations is related to the permanent
interaction between patients and care givers whetrbea available at the appropriate times
for different patients 24 hours per day and 7 dasrsweek. This variability is thus managed
by the corrective allocations which represent, ediog to [Pierskalla and Brailer, 1994], the
third decision level of the workforce planning ascheduling. These allocations are done
daily by respecting the individual preferences, kirng conditions, individual availabilities
and capabilities. Despite this, these correctivecations allow the meeting of the expected
response times for emergency services.

Another topic related to the health care operatrnagagement at the very short term that has
been studied in the literature is the service ¢paheasurement. Indeed, measuring and
reporting quality is a key question in the heakltineccontext due to the fact that it allows the

monitoring of the patient and employee well-beiBgtler et al., 1996].

5.4Medical management

This type of decisions is specific to health canel anvolves patient disease detection and
treatment at policy and patient levels. [Pierskalta Brailer, 1994] have distinguished two
medical management decisions namely: screenindisease and clinical-decision making.
First, the operations research models developddmitite context of screening for disease are
related either to medical diagnosis or diseasectieteby means of tests which can be applied
to an individual i.e. ‘individual screening’ or targe subsets of the population i.e. ‘mass
screening’. These cases are modeled differentlytaltizge distinctness between the objectives
of the decision makers as well as to the conssant parameters affecting these decisions.
The literature contains the application of a langaiety of decision models including
mathematical programming, Markov decision and satioih. Note that the works that deal
with the screening for disease cover contagiousagiss e.g. HIV, hepatitis A, B, syphilis, etc.
as well as non-contagious diseases such as cdmeeet,disease, malaria ([Fone et al., 2003]
and [Pierskalla and Brailer, 1994]). On one hahd,ihdividual screening’s objective may be
to extend life, to minimize the expected detectietay (the time from disease incidence until

its detection) or to maximize the lead time (thmedifrom detection by screening until self-
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detection or until symptomatic). The constraints/rna related to the screening effectiveness,
reliability of tests and the lead time gained fratatection, the individual's ability or
willingness to pay and the parameters to the iddiai's characteristics (age, sex, prior
histories, etc.). On the other hand, the mass sitrg's objective consists in minimizing the
expansion of the contagious diseases in the populaby studying the risk factor
development which would be used for the planningntérvention strategies or information
campaigns [Lagregen, 1998]. Moreover, mass scrgepnotocols are chosen based on
several factors namely: the trade-off betweenngstbsts and testing benefits to be achieved
from detecting the defect in an earlier stage ektioment, the reliability characteristics and
costs of testing technology chosen, the frequeridgsting decided, the susceptibility of the
different subpopulations to the disease, etc.

Second, a growing area of both health servicesarelseand operations research is related to
the development of operations research methodadgreclinical decision-making to prevent
diseases and to manage ill persons. This area ces\the mathematics; structural analysis of
operations research and solution approaches imgumptimization and simulation as well as
a deep knowledge of biological, economic and sogickl aspects of patient care. According
to [Pierskalla et Brailer, 1994], the use of demisanalysis for the clinical decision-making
can be divided into three areas namely: aid insthécturing of medical decisions, improving
the performance of testing strategies and of disgmoaccuracy for chronic and acute
conditions as well as analyzing health care pdicad those policies that affect large
populations. Different tools can be used: decidi@es for complex problems, simulation
models for problems that are either too complegamtain states that are highly independent,
tree structuring and network modeling, cost effemtiess analysis (CEA) or cost benefit
analysis (CBA), etc.

6. Conclusion

In this chapter, we considered a growing sectortiea modern developed countries’
economies namely the service sector. We aimedttsrwefining what service means in order
to improve the qualitative understanding of servisgstems characterized by their
heterogeneity. We also presented typologies thae hmeen proposed in the literature to

classify the different types of services. Basedhmse typologies, we extracted the essential
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differences that exist in terms of managerial @makes between manufacturing structures and
service structures on one hand and between thereliff classes of services on the other hand.
Another contribution of this chapter is to highlighe major decisions of service operations
research such as districting of the territory, Ifies location, workforce scheduling, etc. We
then focused on a specific type of service on whieh human behaviours of both service
providers and customers are of huge importance lyathe health care service that we
analyzed by defining it, characterizing it and syimg the literature related to operations
management methods and tools developed for this éypservice. This review pointed out
that the workforce planning and scheduling is aamajctivity within the health care
structures due to the importance of both clinicapeératives and staffing costs. Indeed,
[Brailsford and Vissers, 2011] have asserted thatpiapers that deal with workforce planning
and scheduling represent 24% of all papers presemt®RAHS meetings between 1975 and
20009.

Based on the work carried out in this chapter, are gresent some areas for future research.
First, developing an empirical study related to thessifications of services represents an
interesting research challenge. This study wouldwalthe validation of the differences
between the different classes of services that baea highlighted in this chapter through the
guantitative and qualitative analysis of suitalglets, observations and experiments. Based on
this validation, it would also be possible to pam/ia more evolved service operations
management decisions framework customised accordirthe type of service considered.
Moreover, identifying the quality indicators foraatype of service is essential to help the
service structures to control the consistency efgérvices delivered to the customers and to
define policies for finding solutions if the sergiquality is not satisfactory for the customers.
Again, based on empirical work, we can identify thmre suitable quality indicators
associated to each class of services.

Second, as explained in Section 3, the impact@fp#rsonnel behaviour on the efficiency of
the service delivery system is very important. balestudying how human resources
practices interact with the service delivery pracasd influence the performance outcomes is
interesting. Modelling this interaction and intetgrg it in operations management models are
challenging research directions. In the same finding ways to motivate service providers is
also an interesting operations management/humarunes management issue that would
yield to the improvement of customer perceived isenguality and the profitability of the

service delivery system.
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Finally, despite the important growth of modellipgpers as well as the relevance and
reliability of the models’ results, the number @ifpers that deal with the outcomes of models’
implementation is very modest ([Wilson, 1981], [Buly, 2002], [Fone et al., 2003]). Indeed,
[Wilson, 1981] have considered that operations axese studies are difficult to implement
within the health care context due to the abseri@e decision-making hierarchy and due to
the predominance of the political considerations té decisions. Consequently, the
development of works that test the implementatibthe tools and models developed in real
hospitals represents an opportunity for the opanatmanagement researchers.

The review of health care operations managementetlaaiso showed that the application
which has been most considered by researchers isagpital context. This can be explained
by the strategic role of hospitals within the heedine delivery system. However, over these
last decades, the health care system is movingrttsngromoting new modes of health care
delivery that are alternatives to the traditionaspitalization in order to improve the
efficiency of the entire health care system. Asséhalternatives are facing new challenges,
operations management models are also developathwiitis specific context. In the rest of
this thesis, we are going to focus on one of thessrnatives namely Home Health Care

(HHC) service providers.
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CHAPTER 2

HOME HEALTH CARE OPERATIONS MANAGEMENT

1. Introduction

The health care system mainly consists in the kalspector (regional hospitals, general
hospitals, private hospitals, clinics, etc.) and tambulatory sector (doctors’ offices,
pharmacies, Home Health Care structures, Nursingéso specialized treatments at home,
in-home support services, etc.) [Bonnici, 2003].isThector is thus characterized by the
diversity and the recent development of alternatieethe traditional hospitalization.

In this chapter, we focused on one type of thesaraltives namely the Home Health Care
(HHC) which has been created in order to solveptioblem of hospital capacity saturation by
allowing early discharge of patients from hospaaby avoiding their admission [Jones et al.,
1999]. Furthermore, HHC aims at satisfying clinjcpbychological and social needs of
patients by providing them at home the necessamices delivered by formal and informal
care givers [Tarricone and Tsouros, 2008].

During this last decade, this type of structurest thas emerged as a real substitute to the
traditional hospitalization has known an importgrawth. In fact, the total number of HHC
structures in France rose from 68 in 1999 to 123085 and to 231 in 2008. More precisely,
the HHC activity in France has evolved between 2808 2008 by 84% in terms of number
of days and by 78% in terms of numbers of sojoufile average duration of stay remains
stable and is equal to 15 days whereas the avagggef the patients has increased from 61 to
63 years old. Note that in 2008, 60% of the sojsware related to perinatality, palliative care
and care protocols related to the cancer diseasafidiet al., 2010].

The development of this type of structures has baecelerated by the continuous
governmental pressure to contain the health casts,cithe demographic changes related to the
ageing of the population; the increase of the nunddepeople having chronic illnesses,
physical and mental disabilities as well as by diegelopment of new technologies such as

nanotechnology or telemedicine.
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Therefore, HHC represents social and economic stéikeimproving or maintaining the
medical, psychological and social welfare of paseat home while containing operations
costs. However, despite the importance of this tfpeealth structures, the number of studies
dealing with Operations Management within the HH@ntext remains modest. HHC
structures thus fall behind hospitals in terms pérations management and organization of
the care delivery process.

The objectives of this chapter are thus twofoldstfiwe give a general overview of the HHC
by defining it, analyzing its evolution within tHgench context, etc. Second, we analyze the
operations management issue by reviewing the model®loped in the literature and
identifying the complexity factors that operatiomanagement has to face in the context of
HHC structures. We would thus underline the netgsdideveloping approaches adapted to
this type of structures in order to better organimedelivery of care by improving the service
guality towards patients as well as towards cavergiwhile reducing the operation costs.

The remainder of this chapter is as follows. Wargein Section 2 the HHC and analyze its
evolution within the French context. We also préserSection 3 the factors and barriers to
its development as well as its advantages and vhsdages. After that, HHC costs are
analyzed. We also examine the different complefatyors and analyze how each factor can
affect the organization of care delivery in Sectidn Section 5 surveys operations
management based models proposed in the literaitinen the HHC context and points out
the complexity factors that have not been consdlénethe HHC operations management

based models. Concluding remarks and perspectiegzravided in Section 6.

2. Appearance and evolution of HHC in France

One of the dominant characteristics in the delivaihhealth care over the past decade has
been the development of different types of alteveat to the traditional hospitalization.
Indeed, the economical context of the health cgstem explains the necessity of reducing
the number of hospital beds i.e. the hospitalizatate. As a consequence, many aspects of
care now take place in alternatives to the tradgidospitalization that allow, aside from the
reduction of the hospitals’ deficits, the improvernef the patients’ living conditions.

The different alternatives that exist in France barclassified according to [Zerbib, 1990] as
follows:

» Alternatives inside the hospital: day care hospéaibulatory surgery, etc.
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» Alternatives in open structures (for the psychdatsector): psychiatric day care,
psychiatric night care, therapeutic houses, etc.

* Alternatives in patients’ homes: Home Health Caxeyrsing Home, Specialized
Treatments at home (self-dialysis at home, bregtlissistance at home), In-Home
Support Services.

In the rest of this chapter, we are going to deh wne of these alternatives namely the
HHC.

2.1 Appearance of the HHC in France

The concept of HHC was initiated on 1947 in thetethiStates. After that, the first HHC
structure was created in Tenon Hospital in Franc@3b1 followed by the HHC structure of
the APHP on 1957 and the structure “Santé-serviops'958.

In parallel to the creation of these structures,léyal existence of this type of hospitalization
has been declared on the hospital law of Becember 1970 that has specified that “the
services of the hospitals can be extended at hsuatgect to approval of the patient or her/his
family, to continue the delivery of care with tharpcipation of the attending physician.” On
1973, the National Federation of Home Health CareicBires (Fédération Nationale des
Etablissements d’Hospitalisation A Domicile-FNEHADas been set up in order to group
HHC structures and on 1974, a medical and admatigér structuring of the HHC has begun
with the apparition of a law and a circular whdre medical and social criteria for patients’
admission as well as the conditions of their caeed@scribed.

Thereafter, the HHC has been recognized by theulgircof 13" March 1986 as an
intermediary structure between the hospital and ahwulatory sector where “the HHC
recovers all the medical and paramedical care el@d/at home to patients whose state does
not justify their keeping in hospital. These caravén to be of a nature and intensity
comparable to those who might be delivered to thgmin a traditional hospitalization.”
Afterwards, the 3% July 1991's hospital reform and th82ctober 1992's decree have
recognized the HHC as an alternative to the trawii hospitalization and have defined the
specific role of the coordinating physician and theses as well as the continuity of care,
permanence of care, HHC prescription’s modalitiets, Additionally, the decree of"®
October 1992 indicates that the care are insured fonited but reviewed period according to

the evolution of the patient’s therapeutic progetined as being a project which “formalizes
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all the clinical, psychological and social careessary for the state of the patient”. Moreover,
the types of care givers necessary, the duratioth@fpatient’s sojourn within the HHC
system, the drugs to administrate, the frequendyaarerage duration of visits, the times and
place of care delivery, the additional home help the patients may need as well as the
modalities of exit from the HHC structure are sfiediin the therapeutic project.

More recently, the 3DMay 2000’s circular specifies the admission ciéitemd the objectives
of care where “the HHC concerns the patients afédty acute or chronic, evolutionary or
unstable pathologies ".

Moreover, the # February 2004’s circular defines the terms ofateission in perinatality,
pediatrics and psychiatry which enlarge the scdmaue practiced in HHC structures.

This voluntarist politic of the authorities has sheonducted to an important development of
the HHC in terms of number of structures and nunadbgratients admitted as we are going to

explain in the following sub-section.
2.2Evolution of the HHC in France

The HHC sector has known an important growth siitsecreation sixty years ago and
especially over this last decade as shown in Figutelndeed, the number of HHC structures
has increased by 87.7% between 2005 and 2008. dothensame period, the number of days
during which patients are followed up by HHC’s caywers has rosen steadily from
1 505 814 to 3 298 104 which correspond to an aszef 119.02%. Similarly, the number of
patients has increased by 147.52% between 2003G0&1

2 http://www.fnehad.fr/images/stories/1.Evolutionfref HAD_0509_Site FNEHAD.pdf
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Figure 2-1: Evolution of the HHC structures number in France

According to [Durand et al., 2010], all the regionave known an increase of the HHC
activity over the last five years, but with incaast proportions. More precisely, the average
coverage rate i.e. percentage of the territory eh#idC structures deliver care, increased by
14.70% between 2008 and 2009 but this coveragevaaies from region to another i.e. +10%
in lle-de-France, +78% in Languedoc Roussillon, %36h Champagne Ardenne, etc.
Consequently, the supply and the activity of HHE sitill inequitably split over the French
territory where the HHC structures are distributegqually between urban and rural regions.
In Table 2-1, the number of structures and numbeags during which patients are followed
up by HHC's care givers in each region over 20@pmesented. According to [Durand et al.,
2010], the nature of care delivered to the patiais varies from a region to another. This
heterogeneity is due to the unequal geographicdtillution of the population over all the
territory, the importance of the transportation dénin rural zones, the existence of an
important number of hospitals in the urban zoneglvrepresent a source of patients that can
be potentially admitted in the HHC structures, tlependence of the creation of an HHC
structure on the regional health politics [ZerldiB90].

Additionally, the HHC system is characterized bg thversity of its structures in terms of
size with a majority of “small structures” as showm Figure 2-2. Indeed, according to the
circular of £' December 2006, the “desirable minimum level ofvitgt’ is set up at 9000

days per year.
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Table 2-1: HHC activity per region in 2009

Number of Number of Number of days/
Region HHC structures| days 100 000 habitants
lle-de-France 16 849 838 7 238,70
Champagne-Ardenne| 7 26 413 1 916,80
Picardie 15 108 810 5 585,80
Haute-Normandie 10 65 945 3 549,80
Centre 12 108 060 4 159,30
Basse-Normandie 13 91 046 6 047,50
Bourgogne 16 63 004 3 737,60
Nord-Pas-de-Calais 16 279 919 6 842,10
Lorraine 19 53 915 2 251,60
Alsace 8 74 360 3 998,80
Franche-Conté 8 47 831 4 001,80
Pays-de-la-Loire 8 120 028 3 348,20
Bretagne 10 112 330 3 488,90
Poitou-Charentes 11 78 814 4 393,30
Aquitaine 13 189 264 5 845,60
Midi-Pyrénées 15 114 853 3 974,40
Limousin 5 57 474 7 568,20
Rhdne-Alpes 26 288 082 4 634,60
Auvergne 7 45 237 3 274,20
Languedoc-Roussilon 13 42 830 1 637,20
Corse 3 28 135 9 239,70
PACA 26 289 704 5 858,70
France 298 3298 104 5071,60

Beyond their sizes, HHC structures also differ adicmy to their legal status [Aligon et al.,
2003]. Indeed, these structures can be of fourstypeblic, PHPS (Participating in the
Hospital Public Service) private, associative pieyarofit-making private. The biggest part
of the activity (64%) is carried out by non-profmaking private (PHPS private and
associative private) structures. The profit-makpriyate sector deals only with 9% of the

HHC activity in 2009 while the public sector reprats 27% of the activity (see Figure 2-3).
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Figure 2-3: Distribution of the HHC structures according toitlsatus in 2009

3. Evaluation of HHC services

3.1Development factors and barriers to HHC

The HHC has known an important growth during tlaist [decade. According to [Tarricone
and Tsouros, 2008], [Woodward et al., 2004], [Cloa&eal., 2007], etc. many factors drive
the need and demand for HHC namely:
* Demographic changes: due to the life expectance, rdse proportion of elderly
people is increasing steadily in many European t@msand is predicted to rise
further in the coming decades (see Figure 2-4)s@&tdemographic changes explain
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the increasing rates of care-dependent elderly Ipempd thus lead to

demand for HHC.
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Figure 2-4: Projections for the proportion of the populatiorvarious age groups in the

European Union (27 countries) between 2005 and 2050

* Changes in epidemiology: the mental illness suchA&heimer's disease and

dementia are more prevalent. The treatment foretthygses of diseases in community

care is preferred to institutionally based carerddwer, the number of people having

chronic diseases or living with the consequencestifke, cancer, heart diseases,

respiratory diseases, diabetes, etc. can be efctreated within a home setting.

* Science and technological (both medical and nonizaBdinnovation: medical and

non-medical advances have contributed to improweical outcomes, reduce the

length of stay in hospitals, reduce reoccurrenag r@admission rates, increase life

expectancy and improve quality of life of personthveiomplex care needs.

3 [Tarricone and Tsouros, 2008]
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Changes in attitudes and expectations: the incdefs®IS on user-centred services,
the importance given to the individualization angtomization of care as well as the
necessary humanization of care delivery (by allgwpeople to remain in their homes
as long as possible) are at the origin of the agrakent of HHC.

The governmental pressure: there is a continuousrgmental pressure via a range of
policy priorities and choices to reconfigure healtiistems by encouraging the
development of HHC structures to improve respomsgs, continuity of care,
efficiency and equity. Indeed, HHC presents clihisacial and emotional benefits for
the individual users and their families but is disancially interesting for the public
expenditure due to the fact that it is more effectaind efficient than institutionalized

care [Tarricone and Tsouros, 2008].

Nevertheless, the rapid growth of the HHC is slowledn, according to [Chahed, 2008] and

[Lebrun, 2003] by some barriers namely:

The unclearness, at least in France, of the limitvben the Home Health Care
practice and the Nursing Home practice.

The ignorance of some health professionals and@tieqts to this type of
hospitalization.

The sharing of the responsibilities around theguasi is not well defined and this has
not allowed the improvement of the collaboratiot®zn the hospital sector and the
HHC sector.

The absence of encouragement from the practitiortersuse this type of
hospitalization.

The difficulties to develop HHC structures in ruzahes.

The wavering of the social security to create neMCHstructures in order to avoid
additional expenditures

3.2Pros and cons of HHC

The HHC has largely evolved during this last dec#lienks to its human, medical and

economical advantages. Indeed, according to [Comil®@and Lebrun, 2003], 93% of the

patients consider that the main advantage of the H#i@® be treated in their familial

environment. This would allow, according to [Raffyhan, 1997], the free time organization.

It would also reduce the risk of appearance or wrgy of a dependence state linked to a
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hospital sojourn. Furthermore, the HHC avoids tksodialization generally caused by the
traditional hospitalization which is psychologigatharmful for the patients. Moreover, the
HHC is also advantageous for the family memberg agpports them psychologically and
avoids them to go to the hospital every day. TheCHilso guarantees the continuity of care
by collaborating with hospital care givers and chaating the care delivered by the different
care givers. Despite this, the HHC is also advadag for the practitioners as it enables them
to take care of a reduced number of patients ausl tih be less stressed, more autonomous
and closer to their patients.

The HHC also presents a medical advantage thatstems reducing considerably the risks of
hospital-acquired infections by approximately thtieges.

Finally, the HHC represents an economical advantageavoiding the hospital capacity
saturation which would lead to the containmenthaf whole health system’s costs. Indeed,
the HHC reduces the average duration of stay witbspitals and accelerates the turnover of
the hospital beds and consequently allows keepigglyh specialized human and material
resources to the patients with acute diseasesHH is thus less costly than the traditional
hospitalization [Alignon et al., 2003]. The econcaliadvantage is going to be explained in
more details in sub-section 3.3.

However, despite all its advantages, the HHC alssgnts some disadvantages. The most
important disadvantage of the HHC is the absenca gfermanent medical supervision
(guaranteed 24 hours per day). This type of hdsgatéon necessitates thus the permanent
presence and availability of the family members vigwl themselves stressed and overloaded
by the domestic work [Raffy-Pihan, 1997].

Additionally, due to the intensity and frequency adre to deliver and severity of the
pathologies treated, the HHC is perceived by theeg® practitioners who can prescribe it
since October 1992 as a badly defined respongilthidt is heavy to take for.

Finally, even if the HHC is economically interegfifor the health system as a whole, it can
paradoxically cost much for the patients and tfemnilies due to the fact that a part of the
costs is shifted to the patients and their famiash as lighting, hot water, acquisition of
medical and/or paramedical equipments (wheelclspecialized beds, etc.), etc. For more

details, the reader is referred to the followingtiea.
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3.3 Analysis of HHC costs

Reducing costs by avoiding admission to hospital decreasing hospital length of stay are
often presented as central goals of HHC. Differesearchers have thus been interested in the
economical evaluation of HHC. Three topics havenbsteidied namely: the analysis of the
types of costs involved in the HHC practice, thenparison between the HHC costs and the
traditional hospitalization costs and the analysighe economic factors of both types of
hospitalization.

First, different researchers have distinguishewveen the different types of costs involved in
the HHC practice. [Jones et al., 1999] have idedtifive types of HHC costs namely:
staffing costs, consumable costs, equipment cosexhead costs (e.g. administration, car
leasing, travel costs, etc.) and capital costsigbN et al., 2003] have also distinguished
between the direct medical care costs and the aufst:iedico-social coordination and
administrative functioning. Another typology of HHEosts has been proposed by
[Vergnenegre et al., 2006] who have identified foyres of costs: staffing (nurses, doctors,
etc.), coordination, consumable and travel costs.

In what follows, we are interested in the directdimal costs. Indeed, these latter are
composed of the nurses and auxiliary nurses’ &saf89% of the direct medical costs),
pharmacy (21%), medical material (18%), etc. Fig2w® illustrates the distribution of the

direct medical costs.
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Figure 2-5: Distribution of the direct medical costs
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Second, several comparisons between HHC and traditihospitalization costs have been
developed in the literature. Indeed, the first cammgon has been developed by [Jones et al.,
1999] who have concluded that the HHC structuredwsdiver care with similar or lower costs
than the traditional hospitalization for an equérdl admission. [O’Brien and Nelson, 2002]
have also conducted a comparison between theitraalithospitalization costs and the HHC
costs for elderly people who need acute care. ©helasion is that the HHC is less expensive
than the traditional hospitalization as it allowe tsaving of 30 billion dollars per year. After
that, [Aligon et al., 2003] have compared the agereosts of nursing care within the HHC
context and the traditional hospitalization contestween 2005 and 2007. The results of this
study clearly prove that the HHC is less expensghan traditional hospitalization. Another
economic analysis has been developed by [Vergnengtgal., 2006] in which the authors
have compared the costs of the chemotherapy detivier patients suffering from bronchi-
pulmonary cancers at home and in hospital. Theltses this study prove that the HHC
allows the saving of 16.15% of the chemotherapyscpsr treatment’s cycle compared to the
traditional hospitalization.

The papers presented above have conducted to e aanclusion: HHC is less costly than
the traditional hospitalization. However, otherds&és have proved the opposite. The results of
the study developed by [Wilson et al., 1999] wheeheoncentrated their work on the patients
suffering from heart failure prove that the HHC tbis type of patients is more expensive
than the traditional hospitalization as the weeatdgts increase on average by 1.382 dollars
per patient. This conclusion can be explained leycttitical clinical conditions of the patients
involved in this study and the inconsistency of thelity of care delivered to the patients
(this study involves 18 different HHC structures).

Third, the economic factors that considerably iasee costs must be analyzed in order to
compare the costs of both types of hospitalizatierpertinently as possible. [O’'Brien and
Neslon, 2002] have enumerated these factors. Orhand, the four factors that explain the
increase of the traditional hospitalization’s cdséase been presented: medical errors (annual
additional costs of 200 billion dollars), hospigaiquired infections (the annual costs related to
the infections are estimated to 4 billion dolladggcline of patients’ autonomy (the hospital
stay of 75% of the patients aged of more than 7rsyeld is extended by 12.3 days that
corresponds to 4.233 dollars per patient and pgy alad death rate. On the other hand, the
authors have explained that HHC costs can incréaseo the risks that patients make errors
for taking the corresponding drugs, for using a iwedequipment, etc. during the absence of

the care givers. The HHC costs can also increasetaluhe additional costs related to the
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home fitting; home support; transportation serviasjuisition of non-medical equipment
such as special chairs, ramps into the house, ediaptets, showers, baths, special beds, etc.
[Tarricone and Tsouro, 2008], [Aligon et al., 2002ccording to the circular of the 99
October 1974, even if the care delivery within HidC context may be more expensive than
the traditional hospitalization, the stay of thei@at at home and the participation of the
family to the care allow the reduction of the tdt##iC costs due to the fact that a part of the
costs is shifted to the patients and their familMsre precisely, [Jones et al., 1999] have
affirmed that 44% of the patients use more lightid@% more laundry, 27% more heating,
17% more hot water and this generates more expeadifor the patients and their families.
Moreover, if the care delivered by the family’s nisars are achieved by formal care givers,
the annual costs of HHC would increase from 43dwilbollars to 75 billion dollars.

Note that different authors have mentioned thatrdiselts of the HHC economic analysis may
vary according to different criteria related to tiimical conditions of the patient (the duration
of stay, the nature of the main care protocol,abe and the dependency of the patient, the
mode of exit from the HHC structure) and the typédblC structure (its status, its size, the
national setting within which the HHC structure mes) [Com-Ruelle et al., 2003],
[Armstrong et al., 2008]

4. Complexity factors of the HHC Operations Management

In this section, we focus on the HHC operations agement whose main objective consists
in finding the most efficient organization in terre$ human and material resources that
guarantees a satisfactory service quality towaadeipts as well as towards care givers while
reducing costs. Guaranteeing a service quality tdsvihe patient involves an improvement of

the quality of care, a reduction of the waiting ¢irand a satisfaction of his/her personal
preferences (e.g. affinity with certain care giveespect of preferential days or time windows

for visits, etc.). Guaranteeing a service qualibydrds the care givers implies a fair

distribution of the workloads between them andgagsfaction of their personal preferences
(e.g. periods of vacancies, respect of preferedfgk, etc.). Reducing the costs in the HHC
context consists in reducing the staffing costagqrurchase and equipment acquisition costs,
consumable material resources storage costs, treaaspn costs, etc.

In this section, we analyze the complexity factthrat operations management has to face

within this type of care structures.
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4.1 Diversity of the services proposed

Due to the variety of patients’ clinical, socialdapsychological needs, the clinical and
organizational processes which result from thesedsiecan be of high diversity.
Consequently, services provided by HHC structureshaterogeneous which implies that the
care delivery processes cannot be totally stangeddiA definition of the market strategy is
thus necessary to determine the nature of thecssn\proposed by the HHC structure, the
profiles of patients who can be admitted in the Héificture, the expected satisfaction level
of patients, etc. This market strategy definitioowd allow the dimensioning of the HHC
structures’ resources in order to satisfy the detrtandelivering services with a satisfactory
guality level and lower costs. The diversity of gexvices proposed by HHC structures stems
from the nature of these services, the differepesyof care delivered to patients, the different
pathologies for which patients are admitted witHIHC structures and the care protocols used

to treat these pathologies. These aspects ardedieleiow:

4.1.1 Nature of services proposed by HHC structures

In order to improve patients’ living conditions, I@Hstructures provide them health services
as well as auxiliary services. Indeed, we canmsiish five categories of services namely:

* Medical services

» Paramedical services

* Psychological support and coaching of patients ¢aed families) by counseling and
advising them in order to improve their behavietation and communication.

» Health promotion, disease prevention and educatidine patients and their families.

» Social services: [Williams, 2006] and [Com-Ruelteak, 2002] have enumerated four
types of social services: house keeping (housenitigalaundry services, shopping,
administrative paperwork such as budget managemerdal preparation; personal
care (feeding, dressing and undressing, bathirgpodal) and assistance at home
(patients’ supervision, displacements inside thed)o We can also add a fifth type of
social services which concerns the transfer ofepédi outside home. Indeed, it is
possible that the patient needs to move outsideshduming his stay within the HHC
structure. These displacements can be managedidatgdo his clinical conditions
and his mobility, by the patient himself (or by H&nily) or by the HHC structure.
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The last case requires a prior organization forvitdcle booking, the arrangement of
the meeting with professionals of another healtit who would deliver the care, the
planning of the activity of the care giver who wabtihke the patient to the health unit.

4.1.2 Types of care

The care delivered to the patients during thely st#hin the HHC structures can be classified
into five categories. This classification is basedthe duration and the technical nature of the
care namely:

* Punctual care are technical, heavy and complex Ghie type of care is intended for
patients having not stabilized pathologies and téakafor periods determined
beforehand. They can be reiterated frequently éi@mple: chemotherapy, antibiotic
treatment).

» Continuous care are technical care that are moressr complex, delivered for an
undetermined duration which can go to the termiphhse to patients having
evolutionary pathologies (cancer, cardiac or pulangrdiseases) in order to maintain
current functioning levels.

» Terminal phase’s care are intended for patients iarminal phase and whose stay’s
duration does not exceed few days.

» Follow-up and rehabilitation care concern essdmttients treated for a determined
duration, after an acute stage of neurologicahapédic or cardiologic pathology.

* Resumption care of the parents’ autonomy: the tibpof these care is to readapt
children at home by learning to the parents howldbver care. These children are
treated for a determined duration after an acatgesof a disease.

4.1.3 Pathologies covered by HHC structures

[Com-Ruelle and Lebrun, 2003] have presented thén rpathologies treated by HHC
structures in France namely:

» Cancer (50% of the admissions in 2000)

* Pregnancy- childbirth- perinatality (8% of the adsions in 2000)

* Nervous system diseases (7% of the admissions0@)20

* Traumas- poisonings- osteo-articular diseases A¥ecadmissions in 2000)
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» Circulatory system diseases (6% of the admissio2000)

» Endocrinal diseases, nutrition and metabolism (5%@admissions in 2000)

* Breathing apparatus diseases (4% of the admissi&2G00)

» Infectious and parasitic diseases (3% of the adamssn 2000)

» Digestive system diseases (2% of the admissioA600)

» Skin diseases (1% of the admissions in 2000)

* Others (6% of the admissions in 2000)
However, it is rather frequent that patients amemated for multiple pathologies. Indeed,
[Sentihles-Mankom, 2006] have considered that HidCadapted to complex and multi-
pathological patients. Furthermore, [Com-Ruelle Batdrun, 2003] have asserted that "28 %
of the admitted patients and 50 % of the patients ae present in the HHC structure for
more than three months have at least five additiali@gnoses associated to the main

diagnosis".

4.1.4 Care protocols (treatment modes)

Patients admitted in a HHC structure receive medind paramedical care according to one
or several protocols prescribed by the coordinadiocfor. During the patients’ stay within the
HHC structure, their care protocols may change wheir clinical conditions vary.

The French circular of May 302000 lists 24 care protocols. Table 2-2 preseetails on the

activity related to each care protocol in 2008.
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Table 2-2: Activity per care protocol in 2008

U

Average

Number of patient age| Number of
Main care protocol days in 2008 | Percentagen 2008 sojourn in 2008 | Percentags
Antibiotic treatment 141 161 5,1% 59,5 10 821 8,2%
Breathing assistance 116 103 4,2% 62,8 2 940 2,2%
Chemotherapy 73 218 2,6% 61,2 15 440 11,6%
Education of the patient and his
family 51 782 1,9% 50,3 2212 1,7%
Enteric feeding 187 817 6,8% 61,3 4048 3,1%
Parenteric feeding 102 455 3,7% 62 4 539 3,4%
Complex bandages 518 734 18,7% 68,9 11936 9,0%
Pathological post-partum 67 055 2,4% 29,9 11 066 3%8,
Psychological post-partum 37 698 1,4% 29,6 8 996 8%6,
Post-operation treatment 109 370 3,9% 58,9 6117 6%4,
New-born treatment 27 923 1,0% 0,2 5571 4,2%
Radiotherapy 3458 0,1% 62,4 175 0,1%
Neurological reeducation 50 858 1,8% 67,4 1474 1%,
Orthopedic reeducation 59 288 2,1% 73 1703 1,3%
Heavy nursing 251 627 9,1% 73,4 5892 4,4%
Palliative care 658 231 23,7% 69,7 21 689 16,4%
Aplasia supervision 5011 0,2% 39,9 385 0,3%
Pregnancy with risk supervision 65 665 2,4% 31 291 2,2%
Post-chemotherapy supervision 75 269 2,7% 55,1 8478 3,6%
Pain treatment 64 267 2,3% 66,1 3 046 2,3%
Blood transfusion 618 0,0% 70,9 263 0,2%
Other treatments 109 515 3,9% 60,7 6 530 4,9%
Total 2777123 100,0% 63,2 132 545 100,0%

4.2 Diversity of the resources involved in the care delery process

As soon as the patient is admitted within the HH@csure, his/her therapeutic project is

established so that the types and number of humdmmaaterial resources required for the
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care delivery can be determined. This therapeutigept is defined by the French health
decree of ¥ October 1992 as being a project which “formaliattshe clinical, psychological
and social care necessary for the state of theengatiMore precisely, the information
mentioned in this project are: the types of caxeig necessary to deliver the care, the drugs
to administrate, the frequency and average duratforisits, the additional home helps that
the patients needs as well as the modalities dffexin the HHC structure. This project is
defined for a limited and reviewed period and cancbanged if the patient's conditions
necessitate it. It ends when the therapeutic dbgscfixed at the admission of the patient are
reached or when the patient is dead.

The diversity of human resources involved in theecelivery process explains the necessity
of assigning to each patient a reference care giese role is to manage care, communicate
the therapeutic project’'s modifications to the otbare givers and ensure the delivery of all
the services needed by patients. It also expldiasnecessity to communicate on time the
information related to patients’ conditions, cooite all these resources during the patient
stay within the HHC structure. However, the humasources do not work in the same unit,
do not meet and possibly do not know each othens€guently, the communication of the
information related to the patients is complicatethe HHC context which would conduct to
heterogeneous points of view and decisions relatede therapeutic projects of the patients.
Furthermore, the variety of these resources coupl@th the uncertainty of demand
complicates the adjustment of the capacity to deimém order to remedy to this, most of
HHC structures work more with external care givelsyelop the multi-disciplinarity of the
internal care givers, use more new technologiel asdelemedicine, nanotechnology, etc.
Furthermore, as detailed below, different typematerial resources requires the organization
of their supply chain by selecting material and ipments’ suppliers, defining inventory
management policies related to the consumable mkat&sources, organizing resources’
delivery to the patient home, planning the medarad paramedical equipments’ maintenance
procedures, etc.

4.2.1 Types of human resources

The care delivered by HHC structures is performga Ionultidisciplinary team composed of
medical and paramedical care givers among whomanelistinguish:
» The physicians responsible for the definition apdiate of the patients’ therapeutic

projects by specifying the types and the frequencfehe necessary care.
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The nurses who represent the largest group of Hhi@layees. They evaluate the
conditions of the patients who receive HHC servipesvide the necessary care, make
sure that the physicians’ prescriptions are caroet] coordinate the visits of all care
givers, update the patient’ file by mentioning dwgivities performed and the changes
of his/her conditions, take care of the medicaligapent and have an educational role
with patients and their families.

The therapists such as physical, occupational geeéch therapists who consider
therapy needs, develop care and rehabilitationsplamd have oversight for any
assistants involved in providing therapy.

The nutritionists who can also participate in tieéwary of care to the patients.

The social workers who support the patients andr tfanilies in accessing to
community assistance, overcoming their financiatl aocial problems that can
influence the delivery of care by determining the#eds in terms of additional helps
(house cleaning, meal preparation, etc.).

The home care assistants and the home health wltesare the foundation of the
home care workforce because of the wide varietseo¥ices they provide” [Tarricone
and Tsouro, 2008]. The home care assistants apensible for the assistance with
therapy while the home health aides are responditdehouse keeping, meal
preparation, eating, transfer, displacement inbimi®e, grooming, toileting, dressing,
etc.

The psychologists responsible for the psychologoabport of patients.

The pharmacists providing prescribed medicines.

The informal careers i.e. the patient’s familyefrids or neighbors whose participation
in the care delivery process and the patient sigiervis very important. Since HHC
relies on the permanent availability of the infolroare givers who cannot be always
guaranteed, the organization of the care delivarycomplicated. According to
[Tarricone and Tsouro, 2008], the balance betwaémrmal and formal care givers

depends on political, economic, demographic anthi@llfactors.

These care givers are either multi-disciplinaryleato treat all patients whatever the care
needed, or specialized in one or some specificopagly(ies) so that they can deliver care to
one or some patients’ categories. Care givers eafulbtime employees (internal resources
of the HHC structure) or part-time employees (exdéresources). According to [Chahed et
al., 2006], it is necessary to combine these twegmaies of care givers in order to satisfy the

86



patients’ demand. Indeed, the internal resourdesvdahe service quality improvement thanks
to the diversification of their skills while the texnal resources cost less to the HHC structure
and enable the expansion of the area of the HH&Viehtion particularly in rural areas, the
enhancement of the flexibility and reactivity ofetlstructure when an emergency occurs.
Additionally, the external resources allow the aboation of the activities all over the care
process, before, during and after the stay withenHHHC structure and thus the guarantee of
the care continuity.

Note that we can also distinguish between these@uwsrcare givers according to their
experience level which influences their performabgtalso according to their degrees which
would condition the types of activities assignedhem. For example, [Hertz and Lahrichi,
2006] differentiate between case manager nursesobtaoned a Bachelor's degree and nurse
technicians who hold a community college degre@séhdegrees enable to identify the types

of activities assigned to them.

4.2.2 Types of material resources

Material resources can be consumable (drugs, susgematerial, dietetic products, single-
use equipments, etc.) or non consumable (fleetlehimedical and paramedical equipments,
information system, etc.). The non consumable riatezsources can be, depending on the
size of the HHC structure, rented or bought. Thasomable material resources can be
managed either by the Pharmacy for Internal UsB)(Bf the HHC structure or by a private
pharmacy agreed by the HHC structure. Accordintp¢o-NEHAD (Fédération Nationale des
Etablissements d’Hospitalisation A Domicile), amatig 208 HHC structures existing in
2007, 118 have PIU and 90 work with private phaiesgacThe HHC structures that have a
PIU must use secure transport (available 24h/24ptad vehicles, etc.), implement strict
procedures related to the transmission of inforombetween the care givers and the HHC
structure. The use of a PIU can however generaperitant costs and complex operations

especially when it is necessary to deliver consuenpinducts to patients living in rural areas.

4.3 Sources of uncertainty

The uncertainty within the HHC context is one o tlifficulties operations management

practice is facing. In order to reduce the uncetyagffects, it would be interesting to propose
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models for forecasting more accurately the demadnd pathology, by type of care, by
geographical zone, etc.) which would in turn faatk the allocation of resources to the
geographical zones but also to define policies tbe management of patient’s
admission/exist. Another solution would be to dessgrategies for the management of the
demands’ priorities (scheduled activities versussmgancies). Among these policies, the
HHC structure can set aside a time slot per planperiod in order to react rapidly when an
urgent demand occurs. It is also possible to reozgan real-time the schedules of the care
givers according to the demands’ priority or tonfipras [Lahrichi et al., 2006] have proposed,
a surplus team to cope with the emergencies retatdte variation of some patients’ demand
or to absorb the increase of demand in order tadathe overload of the care givers.

There are three uncertainty sources. First ottadl,uncertainty of demand which is related to
the number of patients who need the care, the leiveare required by each patient and the
time when this demand would arise. Second, the rtaingy of the care delivery process
depends on the travel time, the duration of thésyithe duration of the stay within the HHC
system and the evolution of the patients’ need&dTkthe uncertainty of the material and/or
human resources availability can be due to thentorg shortage of consumable material
resources, the non consumable material resourceakthiowns, the unexpected absences of
the human resources (disabilities, iliness, ...) &ab to the arrival of urgent demands that
would create an additional workload, the changethefpatients’ home or the unpredictable

evolutions of the patients’ conditions.

4.4 ocation of the care delivery

The most important characteristic of the HHC coragato the traditional hospitalization is
the integration of the patients’ home within theecaupply chain due to the fact that the care
are delivered at home. Consequently, additionasttaimts are to be considered. Indeed, the
particular clinical but also psychological and sbd@onditions of each patient must be taken
into account. Furthermore, the care must be deld/én one patient at a time due to the fact
that the patients are not hospitalized within tame unit. Third, the fact that the care givers
involved in the care delivery process are not gesuithin the same unit, do not have
regular meetings and do not know each other wekenthe coordination of their activities
very difficult.

This complexity factor generates a certain numbledecisions to consider namely the

geographical partition of the area, where the HHficture provides the services into
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districts, which favor the care givers’ mobilityctuthat the travel between the patients’ home
is easy. Each district would be under the respditgibf a multidisciplinary team composed
of care givers who deliver care to patients witthiis district. Thereafter, the assignment of
care givers to patients or jobs must be based ercdmpatibility between the district where
the patient lives and the one where the care gigks. It is also important to organize the
care givers’ routes on the basis of the geograpprecximity between the patients’ homes in
order to decrease the travel time. Furthermoregc#ne givers can move to the site(s) of the
HHC structure to get back necessary material ressyto have meetings with the other care
givers, etc. These displacements give rise totigpes of professionals’ tours namely: the one
during which the professional does not go to the $he one that begins from the site, the one
that ends in the site and finally the one that iegind ends in the site.

4.5Necessity to guarantee a satisfactory service quiglilevel

The HHC structures must guarantee a satisfactamycgsequality level towards the patients
(and their families) as well as towards the carger who consider different and
heterogeneous criteria for service quality. Thegter@a must be taken into account at
different levels of the operations management withHHC context namely: the definition of
the market strategy by specifying the standardhefdervices offered and the performance
objectives of the structure, the resources dimansipin order to guarantee the human
resources skills’ required and the necessary nahtesources. It is also important to consider
these criteria at the short/very short term andenparticularly for the assignment of human
resources to patients or to visits. This assignmaunst guarantee the continuity of care, as
well as the respect of the patients and care diyaeferences. Despites this, the time
windows or preferential days’ preferences mustdresiclered for the scheduling and routing
of the care givers’ activities so that the worklaadalanced equitably among them. Finally,
the reactivity can be improved by the managementhef demands’ priorities and the

coordination of care. In this section, we present:

4.5.1 The quality criteria for patients

The service quality towards the patients depends on
» The medical and /or paramedical quality of care:dbality of care is perceived by the

degree of improvement of the patient's medical domas thanks to the treatments
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which he/she receives within the HHC structurelejpends, according to [Chesteen et
al., 2005], on health deficiency, severity of deficy and frequency of deficiency.

The patient waiting times before the admissionhi@ HHC structure and during the
stay within the HHC structure [Sentihles-MankomQ@[ these waiting times can be
improved by the management of the demand priorities

The satisfaction of the personal patients’ prefeeen according to [Chahed et al.,
2007], it is important to take into account thefprences of the patients in terms of
time windows or preferential days for the care\d®ly but also in terms of affinities
with certain care givers.

The continuity of care defined by [Shortell et 41985] as being the extent to which
the medical and paramedical care are delivereddpnsiof a sequence of coordinated
and uninterrupted activities consistent with thelio@ care needs of the patients.

The existence of trusting relationships and pastmips between the patients (and the
members of their families) and care givers who nhste, according to [Sentihles-
Mankom, 2006], the appropriate skills to deliverecaequired by the patients and
must be aware of the changes related to the psitieotditions.

The reactivity and availability of the care giveshich consists in delivering the
necessary care in a rapid and efficient way wheengies related to the survival and
the welfare of the patients occur. This reactizén be improved by the management
of the demand priorities and the coordination aéca

The emotional support of the care givers to theepts: [Exley and Allen, 2007] have
considered that the delivery of care within the Hld@htext is conditioned by the

establishment of “emotionally intimate social redaships”.

4.5.2 The quality criteria for care givers

The position of the care givers in the HHC struetis twofold: first, they interact with the

patients and provide care to them; second, thegums®mers in that “they rely on one another

to do their jobs properly” [Leebov, 1988]. It isethimportant to integrate the quality criteria

concerning the care givers which are related to:

The balance of the workload between different teamsvell as the workload of the
different care givers working in the same team yreatof activities performed,

working hours, working conditions, etc.) so that tiare givers perceive fairness.
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* The satisfaction of their personal preferencegims of time windows or preferential
days, vacations, achievement of particular acéisitor care, allocation to a specific
working district, affinities with certain patientstc.

» The guarantee of a good communication betweenateegivers whose activities must
be coordinated. Indeed, [Williams, 2006] have dssethat the communication is
more difficult within the HHC context due to thectahat the care givers do not meet
each other and thus they cannot easily exchangemition. This would explain the
necessity of investing in information and commutiaratechnology that would allow
information to be simultaneously shared with theérerhome care team and stored for
future use.

* The improvement of care givers’ well-being by deyshg the teamwork and the
cooperation at all levels, respecting vacationsy@nting the burn out syndrome, etc.
This would create a comfortable working environmamnid motivate care givers
[Chesteen et al., 2005].

* The training of care givers so that the HHC remaiable despite the increase of the
demand, the complexity of care, etc. More spedlficadhe training should be more
integrated and multidisciplinary including skillatning in developing interpersonal
relationships and in using the technologies [Tame&and Tsouro, 2008].

However, as explained by [Leebov, 1988], othereitakders of the HHC structure emphasize
different criteria namely the third-party payersdaegulatory authorities. The first who are

businesses, insurance companies, unions, etcoakend) for the best care delivery process
such that both patients and care givers are satisti minimum costs. The latter consider that
service quality is guaranteed by creating jobssatsfying the population demand.

It is thus clear that the stakeholders’ groupsediffi importance and in emphasis and thus

must be treated differently.

4.6 Necessity to design a care network with the otherdalth structures

The HHC is considered as an intermediary type sphalization which proposes a graduated
care and guarantees, according to [Sentilhes-ManiZf)96] and [Afrite et al., 2009], the

progressive transition between different typesakadelivery. Consequently, it is important
to develop collaborations between the HHC strustamed the other health structures. This

requires the elaboration, through the operationeagament, of a partnership strategy with
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the other health structures and the coordinatioth@fresources shared with these structures.
However, the inter-professional coordination isfidifit to achieve due to the conflicting
priorities or professional standards, lack of tmarency of the responsibilities’ definition, etc.
This coordination would allow the adaptation of tiealth system to the patients’ needs, the
guarantee of the care continuity within the HHQisture or during the patient transfer from
one care network’s structure to another by allovargafe early discharge of the patients from
hospital and/or from HHC structures; reducing thadmission rate of the people discharged
from hospitals; avoiding inappropriate admissiongjltiplication of diagnoses tests and
procedures as well as medical errors; decreasintingdists; etc. This is particularly true, as
no health care structure is able to completely cave needs of all patients. As a
consequence, adopting this care network would ingtbe health care system efficiency as
well as the quality of the care delivered to paseand reduce the total health system’s costs.
Thereby, the recent development of this type ofpliakzation and the fact that the health
system is governed by strong administrative comgraand regulations (employment
regulations, large number of procedures and prégdoobe followed, conditions of the HHC
functioning, etc.) also represent complexity fastéor operations management within the
HHC structures.

This section shows the importance of developingovaiive approaches adapted to the
complexity factors of the HHC structures. In orderdetermine the issues that are relevant
from an organizational point of view that have heen studied yet, we propose to analyze in

section 5 the literature related to the operatmasagement within the HHC structures.

5. HHC Operations Management literature review

Due to the important growth of the HHC, this tygehospitalisation has interested a number
of researchers in different fields namely: statstand economy ([Aligon et al., 2003],
[Wilson et al., 1999], [O’'Brien et Nelson, 2002performance management ([Sentilhes-
Monkam, 2006], [Fleming and Taylor, 2007], [Woodda& al., 2004], [Olaison & al.,
2006]), information systems ([Alexander and Wakld{i€2009]), advantages of providing
HHC services ([Chuang et al., 2007], [Exley & Alle2007]) and operations management
([Blais et al., 2003], [Lahrichi et al., 2006], [He et Lahrichi, 2006], etc.).

In this section, we survey operations managemesgdeaodels which have been proposed in

the HHC literature. This literature review showattthere are five main issues studied in the
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literature, as represented in Figure 2-6, namblyrésources dimensioning issue, the problem
of partitioning a territory into districts (i.e.stricting), the allocation of resources to dissjct
the assignment of care givers to patients (ors@sjiand the routing problem. Hence, the last
two issues (i.e. the assignment and routing probjewhich are in general considered

simultaneously represent the most important onésrims of publications numbers.

E. Districting problem
[Blais etal , 2003]
[Lahrichi et al , 2008]

A Fesources Dimensioning
- [ Busby et Carter, 2006]

T aa——
C. Allocation of capacity to districtg
- [Boldy et Howell, 1980]
-[De Angelis, 1998]
o Cloptinui .
Mo continuity of cafe ontmuicz_g{ care constraint

D1 Assignment of care providers
(De Angelis, | towvisits
- [Beguret al., 1997
1998) | [C[hengg et Rich, 199%] (Lanzarone

- [Eweborn et al., 2006] etal ., 2009
(Lanzarone | - [Bertels et Fahle, 2006]
- [Hertz et Lahrichi, 2006]
etal., 2009) | _[atcjratikard et al, 2007]

D2 Assignment of care providers
to patients

-[Borsani et al., 2006]

Y et
E. Eouting problem

[Begur etal., 1597]
- [Cheng et Rich, 1995]

- [Eveborn et al., 2008]
- [Bertels et Fahle, 2008]

- [Adejiratilear] et al., 2007]
- [Ben Bachouch et al., 2009]
[Borsani et al ., 2006]
- [Thomsen, 2006]

Figure 2-6: Review of Operations Management models in HHC #ires

5.1 The resources dimensioning problem

This problem is the one dealing with the determamabf the number of care givers, with
particular skills and the quantity of material reszes, of different types, necessary to meet
the predicted demand with the satisfactory serguaality level and minimum costs. The
funding problem of a single organization or a goweent within the HHC context has been
studied by [Busby and Carter, 2006] who have crkatdecision tool for the Simcoe County
Community Care Access Center (SCCCAC) in OntaribisTdecision tool enables the
SCCCAC to determine the trade-offs between thrge&etors: costs, service quality (defined

in terms of number of visits per patient) and pdtigaiting time. Indeed, this tool which
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gives the SCCCAC the opportunity to perform a “wifiaanalysis can be used to determine
the effects of changes related to demand, patigatity distribution, budgets, etc. on the
three key factors previously mentioned.

Based on these trade-offs, the SCCCAC is able gotrage with the government the funding
levels necessary to satisfy the demand for a gipemtity and quality of care provided with
an associated waiting time and to inform the padi@bout how long they have to wait before
receiving the services. The SCCCAC could also is® ¢valuation for determining the
number of care givers with particular skills neeegdo satisfy the demand, with the expected
service quality level and waiting time and to agprately allocate these care givers to the
different patients’ groups. This decision tool akssables the government to compare the
results of the SCCCAC to the predicted costs, serguality and waiting times; to determine
the factors that cause these differences; to makéat-if” analysis to foresee the impact of
the different factors’ variation; to elaborate tbag-term home care funding policy to satisfy

the expected new demand, etc.

5.2 The districting problem

The districting problem consists in grouping sngdlographic areas, i.e. basic units, into
larger clusters called “districts” in a way thaeske latter are “good” according to relevant
criteria, each district being under the responisybilf a multidisciplinary team.

This approach has been studied by [Blais et aD3Pfor the case of the Cotes-des-Neiges
local community health clinic in Montreal, Cana#ar partitioning this community into six
districts, the authors have proposed a multi-gatapproach similar to the one proposed by
[Bozkaya et al., 2003] for the political distriairproblem, where the criteria related to the
visiting personnel mobility and the workload eduilum are combined into a single objective
function whereas the criteria related to the irglhility of the basic units, the respect of
borough boundaries and the connectivity are consitlas hard constraints. The problem is
solved by means of a Tabu search technique.

After that, [Lahrichi et al., 2006] have reviewdtktoptimality of the method proposed by
[Blais et al., 2003] by analyzing the historicatal®f the years 1998-1999 and 2002-2003
related to the total number of visits and the thstion of these visits among districts. This
analysis has proved that the territorial approa@sgnts two main shortcomings. First, this
approach could be behind a workload imbalance letvtlee care givers due to the fact that it

can not forecast the fluctuation of the demandaichedistrict. This imbalance could conduct
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to inequities in terms of the service quality bedwehe districts. Second, this approach is not
flexible enough in terms of the assignment of theeqivers to the districts which does not

encourage the collaboration between the differarg givers.

In order to alleviate these shortcomings, [Lahriehal., 2006] have proposed two solutions.
The first one is a dynamic approach which consistssigning the patients to the care givers
according to the care givers’ workload and thegua$’ caseload instead of the geographical
location of patients. The second solution congistsombining the approach proposed by

[Blais et al., 2003] with the dynamic approach.diothis, the care givers are splitted into two

groups: the first one represents care givers asdigm a fixed district while the second one

groups care givers that can work in all or a pathe territory.

Once the territory is divided into districts, thiéf@rent resources must be equitably assigned
to the designed districts so that the workloachefdare givers and the quality of the services
delivered to the patients are roughly the saméhénfollowing sub-section, we focus on the

allocation of resources to the districts.

5.3 Allocation of resources to districts

Within this context, [Boldy and Howell, 1980] haw®nducted a case-study related the
allocation of a certain amount of home help resesito four geographical districts within the
Devon Social Services Department. This approacdiveded into three main parts: the
assessment process (it consists in evaluatingaheenand level of the services required), the
allocation procedure (how to distribute equitabhe tservice units between the districts
according to the average level of the service reguior each type of client and the number of
clients of each type within each district) and sugvey information (information related to
the patients i.e. age, disability, charge paid,simay conditions, etc.; provision of related
services already available within the same tegrjtamount of home help actually received
and ideal amount of home help to provide). Thisrapph can be considered as a decision-
making tool which does not produce one solutiongroposes different possible allocations
to the decisions-makers who would choose the bestawcording to the assumptions that
they consider to be the most important ones.

[De Angelis, 1998] has also addressed this proliteriiHC structures delivering services to
AIDS patients (local problem) and the problem oéleating the suitability of the budgets
assigned to the HHC structures by public-healtlhaities (global problem) in the city of

Rome, ltaly. The author has developed a stochkasiar programming model which is linked
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to an epidemiological model and has integratedutieertainty in terms of patients’ number
and level of care required by each patients’ c{#ss patients are classified into classes of
dependency between which transition rates are efinThis model aims at maximizing the
number of new patients admitted based on constrailated to resources’ availability,
minimum standard of service, variability of the dmrd, transition rates among classes and

fixed budget.

5.4 Assignment of human resources to patients/visits drouting problem

The majority of works in the HHC literature concethe scheduling of care givers’ activities
which involves two hierarchical decisions. Firsare givers are assigned to patients or to
visits. Then, individual routes are constructeddach care giver by determining at what time
the visits must be done. Improving the schedulifigcare givers’ activities allows the
reduction of the travel time and thus the reductidrthe transportation costs as well as the
improvement of the service quality towards thegas and towards the care givers. We now
discuss papers devoted to these problems.

To our knowledge, there are two works that deahwite scheduling problem within the
continuity of care context which necessitates gsoaiation of a reference care giver to each
patient such that he/she can benefit from a long-teslationship with the medical and or
paramedical team. The first one has been condumtg@orsani et al.,, 2006]. The authors
have indeed been interested in two planning lewbs:assignment of a reference care giver
(or a set of care givers), who would be responsdilehe care delivery to new patients
admitted in the HHC structure and the weekly schedwf the care givers’ visits. First, the
assignment of the reference care givers to patants at balancing the care givers’ workload
while respecting the qualifications requirements vesll as the geographical coherence
between the district where the patient lives areldhe where the care giver works. Second,
the weekly scheduling is modeled as a multi-ciaténteger linear programming model where
the criteria related to outsourced visits execuigdhe caregivers, the care continuity (the
visits are carried are out by the reference caverg), the geographic coherence and the
preferential days are combined into a single objectunction. The criteria related to the
visits and care givers’ time windows, the qualifioas requirements, the planning of all the
visits, the care givers’ burn out level, the maximoumber of visits to schedule during each
time window, the maximum number of visits for egudtient per day and the care givers’

working hours are considered as hard constraingsgigaranteeing the continuity of care,
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respecting the preferential days and the burn ewtl$, balancing the workload, etc.; the
model improves the service quality and thus theepts and the care givers’ satisfaction.

More recently, [Ben Bachouch et al., 2008] haveragghed the routing problem by a mixed
linear programming model whose objective functionsists in minimizing the total distance
traveled by nurses. This model is subject to thestaints of visits’ and nurses’ time
windows, nurses’ meal breaks, assignment of thiemtatto the necessary number of nurses,
care continuity (the patient is always visited ly teference nurse during his stay within the
HHC system), start and end of each nurse routeeaHHC structure and maximum distance
between two consecutive visits done by the samsenur

In the contrary, the scheduling problem without sidaring the continuity of care has been
studied by various authors. In this context, thigepais assimilated to a visit or a set of visits.
The first decision support system has been propése{Begur et al., 1997] who have
presented a spatial decision support system (SEEB3he Visiting Nurses Association that
contains a special module for the daily schedubhgare givers’ activities. This module
simultaneously assigns care givers to patientstsvead generates the sequence in which the
visits would be done. It is based on a heuristigrapch that combines a set of procedures for
the building and the improvement of daily care giveroutes such that the k-optimal
procedure, sweep algorithm, insertion procedurts, Ehe objective of this heuristic is to
minimize the total travel time so that the careegsv working hours are used optimally while
the constraints related to the route constructicare givers’ time windows and skills’
requirements are respected. Note that the balahd¢beoday-to-day workload is handled
interactively by performing a “what-if” analysisther than as a part of the optimisation
model.

[Cheng and Rich, 1998] have addressed the dailgdsdimg problem as a multi-depot vehicle
routing problem with time windows and compatibiliipformation. The authors have
distinguished between the nurses working full-temnel that working half-time. The objective
of this daily scheduling is to minimize the totalsts associated with the amount of overtime
hours of the full-time nurses and the amount ofrea@if the part-time nurses such that each
patient is visited exactly once; each nurse viitieast one patient, starts and ends her route
at her home and takes a lunch break within thehes'ctime windows. Despite this, the
maximum nurses’ shift length, nurses’ qualificatimguirements, visits’ and nurses’ time
windows must be respected. The problem is formdlaés a mixed integer linear
programming model in two ways: the first one usaghde indexed variables while the second

one is with triple indexed variables. The problesnsolved by a two-phase heuristic: first,
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several routes are built simultaneously then, thatter are improved. The numerical results
of a problem with four nurses and ten patients stiwat the second formulation is the most
efficient one.

After that, [Eveborn et al., 2006] have developedeaision support system, called “LAPS
CARE?” for the local authorities in Sweden where sisbeduling problem has been formulated
as a set partitioning model and solved by a “reggeahatching algorithm”. The objective
consists in minimizing the total cost of assignocege givers to the schedules related to the
travel time, scheduled hours, preferences, etdewhspecting the criteria of the visits’ time
windows; the care givers’ skills requirements, timendows and meals breaks; the
achievement of each visit by one care giver; etwe Visit plans developed are evaluated
according to two performance criteria: the schesletficiency related to the saved planning
time and the quality of the routes (if all visiteeaallocated to care givers) and the service
guality evaluated according to how well the contypnwith reference care giver is kept.
[Bertels and Fahle, 2006] have also proposed a c@tibn of linear programming, constraint
programming and heuristics to assign the care git@rvisits and sort optimally the visits
assigned to each care giver such that the totakpi@atation cost is minimized and the
satisfaction of both patients and care givers igximaed while respecting a variety of soft
constraints i.e. affinities between the patientd eare givers, preferences of care givers for
certain visits, number of care givers’ changest @isits’ and care givers’ time windows, soft
skills requirements, etc. These schedules mustratgmect a set of hard constraints such as the
assignment of all the visits only once, hard skilguirements, work time limitations, hard
time windows of visits, etc. This optimization topftesents different possible solutions of
high quality to the managers who select the mosvenient one or re-calculate parts of the
solutions.

Moreover, [Hertz and Lahrichi, 2006] have proposed mixed integer programming models
for the allocation of care givers to patients ie Botes-des-Neiges local community health
clinic in Montreal, Canada: the first one is withdar constraints and quadratic objective
function optimized by means of CPLEX while the set@ne is with non linear constraints
solved by the Tabu search heuristic. The objeativéhis assignment is the balance of the
nurses workload by minimizing the weighted sumhaf visit load (depends on the heaviness
of each visit compared to a witness visit), casadlgdepends on the number of patients
assigned to a nurse in each category) and traadl(depends on the distances traveled by the
nurse) while respecting constraints related toupper bounds of the visit load, case load,

travel load and the assignment of each patienxactly one nurse of type k. In this work, the
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authors have considered the possibility of assgmirpatient from a district to a nurse who
does not work within this district so as to redube workload imbalance created by the
demand fluctuations. This method is interestingerms of time and resources consuming and
patients follow-up compared to the reorganizatibthe districts.

Another decision tool has been proposed by [Thom2e06] who has formulated the daily
scheduling problem as a vehicle routing problenhwiine windows and shared visits (visits
that have to be carried out by two care giversg $hared visits represent the special feature
of this work. The objective consists in minimizirige total travel time, the number of
unshared and unlocked visits (the visits are camigt by a non reference care giver) and the
number of shared and unlocked visits (the visits @arried out by two non reference care
givers) while respecting the visits’ and care gsvéime windows, assignment of at least one
visit to each care giver, start and end of pairgisifs that constitute shared visits at the same
time. This problem is solved by means of an insartieuristic and Tabu search technique.
[Akjiratikarl et al., 2007] have also addressed ttaely scheduling problem as a vehicle
routing problem with time windows and solved it fmgans of an algorithm which combines
the Particle Swarm Optimization (PSO) meta-hewrighie Earliest Start Time Priority with
Minimum Distance Assignment (ESTPMDA) technique ahd insertion and swap Local
Improvement Procedure (LIP). The objective functioonsists in minimizing the total
traveled distance while respecting constraintsedl#o visits and care givers’ time windows,
assignment of each visit to only one care givehwlite highest priority corresponding to its
ideal start time and the route construction i.artsdnd end of each route at the care giver’s
home.

More recently, [Chahed et al., 2009] have couplea $tages of the anti-cancer drug supply
chain within the context of the chemotherapy at @oithe authors have proposed six models
for this supply chain based in three criteria: tim@dows, number of routes and objective
function. This latter consists either in minimizingroduction and delivery costs or
maximizing the number of patients visited (maximgiprofit). After that, they have
presented numerical results for one of the modadsamalyzed the impact of the variation of
the anti-cancer drug key parameters namely: thécanter drug’s shelf life time, its
production time and its service time. These requiist out the existence of three solutions’
fields: in the first one, no solution exists; inetkecond one, there is an optimal solution
different from the solution of the routing problestudied separately and in third one, the two

optimal solutions coincide.
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All these models proposed do not consider the waicgy of the demand which makes the

scheduling of the care givers’ activities inacceraln order to support this scheduling,

[Lanzarone et al., 2009] have proposed a patiendemavhich entails two parts: a care

pathway model related to the stochastic evolutibthe patient's needs and a cost model

which describes the resources required by the ngasiecording to his pathway. The care

pathway model is based on a Markov chain in whighdtates correspond to the care profile

of the patients. Transition matrices between tlvase profiles are defined based on historical

data and differ according to the first care prafilssigned to the patient when he/she is

admitted in the HHC structure. This model provigeimations of the patient care duration,

the number of cared patients while the cost mostiates the number of requested visits in

a weekly horizon for each patient care profile. sTlmodel can thus help to estimate the

number of care givers necessary to satisfy the ddpta schedule efficiently the care givers’

activities, to assign the care givers to the netiepts in order to balance the care givers’

workload while guaranteeing the continuity of caets. This model can thus conduct to the

improvement of the service quality and the operstimanagement efficiency.

The review of the literature related to the opersimanagement based models developed for

HHC shows that the amount of these models is mot&sieover, this review points out that

the two problems which have been most studiedreessignment of care givers to patients

or visits and the routing problem. Furthermore séhenodels do not consider all the factors

that the operations management has to face upnwilid HHC structures. For example, all

works which deal with the routing problem considaty a unique type of care givers namely

the nurses despite the fact that the HHC is chamaed by the diversity of the human

resources involved in care delivery. In Table 2@, present all the papers that deal with

home health care operations management mentiont iliterature. We put a mark if that

paper considers the complexity factor that we haresented in Section 4. Note that these

factors are referenced by the number of their spwading paragraph in this chapter.

Table 2-3: Complexity factors in the HHC operations managemendels

References |4.1 4.2 43| 44 45 4.6
411 41.20 413 414 421 422 45.1 5.2
Resources | [Busby and / /
dimensioning Carter, 2006]
Districting [Blais et al., e
problem 2003]
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[Lahrichi et

al., 2006]
Allocation of | [Boldy and
resources to Howell,1980]
districts [De Angelis,

1998]
Assignment | [Borsani et
of human| al., 2006]
resources to[Ben

patients ana

Bachouch e

routing al., 2008]
problem
Assignment | [Begur et al.,
of human| 1997]
resources to[Cheng and
visits and| Rich, 1998]
routing [Bertels and
problem Fahle, 2006]
[Eveborn et
al., 2006]
[Hertz and
Lahrichi,
2006]
[Thomsen,
2006]
|Akjiratikarl et
al., 2007]

[Chahed et al.
2009]

[Lanzarone e

al., 2009]
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These results support that the complexity facttvat thave not been considered in the
operations management literature are: the divedditye services proposed according to the
different pathologies covered or according to thigeknt care protocols, the distinction

between the care givers according to their expeegethe material resources’ types, the
uncertainty related to the material resources aldilty and the necessity to design a care
network with other health structures. These facéoespresented on Figure 2-7. Note however
that various qualitative papers e.g. [Afrite et &009], [Chahed et al., 2006], etc. put the

emphasis on the importance of these factors.

experience

- Human resources' types -
+ Types of resources (- s Ejomes G

Material resources' types

o Uncertainty = uncertainty related to the material resources availibiliy

Complexity medical and paramedical quality of care
Ll existence of trusting relationships
‘ - Criteria for the patients =1 reactivity

A satisfactory service quality level |- :

' emotional support

guarantee of a good communication
Criteria for the care providers -

& Necessity to design a care network -

Figure 2-7: Complexity factors not studied in the existing @tiems management related

papers

6. Conclusion

In this chapter, we give a general overview of iH¢C system by positioning it in the global
health care system and discussing its evolutiohiwithe French context.

After that, we focused on operations managemerguoyeying the models developed in the
literature for HHC structures. This literature ®wipointed out that, although the concept of
HHC exists for sixty years now, the amount of @rigioperations management based models
developed for HHC structures is modest.

We also showed the complexity of activities witklHC structures that has to be potentially
taken into account in the operations managemergdoasdels. The qualitative analysis of

the complexity factors thus emphasized the impeodasf developing approaches adapted to
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the specificities of the HHC in order to improveetlorganization of the care delivery
processes within this type of structures.

One natural extension of this work would be theedi@yment of an empirical study in real
HHC structures in order to validate the complexXdagtors presented in this chapter. This
study would also allow the evaluation of the refatimportance of each factor identified.
Based on both the literature review and the qualéaanalysis, various perspectives, relevant
from an organizational point of view, that have meten studied in the literature can be
considered for future research.

First of all, the importance of the material resms for the care delivery processes shows the
necessity of developing approaches for the org#nizaf their supply chain by the selection
of material and equipments’ suppliers, the defomtiof inventory management policies
related to the consumable material resources, rifiEn@ation of the resources delivery to the
patient home, the planning of the medical and padical equipments’ maintenance, etc.

After that, the importance of the HHC as intermeasliype of hospitalization requires the
elaboration, through the operations managemend, stfategy of partnership with the other
types of health structures but also the coordinatd the resources shared with these
structures.

Moreover, due to the diversity of the uncertaintyirges, it would be interesting to propose
models for forecasting the demand (by pathologytybg of care, by geographical zone, etc.)
which would facilitate the allocation of resourdesthe geographical zones. We also suggest
defining policies for the management of patienthhassions/exit. Another solution would be
to design strategies for the management of the ddshariorities (scheduled activities versus
emergencies). Among these policies, the HHC straatan set aside a time slot per planning
period in order to react rapidly when an urgent dedhoccurs. It is also possible to
reorganize in real-time the schedules of the carerg according to the demands’ priority or
to form, as [Lahrichi et al., 2006] have proposegurplus team to cope with the emergencies
related to the variation of some patients’ demamdita absorb the demand’s increase in order
to avoid the overload of the care givers.

Another interesting issue is related to the diwgrsf the human resources delivering the care
to the patients, the variety of the clinical andyamizational decisions defining the care
delivery processes and the importance of the cantinuity as a quality criterion for the
patient. All these elements require the necessitydeveloping tools to coordinate the
activities of the different types of care givets human and material resources, the resources

management and the patients’ admission, etc.
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CHAPTER 3

HOME HEALTH CARE DISTRICTING PROBLEM

1. Introduction

As presented in previous chapters, the districtihthe territory represents a major decision
of service operations management that is largedy tier different types of services where the
customers are dispersed over a large area. Thiegitc decision that consists in partitioning
the territory into sub-areas would allow the ackrent of service operations management
objectives in terms of quality and costs. Howetlas issue has not been considered yet in the
HHC context. We thus focus, in this chapter on It#te¢C districting problem due to the
importance of such a decision in the managemeiihefcare delivery process. Among the
complexity factors that have been presented in @ndgh the modeling of HHC districting
problem will capture the factors related to theattmn of care delivery and the necessity to
guarantee a satisfactory service quality level towdhe patients through the insurance of the
continuity of care.

The HHC districting approach consists thus in piarting the area where the HCC structure
operates into districts, each of them being mandnyed dedicated care givers’ team. This
approach allows the improvement of the care deliediiciency in terms of costs and quality
towards patients as well as towards care givededd, this approach aims at reducing the
travel time of care givers and thus the operationsts. Moreover, the fact that each district is
under the responsibility of a care givers’ teanowati the guarantee of the continuity of care
due to the fact that patients receive the care ftoensame team and thus do not have to
continuously change their relationships with a neawve team. Finally, this approach may
improve care givers’ working conditions through thrkload balance and reinforced
collaboration inside the team which would enhameedatisfaction of care givers. Within this

chapter, we consider the workload balance as erionit for improving working conditions.
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The main objectives of this chapter is to formuldte HHC districting problem by
considering the continuity of care, the workloadabhae and minimizing the distances
traveled by care givers.

The remainder of this chapter is organized as \iloin Section 2, we survey the literature
related to the models that are developed in theatipas management literature applied to the
districting approach and propose a classificatidnthee different criteria that may be
considered in the districting problem. We then pssptwo mathematical formulations for the
HHC districting problem that we present in Secti8n Results of the computational
experiments carried out on randomly generatedmestato validate these two models as well
as illustrations of the use of these two modelspesented in Section 4. In section 5, we
propose three possible extensions to these mod@mlly, Section 6 presents some

conclusions and perspectives that can be considerdéagture research.

2. Literature review of the districting problem and classification of the

districting criteria

The districting of a territory is a strategic démswhich consists in grouping basic units into
larger clusters, i.e. “districts”, so that thesstiiicts are “good” according to relevant criteria.
These latter can be related to the activity levejuired (workload balance between the
districts), demographical (population equality) geographical characteristics (contiguity,
compactness, etc.) of the basic units. These lbasis can typically be zip code areas, postal
areas, streets, geo-codes addresses, etc. Thesharacterized by measures such as the
number of inhabitants, sales potential, workload, e

Districting problems are motivated by different Bpgtions including the political districting,
the sales territory alignment and the more gensealice applications ranging from the
establishment of districts for schools or salt adieg over the definition of police command
or electrical power districting to the definitior districts for the HHC workers. Hence, the
political and sales areas are the two most impbrégplications in terms of number of
publications. In the former application, the mabhjeative is to respect the principle of “one
man-one vote”. In the latter realm, designing salestricts allows meeting the need of a
company which employs a sales force to subdivide mhmarket area into districts of
responsibility. Similarly to the sales territorygaiment, designing service districts permit the

attending of the customers, technical facilitiesenvice incidents.
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Adopting the districting approach in the HHC contesould allow the improvement of the
service quality towards patients as well as towaats givers. First, the fact that patients are
grouped in different districts (where each districunder the responsibility of a unique care
givers’ team) induces the reduction of the trawelet of care givers and consequently the
increase of the time dedicated to the direct cdrelwin turn would reduce operations’ costs
and increase the reactivity of care givers (in adsemergencies for instance). Consequently,
adopting the districting approach would conductbetter satisfy patients. Second, this
approach may improve care givers’ working condgiosince it aims at balancing the
workload between the teams associated with eadhctliszhose members would be more
satisfied and thus more motivated. Additionally,rking in smaller areas, i.e. districts rather
than the whole territory covered by the HHC struetwithin a smaller team may enhance
each care giver's motivation since he/she can dindinforced collaboration inside the team
he/she belongs to and a better dialogue with theager responsible of the team. Finally, the
fact that each district is under the responsibiifya single team may allow the development
of long term relationships between care givers patients which would result in higher
efficiency of care givers and the guarantee of ¢batinuity of care. Thus, this would

contribute in the improvement of the quality ofe&owards patients and care givers.

2.1Literature review

This problem has been widely considered in the &tmars Research literature since the late
sixties in a broad range of applications. Sevemr@aches have been proposed in the
operations research literature to solve the distgcproblem. Among these approaches, we
can distinguish two categories: the managerialthedexact methods based on mathematical
programming techniques. There are two major tygesiathematical models related to the
districting problems: the location-allocation maxlahd the set-partitioning models. The first
approach consists in defining the centers of tistridis (i.e. location of the central basic
units) and then determining their associated sétsic units (allocating the basic units to the
centers) while the second approach decomposesrifjieab set of basic units (the whole
territory) into several subsets of basic unitst(aits).

In the following sub-sections, we present somehaf works dealing with the districting
problem that are classified according to theirmeahnd sorted by their year of appearance.
For each one of them, we precise the differenégatconsidered as well as the approach used

to model the problem. Note that the criteria usedthe literature are the following:
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compactness, contiguity, accessibility, response tio calls for service, population equality,
workload balance, customer balance, respect ofcHgacity limitation, socio-economic
homogeneity, minority representation, similaritytiwithe existing plan, conformity of the
districts designed to the administrative boundaged indivisibility of basic units. These

criteria are going to be better defined and classiih the sub-section 2.2.

2.1.1 Political districting

In the political districting problem, a territoryad to be partitioned into a predetermined
number of districts from which political candidate® elected. The districting procedure must
respect the “one-man-one-vote” principle: sincehedistrict elects one member, the districts
designed must have approximately the same numbegotefs while satisfying some other
criteria.

The first mathematical programming approach has Ipeeposed by [Hess et al., 1965] who
has formulated the political districting problem aocation-allocation problem (capacitated
m-median facility location problem) for designingnepact and contiguous districts which
respect the indivisibility of basic units’ constits and whose populations must lie within a
predetermined interval.

After that, [Garfinkel and Nemhauser, 1970] havelradsed the problem of political
districting as a set partitioning problem. They égwesented a two-stage enumerative
procedure which minimizes the maximum deviationeath district size from the average
size. In the first stage, they have generated bgaglistricts based on criteria related to
population equality (total voters within an intellyacompactness and contiguity. In the
second stage, they have determined the set of ivhaptlistricts that minimize the maximum
deviation of each district's population from theeeage population while respecting the
indivisibility of basic units.

More recently, [Hojati, 1996] have applied a thetege location-allocation approach to
divide a territory into a given number of districtghile respecting criteria related to
contiguity, compactness and population equality.uBing this methodology, district centers
are determined. Then, basic units are allocatdatidee districts. Finally the basic units that
are divided between two districts are reassigneaxhtp one district.

Furthermore, [Mehrotra et al., 1998] have builtitheork based on the previous work of
[Garfinkel and Nemhauser, 1970] and have formuldtesl problem as a set-partitioning

problem. The objective function corresponds torttieimization of the overall compactness

108



of the districts. These latter are characterizegdyyulation equality, contiguity, non-splitting
of the basic units and respect of administrativenolaries as much as possible.

[Bozkaya et al., 2003] have also proposed a wethhtalti-criteria approach based on five
criteria: contiguity, population equality, compae$s, socio-economic homogeneity and
similarity with the existing plan where the firgtiterion is considered as a hard constraint
while the others are combined in a weighted adelinulti-criteria objective function.

After that, [Ricca and Simeone, 2008] have formadathe political districting problem as a
multi-criteria set partitioning problem. The crigeconsidered are: indivisibility of basic units,
contiguity, population equality, compactness andfaonity to administrative boundaries.
The main objective of this problem is to minimizeecor a convex combination of the three

last criteria.

2.1.2 Sales territory alignment

The sales territory design consists in groupingsabverage units into districts of different
salesmen’s responsibilities which must have appnakly similar sizes in terms of number
of customers or workloads generated.

[Hess and Samuels, 1971] have first applied a ilmeatllocation model in order to maximize
the total compactness of all districts while mirding the changes of the existing boundaries
and balancing the “activity” of the entire salesm@e authors have proposed different
“activity” measures such as the number of salescatl sale potential and highlighted the
importance of selecting well the “activity” measwmce it influences the quality of the
solution.

[Easingwood, 1973] have also proposed a heurigifraach for first constructing sales
regions and then subdividing each region into sdisfricts. These districts are built by
starting with their centers and are extended s¢ the workload of each salesman is
approximately equal to the average workload ofrdggon without splitting the basic units
between districts and by respecting administrabeendaries while integrating managers’
preferences. The shortcoming of this approachas ithrdoes not provide a methodology for
partitioning the territory since it represents anom adaptation of managers’ preferences.
Another heuristic approach based on managers’ q@meées which maximizes the profit while
balancing the workload has been suggested by [hod&75]. This profit depends on the time

spent in each district and the number of trips madeach district. This heuristic procedure
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determines the optimal sales call frequencies $anabusly with the optimal partition of the
territory into districts.

More recently, [Ronen, 1983] has suggested a mmnteger programming model for the sales
territory alignment problem. The objective consetkin this case is the minimization of the
total travel driving distance of salesmen whilepexting the balance of the travel driving
distance between districts, indivisibility of basimits, compactness and contiguity of
districts. This model has been solved via an igtera heuristic which gives the managers the
possibility of changing the assignments of basiitsuto districts so that they can take into
account the non quantifiable considerations.

After this, [Zoltners and Sinha, 1983] have develbgour properties of a “good” sales
territory design which are the indivisibility of énbasic units, activity balance according to
predefined attributes, contiguity of the distriated compatibility with geographical obstacles.
In order to satisfy these four properties, [Zolthand Sinha, 1983] have proposed a location-
allocation model whose objective would be the mination of the travel time or the
maximization of the profitability.

[Fleischmann and Paraschis, 1988] have also appedathe sales territory alignment
problem by a location-allocation model which respehe workload balance, compactness of
the districts and indivisibility of basic units.

More recently, [Rios-Mercado and Fernandez, 2008jehsuggested a location-allocation
model where the objective is the maximization of tbtal compactness while balancing
activity measures such as the number of custormperduct demand and workload among the

contiguous districts.

2.1.3 Other services districting

Various districting models have been developed ddferent types of services in the
Operations Research literature. Among these imyasdns, we can identify the school
districting problem, salt spreading applicationgaotdical power and police districting

problems.

2.1.3.1School districting

The school districting problem consists in speaiyifor each school, students who would

attend it. It differs from the previous realms Ihe tfact that, in this context, it is not the
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salesmen/service providers that travel to the ooste but it is the students that have to travel
to schools so that they can attend the coursesciitegion related to the minimization of the
distances is thus more important in this area thdhe other ones.

Among school districting studies, [Schoepfle andixch, 1989] have formulated the problem
of assigning students to schools as a locatiorcation model whose objective consists in
minimizing the total weighted distance associateth wWie assignment of students to schools
while respecting capacity limitations and racidbibae constraints.

[Ferland and Guenette, 1990] have also proposeddtaractive decision support system that
includes multiple heuristics so as to design camttigs districts which guarantee that students
attend the same school from year to year whilee@spy the capacity constraint of each
school. Indeed, they have not presented an optilmizanodel but the users have the
possibility to interact with the system to modifylitions in order to improve the contiguity,
homogeneity or respect of school capacities foresgnades criteria. This system also allows
a very rapid, precise and easy analysis of scenami@rder to determine the most suitable
solutions.

Using an approach similar to those proposed bytfigo$é and Sinha, 1983], [Caro et al.,
2004] have identified seven criteria for the schdistricting problem: indivisibility of the
basic units, respect of grades’ capacities, coityigucompatibility with geographical
obstacles, compactness related to the total disttnaveled by all students, assignment of
students to the same school for all the gradessamdarity with the existing districting
pattern. Furthermore, the authors have considerecddlitional criterion related to the
maximum distance walked by students in order taantae the individual satisfaction. The
objective function considered in the optimizationdal proposed is the minimization of the
total walking distance. This model has been couphth a commercial Geographic
Information System (GIS) whose integration allowsiateraction between the user and the
model in different manners which permits the ineohent of other issues not considered in
the model such as teachers’ availability and opinaw the parents’ point of view. The
advantage of this interaction is that it allows tisers to solve highly subjective problems
where it is important to handle complexity and haimantuition and experience.

Note that it may also be interesting to develophssygstems for solving the home health care
districting problem that would integrate the careegs’ point of view and availability in a
way that an adequate equilibrium between this tatale criterion and the best solution

obtained through the mathematical formulation &chesd.
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2.1.3.2Salt spreading services

The design of districts for salt spreading and roaaintenance operations involves the
partition of a large geographical region into dctsr in order to facilitate the organization of
the operations to be performed within this regibnis case has been studied in the literature
by [Mulydermans et al., 2002] and [Muyldermans let 2003] who have assumed that the
partitioning of the territory’s road network intoistticts must favor the contiguity,
compactness, non-splitting of basic units criténig also the centrality of the depots (whose
locations are given) such that each route stadseas at a depot. The objective function to
optimize can be: the minimization of the numbetratks, minimization of the total distance,

minimization of the number of vehicles requiredloe balance of the workload.

2.1.3.3Electrical power districting problem

Another type of services for which districting mtxléave been developed is the electrical
power problem. Within this context, the districtipgoblem involves grouping electricity

users’ units into districts of approximately equallenue. A mathematical programming
approach developed by [Bergey et al., 2003a] amid®y et al., 2003b] is based on a multi-
criteria model that minimizes both the total contpass and the total deviation of revenue

potential in each district from a target value.

2.1.3.4Police districting

In the Operations Research literature, the digtigcproblem within the police patrol context
has been studied by [D’Amico et al., 2003]. Theydeiothe problem as a set-partitioning
problem subject to constraints of compactness, igwity and also quality of service

considerations related to the response time te datl service which has to be minimized
and/or lies within an interval. Note that the “goeds” of a district is related to the disparity
between the maximum workload and the minimum wa#lof the patrol officers and also to
the average response time to a call. After thegdesf the districts, the optimal number of

patrol cars is determined for each district.

Based on this literature review, we assume thapittegshe various applications of the

districting problem, there are many similaritiestviimen them. More precisely, the HHC
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districting problem share common features with #gplications characterized by the
importance of the human factor namely: the saledgtdey alignment and the service
districting problem. Indeed, the partitioning prepd would have an important impact on the
employees (salesmen and service providers) anduitemers. The criteria used within these
areas whose respect allows the improvement of ¢énéce quality towards the employees
and/or the customers as well as the improvemethefervice delivery or sales processes’
efficiency (e.g. compactness, indivisibility of @snits, activity balance, etc.) must thus
been considered for the HHC districting problemontder to enhance the objectives of
adopting this approach within the HHC context. Ntweess, we assume that the criteria
used in the political field are identical (suchcasnpactness, contiguity, indivisibility of basic
units, etc.) or analogous to the ones used in tihere applications in the sense that they aim
at balancing an attribute which can be populatiomimer for the political area or workload,
number of customers, etc. for the sales and seaveas. That is why we are going to propose
in the next sub-section a classification of thesera which most of districting models are
based on.

2.2 Districting Criteria Classification

This sub-section identifies the features that araroon to all districting applications.

To the best of our knowledge, two classificatiohthe districting criteria have been proposed
in [Kalcsics et al., 2005] and [Tavares-Pereird) 740In the first work, [Kalcsics et al., 2005]
have identified the geographical criteria usedhia political districting and sales and service
territory alignment problems. Furthermore, the dgraphic criteria (in the political
districting problem) and the activity related arige(in the sales and service territory problem)
have been emphasized. In the second work, [Ta\Reesira, 2007] has classified the criteria
into four groups namely: the homogeneity critetieée criteria aim at homogenizing a given
attribute i.e. services, population; this homogation can be associated to each district
individually or to the whole partitioning), the ggaphical criteria (the objective of these
criteria is to define districts that corresponditgeographical attribute like the districts’ shape
which must be as close as possible to a given gemn@m (circle, square, etc.)), the criteria
related to the optimization of the flows betweea tlistricts (if a flow of populations, goods,

etc. is transferred from one district to anothkese criteria aims at optimizing this flow) and
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the similarity criteria (if a territory has beerreddy partitioned into districts, it would be
preferable that the new partition is as close &sipte to the current partition).
Complementary to these existing works, we propos®ee general classification identifying
four classes of districting criteria namely: criderelated to the geographical aspects, criteria
related to the activity measures, criteria relatethe comparison between different territory
partitions and organizational criteria.

The differences between the classification propdeefavares-Pereira, 2007] and ours is
twofold. First, [Tavares-Pereira, 2007] has notsidered the profile balance (see sub-section
2.2.2.2) and the organizational criteria (see detiisn 2.2.4). Second, as we do not find in
the literature any work that deals with the trangfeflows between districts, we have not
represented the class of the flows’ optimizatiateda.

The reader is warned that, in the literature, wentb several terms that refer to the same

criterion. That is why, for each identified critem, we provide the associated used synonyms.

2.2.1 Criteria related to the geographical aspects

The distances considered in the districting probéeenoften expressed in terms of Euclidean
distances, straight lines or networks distances itnportant that the measure used reflects
not only the travel time but also the difficultiss move between the basic units. The criteria
that are related to the geographical aspect aditecting problem are as follows:

» Compactness. Although this criterion is widely ddesed in the literature, we did not
find a rigorous definition but many authors havensidered that a district is
geographically compact if it is somewhat circularsquare in shape rather than long
and thin [Garfinkel and Nemhauser, 1970]. It isy@nportant especially in the
political field due to the fact that it preventorn gerrymandering. This latter is
defined by [Grilli di Cortona et al., 1999] as agtice that consists in “Manipulating
the districts in favor of some political partiesaandidates. The original gerrymander
was created in 1812 by Massachusetts governordgibdriGerry, who successfully
managed to design the district map of the statdadsachusetts in order to guarantee
his reelection”. The compactness is also very inguarin other applications such as
the sales and service territory design since isanreducing the total travel time of
salesmen or service providers and thus improvesédfieiency.

» Contiguity (or connectivity). This criterion refers the fact that it is possible to reach

any basic unit in a district from any other oneigresd to the same district without
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going through another district. It is, accordingn@ny authors, a desirable property
but few of them consider it in an explicit manneithe models developed. According
to [Grilli di Cartona et al., 1999], compactnesglimas contiguity.

Accessibility (or mobility). This criterion is reled to the easiness with which the
personnel (salesmen or service providers) canltiawiein a district; for example by
means of public transportation, private cars, € accessibility can be assessed by
the respect of natural obstacles such as mountainsodies of water or by the
possibility of using public transportation (or avate car) which means that if the
transfer between two basic units via the publimgport (or the route) is too
complicated, then these two basic units shouldbeoassigned to the same district.
This criterion is crucial in the sales and serviegritory alignment since the
salesmen/service providers visit the customers.

Response time to calls for service. This is a gatethat enables to measure the
reactivity of the system. It is closely relatedte distance between the centers of the
districts and the scenes of emergencies (placeslts). This criterion represents a
performance indicator for the systems such as adlistrict design that must respect a

predefined value of the customers waiting times.

2.2.2 Criteria related to the activity measures

The second group of criteria used in the distrectimodels existing in the literature refers to

the measures relative to the amount of activityegated in each district. This class of criteria

can be divided into two subclasses:

2.2.2.1Activity balance criteria

These criteria aim at balancing the different distraccording to specific attributes such as:

Population equality (voter equality) which requitbe design of districts that have the
same number of persons. As the exact equality g déficult to obtain, deviations
from the average population are allowed. Populagiguality is especially used in the
political field as it embodies the respect of tbaé-man-one-vote” principle.
Workload balance (workload equilibrium) is genegralsed within the context of sales

and services territory alignment problems for tresign of “good” districts. This
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criterion is related to the desire of fairly dibtrting the workload among the workers
belonging to different districts (salesmen or sse\providers).

» Customer balance (balance of product/service defrarmhue potential). This
criterion is analogous to the previous one sineenitimber of customers is an activity
measure that could be considered for designinghbathdistricts within the context of
sales and services territory alignment problemshigcase, the main motivation is the
fair distribution of potential prospects or prd#ialcsics et al., 2005].

* Respect of the capacity limitation. It is generallsed for the school district design
and consists in respecting a specified capacity dach school that can not be
exceeded.

2.2.2.2Profile balance criteria

This sub-class of criteria enables to distingugttording to an attribute, between different
types of inhabitants, customers or activities doypéhe workers in different districts. These
criteria can be expressed as follows:

* Socio-economic homogeneity. This criterion refeystie personal incomes of the
inhabitants and guarantees a better representatioesidents who “share common
concerns or views” [Bozkaya et al., 2003]. This logeneity is important in the sense
that it ensures that all the socio-economic clase® the same opportunities to be
represented.

* Minority representation (racial balance). This emibn is crucial in the school

districting problem since it ensures the same ddrta opportunities to all races.

2.2.3 Criteria related to the comparison between differemterritory partitions

The third group of criteria than can be used in thstricting problem concerns the
comparison between different territory partitionsatt can be of different types (i.e.
administrative subdivisions like census tracts, rislwps, etc. versus political/commercial
partitions) or of the same type i.e. redistrictprgblem.
» Similarity with the existing plan. This criterios essentially used in the redistricting
context when the problem consists in designing desiricts that maintain a certain

degree of similarity with the current ones sincesitunrealistic and impractical to
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create a whole new partition instead of what, tifieiency of the current partition in
terms of compactness, population equality, workloalknce, etc. is improved.

» Conformity of the districts designed to the adnthaiive boundaries. In most of the
references mentioned in this work, the districtsigleed must be coherent with the
administrative boundaries in order to facilitatee ttworks with the various

organizations and with community agencies.

2.2.4 Organizational criteria

In addition to the criteria already presented, atrall the references mentioned in this work
consider that is necessary to satisfy the criteregarding the indivisibility of basic units
(exclusive assignment of basic units, integritybafsic units, non-splitting of basic units)
which consists in assigning each basic unit to amé only one district. This indivisibility
allows, in the sales or the services territory emtt the establishment of long-term
relationships between salesmen/service providedscastomers. Furthermore, it avoids the
interference of the salesmen/service providersk&@ince it guarantees that each basic unit
is under the exclusive responsibility of one sal@sfservice provider (or a group of workers).
The different criteria presented in this taxonomavér been formulated mathematically in
various manners (as objective functions to optinuz&ard constraints to satisfy) within the
literature related to the districting problem. Ire trest of this chapter, we are interested in the
modeling of the HHC districting problem.

3. Problem description and modeling

In this section, we propose two mathematical foatiohs for the HHC districting problem

for which we present assumptions adopted, critmiesidered and notations used.

3.1 Assumptions

In the models we have developed, we would assuiitieout loss of generality, that:

A.1l. A basic unit is an aggregation of patientsnigvin the same location. Typically, a basic

unit can be a zip code area, postal area, geo-andiess, etc.

A.2. A distance that separates two patients livimtpe same basic unit is negligible.
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A.3. Patients considered in this study suffer frdme same pathology. At this level, it is
important to mention that most of HHC structuressslfy patients’ therapeutic projects into
categories named “profiles”. Indeed, patients whibseapeutic projects have similarities in
terms of the expected duration of care, type, nunavel average duration of visits are
grouped into the same profile.

A.4. Patients who live in a given basic unit caméndifferent profiles.

A.5. A patient profile is assumed to be known wheyshe is admitted to the HHC structure
and does not change during his/her stay withiHHE system.

A.6. The number and average duration of visits #ratrequired by each patient are known
and are the same among the patients who have e mafile.

A.7. The number of patients admitted to the HH@itire (at each basic unit) is known in
advance and does not change while consideringisirécting problem.

A.8. The number of patients leaving the HHC striet(at each basic unit) is known in
advance and does not change while consideringisirécting problem.

A.9. All basic units are covered which means thigbatients admitted to the HHC have to be
assigned to a district.

A.10. Human resources delivering care to patierdsof the same type, namely the nurses,
who are multi-skills, i.e. able to treat the di#fat profiles associated with the pathology
considered, among all the basic units.

A.11. There is an enough number of nurses availdbéh nurse has a predetermined
capacity (i.e. he/she can handle a certain volumearkload). This capacity is identical
between the different nurses.

A.12. Each district is under the responsibilityaafinique nurses’ team.

A.13. The number of districts to design is predeieed by HHC managers.

A.14. The speed pertaining the travel between tagdounits is considered as deterministic.
A.15. The distance metric used is the network distasince it reflects the real time spent by a
nurse between the basic units.

A.16. The districting is done once for a relatwking period of time which corresponds to
the districting horizon.

As explained earlier, the human aspect is a majaracteristic of HHC services. The
districting problem can directly impact care giveyerformance in several ways. Indeed, the
organization of districts (and the associated t@amharge of the district) would have an
impact on the working conditions of care givers ethin turn impact the satisfaction of

human resources. In our model, this aspect is paghtria the workload balancing criteria.

118



3.2Criteria considered

We consider the following criteria for the HHC disting problem:

» The compactness criterion can be integrated ine rtiodels in two ways. First, the
compactness can be formulated as a hard constgirimiting the maximum distance
between two basic units that would be assignedésame district (i.e. Model 1). The second
formulation consists in minimizing a compactnessasuee which is the maximum distance
between two basic units that would be assignedasame district (i.e. Model 2).

» The workload balance criterion is the second cdterused for the design of “good”
districts. It consists in having almost the samekload among all different districts. The
workload is essentially composed of the care wadkland the travel time. Since the travel
time is directly related to the distances betwdendifferent basic units whose reduction is
guaranteed by the compactness criterion, we coneidg the care workload which depends
on the number of patients visited by the care giesrwell as the profile of these patients.

» The accessibility criterion is also crucial in th#HC context since it is related to the
easiness by which the care givers can travel wihilstrict, for example by means of public
transportation, private cars, etc. The accesgibdiiterion can also refer to the respect of
geographical obstacles such as mountains, bodieatef, etc.

* The conformity of the districts to the administvatboundaries is a criterion that facilitates
the organization of health care delivery procedara$the work with community agencies.
We group the last two criteria into one critericanrely the compatibility. Indeed, we assume
that two basic units can be incompatible for seveasons:

a) Existence of geographical obstacles between.them

b) Difficulty or impossibility to travel from onedsic unit to another by the means of
transportation used by care givers (public transpion, private cars, etc.).

c) They do not belong to the same administratigtridi.

» The indivisibility of basic units’ criterion whichmplies that each basic unit is assigned to
one and only one district. This criterion is comsetl in order to avoid the interference
between care giver teams’ responsibilities and dtaldish long term relationships with
patients.

In the existing literature, the unique Operatiors&arch work that treats the HHC districting
problem has been conducted by [Blais et al., 200f]eed, the authors have proposed a

multi-criteria approach, similar to the one propbbg [Bozkaya et al., 2003] for the political
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districting problem, where the criteria relatedthe visiting personnel mobility (via public
transportation and respect of the geographical acket) and the workload equilibrium
(measured by the sum of the travel time and thé tirme) are combined into a single
objective function whereas the criteria relateth® indivisibility of the basic units, respect of
borough boundaries and contiguity are considerdthes constraints.

Note that in comparison with our models, [Blaiskt 2003] have not considered the different
patients’ profiles separately. Moreover, we propds® models where the accessibility
criterion can be considered as a hard constrairggpect whereas they have considered it as
an objective function to optimize. Additionally ey have formulated the workload as the sum
of the total travel time and the total visit tineafe workload) that has been optimized. On the
contrary, our models aim at balancing the distrattsording to the care workload, the travel
time being related to the compactness criteriomddebased on the preferences that HHC
managers would have, we propose two mathematicaiulations for the HHC districting
problem (Model 1 and Model 2) which consider thenpactness and care workload balance
criteria either as a hard constraint to respeetnoobjective function to optimize.

3.3 Decision Variables

We define the following decision variables:

* X;j: assignment decision variableg=1 if the basic unit i (i=1...N) is assigned totdi j
(=1...M) and 0 otherwise.

» w;: total care workload of district j (j=1...M).

» gap_maxthe maximum deviation (expressed as a percentzge)een the care workload
associated to each district and the average cardoad among all districts (used in Model
1).

» distance the maximum distance that separates two bastes thmat are in the same district,

among all districts (used in Model 2).
3.4Parameters
We use the following notations for the parametéith® models:

* N: number of basic units.

* M: number of districts to design.
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* H: number of patients’ profiles considered.

* by: number of visits required by a patient of pm@fil (h=1...H) during his/her stay within
the HHC system.

» Ty average duration of a visit relative to the deoh (h=1...H).

* Ppn: number of patients living in the basic unit i {i=.N) and having the profile h
(h=1...H).

» dyi: distance between the basic units i (i=1...N) arfd=....N).

* dmax maximum distance allowed between two basic uh#s can be assigned to the same
district (used in Model 1).

» D: set of basic units’ pairs (i, k) whei@, k) 0 D if and only if dg>dmnax (Used in Model
1).

. Ww: average care workload among all districts.

» 1. admissible percentage deviation of the workloadoaiated to a given district in
comparison with the average workload among alridist(used in Model 2).

* e compatibility index. g=1 if the basic units i and k are compatible arath®rwise.

» E: set of basic units’ pairs (i, k) whe(g k) O E if and only if g=0.

3.5Formulations of the problem

Depending on HHC managers’ preferences, two fortimna can be developed for modeling

the HHC districting problem.
3.5.1 Model 1

This model corresponds to the case where a HHC geanarefers to define a minimum
average reactivity for patients that belong to shene district. This can be guaranteed by
fixing an upper bound for the distance allowed lgsmwtwo basic units that are assigned to
the same district (g,). Alternatively, Model 1 can be used in cases wtbke HHC manager
wants to achieve an objective of equitable carekisad’s distribution, so that the total care
workload of the team working in each district is @dgse as possible to the average care
workload. This workload equilibrium can be achiewsdconsidering the following objective

function:
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Minimize max |w. - w (1)
ji=t.m |

Since this expression is not linear, the resolutibthe corresponding mathematical model is
difficult. However, it is possible to linearize Iy introducing another decision variable

gap_maxand adding two hard constraints that relga@_maxto w, andw . To summarize,
the formulation of Model 1 is as follows:

Minimize gap_max (2)
s.to

N H .
w,=>>PhbTXx O j=1.M 3)

i=1 h=1

N H
o ZZFi)hthh
W= i=1 h=l'\/I (4)

W, —w
gap_max= —= O j=1.M 5)
w
w-w, |
gap_max= ——= 0 j=1.M (6)
w

M
»x, =1 O i=1.N (7)
i=1
X +X,<1 0 (LkOE j=1.M (8)
X, +%;<1 0O (i,kOD, j=1.M ©)
x,0{o} O i=1.N j=1.M (10)

The objective function (2) coupled with constraints (5) and (6) gusgaht minimization of
the maximum deviation of the care workload from the average cardoadrlamong all
districts. Constraints (3) and (4) define respectively the care workloadch district and the
average care workload among all districts. Constraint (7), togethér asitstraint (10),
assume that each basic unit is assigned to one and only dénet.dihe compatibility is
guaranteed by constraint (8). Finally, constraint (9) is relatetheéccompactness criterion
where the distance between two basic units assigned to the samc¢ idistounded by ghx
This upper bound guarantees the containment of the travel timenascehables a better

reactivity within each district.
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3.5.2 Model 2

In Model 1, we consider the case where the main objective is tockallhe care workload.
However, a HHC manager could prefer defining a tolerance intervaktisatres that each
district’'s care workload does not deviate from the average care workloadreythan a pre-
specified percentage The main objective would then consist in minimizing thenpactness
measure, i.e. the maximum distance between two basic units asgghedsame district, as

follows:
Mijr_llmize(lrrlg@((dik * X * Xy )} (11)
k=1..N

This objective function would help to improve theactivity of care givers and to reduce the
waiting time of patients as much as possible. Sirlyilto Model 1, this objective function is
not linear. It is possible to transform it intoiaear one by introducing a decision variable
distance to minimize which must respect an additional caist. To summarize, the

formulation of Model 2 is as follows:

Minimize distance (12)
s.to
distancexd, * (x; +x,-1) O i=L.N k=L.N j=1.M (13)
N H .
w, =>>PhbTx O j=1.M (14)
i=1 h=1
N H

2.2 RbT,

— i= hz 15
w Y (15)
M
> x;, =1 0O i=1.N (16)
j=1
X txs<1 0O (,kOE, j=1.M (17)
Q-Dwsw, O j=1.M (18)
ws@+n)w O j=1.M (19)
x, 0{o O i=1.N j=1.M (20)
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Comments on constraints (14), (15), (16), (17) @) of Model 2 are the same as for Model
1. The objective function (12) and constraint (If)arantee the minimization of the
maximum distance travelled among all districts, ttewe workload equilibrium being

considered in constraints (18) and (19) which aefile minimum and maximum allowable

care workload within each district as a percentafye.

4. Computational results

The purpose of this section is to analyze the hehaf the models proposed for the HHC
districting problem by testing each model on 4 sces. Table 3-1 presents the objective
function and hard constraints that have to be wtedein each of the eight scenarios
considered. Details pertaining to these scenaaosbe found in sections 5.1 (for Model 1)
and 5.2 (for Model 2).

For each scenario, the numerical analysis startsektyng the values of the number of basic
units N, the number of districts to design M, thener of profiles H, the maximum distance
between two basic units assigned to the same distfix (in Model 1) or the percentage
deviationt (in Model 2). After that, for one instance, we gete randomly the distance
matrix dn,ny, the number of visitspband the average duration of the visitsr@lative to the
profile h, the number of patients, aving the profile h and living in the basic uinéind the
compatibility matrix @y,n). Note that the latter parameter is generated famlgcenarios 2 and

3 where we consider the compatibility constrainte 8blve the problem for one instance
where we calculate the value gap_max(Model 1) ordistance(Model 2). If a solution
(optimal or simply feasible) could be obtained witB0 minutes of computation, the problem
is considered feasible for this instance. We reflgatandom generation ofxgly, bn, Th, P
and ey 20 times and then evaluate the megmp_max(Model 1) or the meaulistance
(Model 2) over these 20 instances that have thee satues of N, M, H and.dx (or t) and
different values of @), b, T, Pnh and ey n). We also assess the feasibility percentage which

corresponds to the number of feasible instancesstbese 20 instances.
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Table 3-1:Criteria considered in each scenario

Model 1 Model 2

Scenario 0 | Objective function (2) Objective function (12)
Constraints (3), (4), (5), (6),| Constraints (13), (14), (15),
(7), (10) (16), (20)

Scenario 1 | Objective function (2) Objective function (12)
Constraints (3), (4), (5), (6),| Constraints (13), (14), (15),
(7). (9), (10) (16), (18), (19), (20)

Scenario 2 | Objective function (2) Objective function (12)
Constraints (3), (4), (5), (6),| Constraints (13), (14), (15),
(7). (8), (10) (16), (17), (20)

Scenario 3 | Objective function (2) Objective function (12)
Constraints (3), (4), (5), (6),| Constraints (13), (14), (15),
(7). (8), (9), (10) (16), (17), (18), (19), (20)

The parameters considered in each instance areagedas follows:
* The problem dimension: it refers to the numberasi® units N and the number of districts
to design M. By considering 4 different values o£N10, 20, 40, 100} and Mt {1, 2, 3, 4},
we generate 4 groups of instances: very small (NeidDM € {1, 2, 3, 4}, small (N=20 and
M {1, 2, 3, 4}), medium (N=40 and M {1, 2, 3, 4}) and large size (N=100 and #41, 2,
3, 4}) instances. Note that the case M=1 correspdadhe organization of the care delivery
without adopting the districting approach and wélve as a basis for our numerical analysis.
» The number of profiles H is equal to 2.
» The number of visitsgoand the average duration of the visitgr@lative to the profile h are
generated randomly from uniform distributions respely DU (0, 2) and DU (0, 5).
» The number of patientsyFhaving the profile h and living in the basic unis generated
randomly from a discrete uniform distribution DU @D).
» The distance matrixy) is generated as follows:

- For each basic unit i, we randomly generate anisds¢s and an ordinate ;Yfrom a

uniform distribution DU (0, 200).
- For each pair of basic units i and k, the distathcés then calculated according to the

formula:d, =./(X - % )2+(Y-Y)?
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» The maximum distance between two basic units asditm the same district,gk can take
different values that vary from 90 to 300:;d7{90, 110, 130,...., 250, 270, 290} for
scenarios 1 and 2 of Model 1 anghg /{100, 150, 200, 250, 300} for scenario 3 of Model 1
» The percentage deviatianof each district care workload from the average e@orkload
can be equal to 100%, 10% or 1%.

» The compatibility matrix @, ny iS generated as follows:

- We fix a weight pax that represents, for each basic unit i, the mawinmatio of
incompatibilities with the other basic units k (k£i..N) : pnax € {0, 0.05, 0.1,..., 0.3,
0.35}

- Foreach lineiof e:

a) We fix g=1.
b) We randomly generatec@=i+1...ny SUch that the ratio of the number of zeros in the
right part of the line i is less or equal te.p

- For each column i of e:

a) ek (k=i+1..N)=€i
The models proposed are coded in C++. All testewen under Windows XP with an Intel
Core Duo CPU (3 GHz) and 2 Go of RAM. We used addead MIP software (CPLEX11.1)

with the solver default settings.

4.1 Model 1

4.1.1 Scenario 0

Numerical analysis performed for this scenario aitmanalyzing the effect of varying the
number of basic units N and the number of distrtotslesign M on the meagap_max
Therefore, we consider different values afif40, 20, 40, 100} and M{1, 2, 3, 4} and we
randomly generate for each couple (N, M) 20 instanas explained before. Since this
scenario does involve neither the compatibility ther compactness constraints i.e. constraints
(8) and (9), feasible solutions could be found dbirthe instances considered. Results from
Table 3-2 that displays the values of mg@p_maxof each set of 20 instances associated
with a given couple (N, M) show that:

* For a given N, the higher is M, the worse is theamgap_max(i.e. the worse is the
workload balance) since it is more difficult to leaagual workloads among the districts.
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» For a given M, the higher is N, the better is theangap_maxdue to the fact that a high

number of basic units increases the chance ohgettjuitably loaded districts.

Table 3-2:Meangap_maxof Scenario 0

N 10 20 40 100

M |{1/0,0000% 0,0000% 0,0000% 0,0000%
2|0,4031% 0,1448% 0,0192% 0,0008%
311,5112% 0,3955% 0,0472% 0,0033%
416,3625% 0,7809% 0,0834% 0,0132%

For the remaining scenarios, in order to simplhg tanalysis, all our numerical examples
have been run for values of M=2 and M=3. Sinceréisailts of different values of M yield the
same qualitative behavior, we therefore presenmntimaerical results associated to the case

M=2 in the following sub-sections. Results pertagnio M=3 are provided in Appendix C.

4.1.2 Scenario 1

Within the framework of this scenario, we intendstoidy the impact of the compactness
constraint on the meagap_maxfor different values of N{10, 20, 40, 100}. Since the key
parameter related to the compactness constraitiswe experiment different values af 4
which vary between 90 and 290 in steps of 20. eheombination (N, §), we generate
randomly 20 instances as explained before. Noliaé the value of g« is defined by HHC
managers on the basis of the target satisfactival lef patients admitted to the HHC
structure. Indeed, a small value of.dincreases the average reactivity of the system
(especially in case of emergencies) which wouldroup the service quality level. In Table
3-3 and Table C-1 (Appendix C), we display the iteiiyy percentage of each set of 20
instances relative to a combination (Nl and the meagap _maxvalues of each set of 20
instances which are associated to 100% of feasithdr respectively M=2 and M=3.
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Table 3-3: Feasibility percentage and megayp_maxof Scenario 1 for M=2

N 10 20 40 100

Feasibility | mean Feasibility | mean Feasibility | mean Feasibility | mean
dmax | Percentage gap_max gap_max gap_max gap_max
90 |0%
110 |10%
130 |25%
150 |45%
170 |100% 1,8699%
190 [100% 0,6504% 85%
210 |100% 0,4248% 100% 0,1574% 100% 0,0471% 100% 0,0026%
230 |{100% 0,4212% 100% 0,1465% 100% 0,0423% 100% 0,0019%
250 |{100% 0,4031% 100% 0,1448% 100% 0,0403% 100% 0,0012%
270 |100% 0,4031% 100% 0,1448% 100% 0,0398% 100% 0,0010%
290 |100% 0,4031% 100% 0,1448% 100% 0.0192% 100% 0,0008%

From Table 3-3 and Table C-1, we can make theviatig observations:

 For a given N, the percentage of feasible instanceseases when the value of.d
increases.

* On the contrary, for a givenng, the feasibility percentage decreases as longeasalue
of N increases.

* For a given M, the value of.gs from which the problem becomes feasible for a# th
instances increases when N increases.

* For a given N, the value of.gk from which the problem becomes feasible for a# th
instances decreases when M increases.

» For a given gy the higher is N, the better is the mgap_max

* For a given N, by increasing the maximum distangg, dve decrease the megap _max
Indeed, by increasing.dy, Wwe enlarge the number of possible basic unitsuging which

leads to an improvement of the megap_max
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4.1.3 Scenario 2

The objective of this scenario is to study the iotpaf the compatibility constraint on the
feasibility percentage and the megayp_maxfor different values of N1{10, 20, 40, 100}.
We then vary the key parametegpbetween 0 and 0.35 in steps of 0.05. Remembethbat
value of phax captures the nature of the territory where the Hiiivers care to patients.
Indeed, important values ofng would characterize rural areas or urban areas evtiex
travelling between the different basic units ididifit. Tables 3-4 and C-2 (Appendix C) show
the feasibility percentage of each 20 randomly gged instances’ set relative to a pair (N,
Pmay and the meagap_maxvalues of the 20 instances’ sets which corresgonti00% of

feasibility.

Table 3-4: Feasibility percentage and megayp_maxof Scenario 2 for M=2

N 10 20 40 100

Feasibility | Mean Feasibility | mean Feasibility | mean Feasibility | mean

Pmax | P€rcentage gap_max | Percentage gap_max | Percentage gap_max | Percentage gap_max

0 100% 0,4031% 100% 0,1448% 100% 0,0019% 100% 0,0008%

0,05 |100% 0,4031% 100% 0,1448% 100% 0,0665% 0%

0,1 |100% 0,4031% 100% 0,2216% 0%

0,15|100% 0,9815% 30%

0,2 [100% 2,4092% 0%

0,25 | 75%

0,3 [45%

0,35 |0%

According to Tables 3-4 and C-2:

* For a fixed value of N, as long as the ratio ofoimpatibilities increases, the feasibility
percentage decreases.

» Similarly, for a given value of Ry the higher is N, the worse is the feasibilityqastage.

» The threshold value ofjax from which the feasibility percentage becomes edqoied

decreases when N increases.
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Indeed, the last two points can be explained byfalee that, for a fixed value of.f, the
number of incompatibilities increases when N insesawhich leads to the reduction of the
basic units’ grouping possibilities.

» For a fixed value of N, by increasing the ratig,pthe meargap_maxncreases. Actually,
when phax increases, the number of grouping’s possibilitiesreases and thus the mean

gap_maxncreases.

4.1.4 Scenario 3

This scenario represents a generalization of thietveo scenarios. Three key parameters are
varied N_1{10, 20, 40, 100}, daxJ{100, 150, 200, 250, 300} and,pL {0, 0.05,..., 0.3,0.35}.
We present in Tables 3-5, 3-6, 3-7 and 3-8 theltefar N=10, 20, 40 and 100 and M=2 and
in Tables C-3, C-4, C-5 and C-6 (Appendix C) theuts for N=10, 20, 40 and 100 for M=3.
Notice that Scenario 1 is a special case of Scergafor which pax is equal to 0 as well as
Scenario 2 is a special case of Scenario 3 forhwig=300. Consequently, as Tables 3-5 to
3-8 and Tables C-3 to C-6 (Appendix C) show, thslits obtained in both scenarios 1 and 2
can be generalized for the different values of eeipely pnax and Ghax IN addition to the
others conclusions, these tables display that ffiv@n N, the higher isppy the higher is the

threshold value of ghx from which the problem becomes feasible.
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Table 3-5: Feasibility percentage and megayp_maxof Scenario 3 for N=10 and M=2

Omax 100 150 200 250 300
Pmax| 0 Feasibility Percentage| 10% 45% 100% 100% 100%
meangap_max _ 0,4356% | 0,4031%| 0,4031%
0,05| Feasibility Percentage| 10% 45% 100% 100% 100%
meangap_max _ 0,4356% | 0,4031%| 0,4031%
0,1 |Feasibility Percentage|10% 45% 100% 100% 100%
meangap_max _ 0,4356% | 0,4031%)| 0,4031%
0,15| Feasibility Percentage| 5% 30% 100% 100% 100%
meangap_max _ 1,9070% | 0,9815%)| 0,9815%
0,2 |Feasibility Percentage|5% 20% 85% 100% 100%
meangap_max _ 2,4092% | 2,4092%
0,25| Feasibility Percentage| 0% 5% 65% 75% 75%
0,3 |Feasibility Percentage| 0% 5% 35% 45% 45%
0,35| Feasibility Percentage| 0% 0% 0% 0% 0%

Table 3-6: Feasibility percentage and mean gap_max of SceBdaoN=20 and M=2
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Omax 100 | 150 200 250 300
Pmax | O Feasibility Percentage| 0% | 25% 100% 100% 100%
meangap_max _ 0,1632% | 0,1448% 0,1448%
0,05 Feasibility Percentage| 0% | 25% 100% 100% 100%
meangap_max - 3,3296%) 0,1632% | 0,1448% 0,1448%
0,1 Feasibility Percentage| 0% | 0% 65% 100% 100%
meangap_max _ 0,2216%)| 0,2216%
0,15 Feasibility Percentage| 0% | 0% 5% 30% 30%
0,20-0,35 | Feasibility Percentage| 0% | 0% 0% 0% 0%



Table 3-7: Feasibility percentage and megap_maxof Scenario 3 for N=40 and M=2

Omax 100 | 150| 200 250 300
Pmax | O Feasibility Percentage| 0% | 0% | 95% 100% 100%
meangap_max _ 0,0404%| 0,0192%
0,05 Feasibility Percentage| 0% | 0% | 20% 95% 100%
0,1-0,35 | Feasibility Percentage| 0% | 0% | 0% 0% 0%

Table 3-8: Feasibility percentage and megagp_maxof Scenario 3 for N=100 and M=2

dmax 100|150 | 200 250 300
Pmax | O Feasibility Percentage 0% | 0% | 60% 100% 100%
meangap_max _ 0,0019% | 0,0008%
0,05- Feasibility Percentage [0% | 0% | 0% 0% 0%
4.2Model 2

4.2.1 Scenario0

Numerical analysis performed for this scenario aimanalyzing the impact of varying the
number of basic units N and the number of distriotslesign M on the meattistance We
then consider different values of N{10, 20, 40, 100} and MC{1, 2, 3, 4}. Since this
scenario does not involve neither the compatibitity the workload balance constraints i.e.
constraints (17), (18) and (19); the problem isitgla for all the instances. The medistance
obtained for different values of N and M are présdnn Figure 3-1 which shows that:

* For a given N, the meadistancedecreases when the number of districts to design M
increases. Indeed, the design of an increasing aumibdistricts may conduct to grouping
basic units that are closer to each other.

* For a given M, the higher is N, the higher is theamdistance Indeed, by increasing the
number of basic units, we increase the probabdftgrouping basic units that are far from
each other.
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As for Model 1, we have conducted numerical testsM=2 and 3 whose results have the
same qualitative behavior. We therefore presennthmerical results associated to the case
M=2 in the following sub-sections. Results pertaghio M=3 are provided in Appendix D.

mN=10

B N=20

mean (distance)
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o
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Figure 3-1: Meandistanceof Scenario O

4.2.2 Scenariol

The objective of this scenario is to analyze tHeatfof the workload balance constraint on
the meandistancefor different values of N (N{10, 20, 40, 100}). Since this criterion
depends on the admissible percentage deviatiomeofdistrict workload from the average
workload i.e.t, we vary the value of (tLJ{100%, 10%, 1%}). Within the framework of this
scenario, feasible solutions could be found fortld instances considered for M=2. The
feasible percentages that correspond to the differeuples (Ng) for M=3 are presented in
Table D-1 (Appendix D). As can be seen from Figd42 and Table D-1 which display the
meandistancerelated to the different pairs (i), for respectively M=2 and M=3:

* For a givenr, the higher is N, the higher are the feasibiligrqgentage and the mean
distance

* For a given N, by decreasing the admissible peaggntdeviationt, we decrease the
feasibility percentage and increase the ndiatance Indeed, when we decreaseve reduce
the tolerance interval of the care workload andstthe number of possible combinations

between the basic units which leads to a worseavaflthe meawdlistance.
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Figure 3-2: Meandistancefor Scenario 1 for M=2

4.2.3 Scenario 2

In this scenario, we vary the key parametgsp{0, 0.05,..., 0.3,0.35} in order to analyze the
meandistancebehavior when we integrate the compatibility caaist for different values of
NU{10, 20, 40, 100}. Tables 3-9 and D-2 (Appendix @hich display the feasibility
percentage and the medistanceof each set of 20 instances relative to a couplgfay (for
respectively M=2 and M=3) show the impact af,pand N on the feasibility percentage as
well as the impact of N on the threshold value gffrom which all the instances become
infeasible. There are similar to the first thregutes presented in Sub-section 4.1.3. Moreover,
the computational results presented in Tables Bé9la2 (Appendix D) show that:

» For a given value ofpyx the higher is N, the higher is the mehstance

* For a given value of N, the mealistanceincreases when the ratio of incompatibilities
increases. Actually, whenyp increases, the number of grouping possibilitiesrekeses and

thus the meadistanceincreases.
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Table 3-9: Feasibility percentage and medistanceof Scenario 2 for M=2

N 10 20 40 100

Feasibility |mean |Feasibility |mean |Feasibility |mean |Feasibility |mean

Percentage distance| Percentage distance | Percentage distance | Percentage distance

Pmax| 0  |100% 145,908 100% 165,000100% 184,927100% 199,577

0,05/ 100% 145,908 100% 165,000100% 211,9150%
0,1 |100% 145,908 100% 196,828 0%
0,15/ 100% 155,798 30%
0,2 |100% 167,1670%

0,25/ 75%
0,3 |45%
0,35/0%

4.2.4 Scenario 3

As explained in sub-section 4.1.4, this scenarfwagents a generalization of the last two
scenarios within which we vary the values of thkeg parameters i.e. 10, 20, 40, 100},
t{1, 0.1, 0.01} and Rax1{0, 0.05,..., 0.3,0.35}. The analysis of Tables®-3-11, D-3 and
D-4 (Appendix D) which display the feasibility pertage and the meadistance for
respectively N=10, 20 and N=40, 100 for M=2, 3 aade that the results of scenarios 1 and 2
are valid for respectively different values gfpandr.

Furthermore, Tables 3-10, 3-11, D-3 and D-4 pouittbat:

* For a given N and a giveng, the feasibility percentage decreases as longeasalue of

T decreases.

» For a givert and a given pax the higher is N, the worse is the feasibilityqesrtage.

» The threshold value ofax from which all the instances become infeasiblegases when

T increases.
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Table 3-10:Feasibility percentage and medistanceof Scenario 3 for N=10, 20 and=2

N 10 20
T 1 0,1 0,01 1 0,1 0,01
Pmax | O Feasibility Percentage | 100% | 100% | 100% | 100%| 100% 100%
meandistance 145,908 147,802 164,426 165,000 168,691 171,135
0,05 | Feasibility Percentage | 100% | 100% | 100% | 100%| 100% 100%
meandistance 145,908 147,802 164,426 165,000 168,691 171,135
0,1 |Feasibility Percentage |100% | 100% | 100% | 100% | 100% 100%
meandistance 145,908 147,802 164,426 196,828 196,846 201,879
0,15 | Feasibility Percentage |100% | 100% | 75% 30% 25% 10%
meandistance 155,798 156,043 168,07_
0,2 |Feasibility Percentage |100% | 100% | 55% 0% 0% 0%
meandistance 167,167 174,62_
0,25 | Feasibility Percentage | 75% 35% 5% 0% 0% 0%
0,3 |Feasibility Percentage |45% 10% 0% 0% 0% 0%
N
0,35 | Feasibility Percentage | 0% 0% 0% 0% 0% 0%

meandistance

Table 3-11:Feasibility percentage and medistanceof Scenario 3 for N=40, 100 a2

N 40 100
T 1 0,1 0,01 1 0,1 0,01
Pmax | O Feasibility Percentage | 100% 100% 100% 100% 100% 100%
Mean distance 184,927| 184,927| 184,927| 199,577| 199,577| 199,577
0,05 | Feasibility Percentage | 100% 100% 100% | 0% 0% 0%
meandistance 211,915| 211,915 212,561_
0,1- | Feasibility Percentage | 0% 0% 0% 0% 0% 0%
0,4 | meandistance

These results show that for improving the worklbathnce (Model 1), we should reduce the

number of districts to design. On the contrary,riducing the distances traveled within each

district (Model 2), it is better to partition thertitory as much as possible. It is also clear that
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the respect of the hard constraints related toctirapatibility and workload/compactness
explains the existence of infeasible instances e as the worsening of the workload

balance or the compactness measure.

4.3 lllustration of the use of models developed

The contribution of the models developed so fdirs$ a quantitative assessment of the mean
gap_max(for Model 1) and meanistance(for Model 2) for HHC structures that want to
design the partition of the territory they opermteThey can also be used in other different

contexts, as described in the illustrations below.

4.3.1 Evaluating the best number of districts to design

Consider the case of a HHC structure that doehawet a precise idea about the number of
districts to be designed and wants to take the @esision, regarding the value of M to
choose. The best value of M would be the one whidrantees the feasibility of the problem
and corresponds to the best workload balance (mimingap_ma) or compactness
(minimumdistance for a given value of ghy or 1. As described in the numerical analysis, for
improving the workload balance (Model 1), we showdluce the number of districts to
design. On the contrary, for reducing the distanicageled within each district (Model 2), it
is better to partition the territory as much assgas. Within this context, the HHC managers
would no more fix the value of the number of dgsito design M instead of what they define
the minimum and maximum numbers of districts thah de designed M, and Mnax
Consequently, the best value of M for Model 1 wobkl the smallest value of M which
guarantees the feasibility of the problem for aegiwalue of gax, While for Model 2, the
optimal value of M would be Mux

For illustrating this, we are going to use one loé instances generated for the numerical
analysis namely instance 1 for which we apply sdena in the context of Model 1 and
Model 2.

4.3.1.1Model 1

For instance 1, we consider:

* The number of basic units N is equal to 20.
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* The minimum number of districts that can be degigvgi, is equal to 2.

* The maximum number of districts that can be desldvig.xis equal to 5.

» The maximum distance between two basic units asdigmthe same district,gk is varied
between 50 and 300 in steps of 50.

In Table 3-12, we present tgap_maxor different combinations of M and.gk where M and
dmax Varies respectively between 2 and 5 in step ofdleetween 50 and 300 in step of 50 i.e.
M €{2, 3, 4, 5} and dax {50, 100, 150, 200, 250, 300}. Table 3-12 shows tbaa given
value of Ghax the higher is M, the worse is tgap_max Despite this, this table proves that
the optimal value of M corresponding to a givenueabdf dax is the smallest value of M that
guarantees the feasibility of the problem. For eplamif the managers decide to limit the
distance allowed between two basic units that canabsigned to the same district to
dmax=200, the 20 basic units would be divided best M&® districts.

Table 3-12:Meangap_maxof Model 1

dmax | 50

43,848%
2,631%| 3,761%| 37,795%
200 | 0,186%| 0,335%| 0,485%| 0,708%
250 | 0,112%]| 0,224%| 0,485%| 0,555%
300 | 0,112%| 0,224%| 0,485%| 0,555%

4.3.1.2Model 2

For illustrating Model 2, we use instance 1 geregtdbr the numerical analysis of Model 2
for which we vary the parameterthat represents the percentage deviation of eesthct
care workload from the average care workload relavethe profile h (h=1...H) and which
can be equal to 100%, 10% and 1%. The values ofobjective functiondistancethat
correspond to the various couples of @lare summarized in Table 3-13 which shows that
the best way to optimize the compactness is toddithe territory as much as possible.
Consequently, the optimal value of M is the highedtie allowed by the decisions makers.
The optimal value of M is then M=M,=5 fort=100%,1=10% anct=1%.
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Table 3-13:Meandistanceof Model 2

M 2 3 4 5
0

T | 100% 1 198 263| 127.157] 102.444| 90,039
0)

10% 1 198 263 154,904/ 140,068 135,898
1%

198,263| 159,133| 162,183| 160,038

4.3.2 Finding the dmax Or T values

In Section 4.3.1, we assumed that the number t¢rfictsto design M is no more predefined
by the decisions-makers. However, it is possibé the decisions-makers want to partition
the territory into exactly M districts but do nat the value of gaxor t. The models proposed
for the HHC districting problem can thus be usedind the most suitable value of,gor t
which conduct to a feasible solution of the probland corresponds to the best workload
balance (minimumgap_mak or the least compactness (minimuiistancg. Within this
context, the HHC managers would precise an intdorahe values that can takgsglor t i.e.
[d1, db] or [tg, T2] @s well as the accuracy degree i.e. the stepghish the values of ghxor t
varies.

Note that the minimum value @fap_maxis obtained with ga,=d>, the upper bound of the
interval defined by the HHC managers, due to thet that, as shown beforgap_max
decreases by increasing the maximum distance. Hawthe value ofjap_maxobtained with
dna=tk can be equal to the value ghp_maxobtained with other values; dsuch that
d3D[d1,d2]. The most suitable value of,g corresponds then to the minimum value ef d
such thagap_max(g)=gap_max(d).

Similarly, the minimum value afistanceis obtained by=r1,, the upper bound of the interval.
This can be explained by the fact that the highehé admissible percentage deviatipthe
lower is the value oflistance Furthermore, the minimum value distancecan be obtained

by t= 13 such that, D[rl,rz]. The objective consists then in finding the snstllalue ofts

such thatistancet 3) =distancef ).
In order to back up these conclusions, we are gtmryesent an example for both Model 1

and Model 2 namely instance 1 generated before.
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4.3.2.1Model 1

We consider instance 1 for which H=2, N=20 and MH3e maximum distance alloweg,4
varies between 100 and 200 in step of 10. For elagh we calculate the corresponding
gap_maxby using Model 1. The corresponding results aesgmted in Tables 3-14 and 3-15.
We see from these tables that workload balanceases with the maximum distance allowed
dmax @and that the values ajap_maxfor dna=190 and gly=200 are equal. Limiting the
distance allowed between two basic units assigogbde same district to 190 for partitioning

these 20 basic units into 3 districts conducts thahe best solution.

Table 3-14:Value ofgap_maxor d,,, 0[100,15Q

d max

100 | 110 | 120| 130 140 150
9,625% 6,871% 2,631%

gap_max

Table 3-15:Value ofgap_maxfor d,,,, 0[160,20Q

rmax 160 170 180 190 200
gap_max| 1,807% 1,433% 1,323% 0,335% 0,335%

4.3.2.2Model 2

We now illustrate how Model 2 can be used for deteing the most suitable value offor
instance 1 for which H=2, N=20 and M=3 districtse Wary the values af between 1% and
10% by a step of 1%. The objective functdistancecorresponding to eachis provided in

Tables 3-16 and 3-17. It is clear from these redhlkt the suitable value ofs equal to 5%.

Table 3-16:Value of distance forD[l%,S%]

T 1% 2% 3% 4% 5%
Distance | 159,133 | 159,133 159,138 159,133 154,904
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Table 3-17 :Value ofdistancefor r D[G%;LO%]

T 6% 7% 8% 9% 10%
Distance | 154,904 | 154,904, 154,904 154,904 154,904

Since now, we have analyzed the results of appltfegtwo models proposed for the HHC
districting problem. However, even if the mathemratiformulations of these two models
differ, they represent the same criteria among lwhibe workload balance and the
compactness criteria are formulated differentlyn€amuently, it is possible to obtain, for
given values of N and M the same performance imgeiof workload balance and
compactness by applying either Model 1 or Modelr2the next sub-section, we use an

illustrative example to compare the different resobtained by both models.

4.4 Duality between Model 1 and Model 2

For testing the duality of the two models, we cdaesiScenario 1. We begin by fixing the key
parameter of Model Z=1 and varying Ni{10, 20, 40, 100}. For each instance k (k=1...20)
corresponding to a pair (N, 1), we apply Model 2ha context of Scenario 1. This gives us
the value of the maximumistancebetween two basic units that can be assignedetsdime
district for each instance. We consider that theédue ‘distanc@’ corresponds to the
maximum distance that must be respected for timnte k according to the constraint (9) of
Model 1. We can thus determine, by solving Modeth& gap_maxof each instance k
(k=1...20) corresponding to the pair (Nistancg). Table 3-18 presents the performance
measures of the two models for five instances antbadgwenty instances tested by applying

the procedure described above.
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Table 3-18:Results of Scenario 1 considered for Model 1and éll@dor instances 1, 5, 10,

15 and 20
Instance 1 5 10 15 20
10 | model 2distance | 132,012 155,285 157,971 131,781 164,585
model 1gap max | no solution | 78,654 no solution  no solution 15,745
20 | model 2distance | 198,263 168,708 155,940 141,963 165,321
model 1gap max | 2,680 no solution| 0,477 4,390 7,865
40 | model 2distance | 186,993 177,787 199,215 187,052 187,522
model 1gap max | 2,111 3,604 1,073 no solution 1,638
100 | model 2distance | 190,589 203,882 197,695 205,872 198,222
model 1gap max | no solution | no solution| O no solution  0,015717

After that, we calculate for Model 1, the percemetalgviation of the care workload from the

average care workload of each instance k. This epémge deviation is formulated

as(r,), =1- gap _max,. The mean values af, that correspond to the different values of

N are presented in Table 3-19. Notice that theaesaf 7, are close to and that the bigger is

N, the closer ig, to the value ofr that we consider for Model 2.

Table 3-19:Mean values of,

N |10

20

40

100

T, | 0,918

0,988

0,999

1,000

5. Extensions of the HHC districting model

The models proposed for the HHC districting modaels be extended in several ways:

Rather than doing a general workload (includingpaitient profiles) balance per

district, one can try to separate the differentigait profiles and model them
differently. This leads to Model 3 and Model 4.

Rather than considering one type of care givers, wiorkload balance can be

established for different care givers’ types, indhg not only the nurses but also
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the physicians, physiotherapists, social workets, €his leads to Model 5 and

Model 6 where we distinguish various specialties.

5.1Distinction between patients’ profiles

When a patient is admitted in a HHC structure, has/therapeutic project is established.
These therapeutic projects are classified by th€tiuctures into categories named profiles.
Each profile is characterized by the expected duradf the patient’s stay within the HHC
structure, the frequency at which the patient wél visited by the HHC care givers and the
average duration of each visit.

In the two models previously proposed, we haverassithat the patients who live in a given
basic unit can have different profiles but we hae¢ distinguished these different profiles
when we calculate the care workload. However, ttay influence differently the workload
associated to a district or the burn out levelhaf tare givers. This explains the necessity of
considering patients’ profiles separately.

Hence, we consider that Is the profile (or a set of profiles) whose imiveda could conduct
to a large inequity between the districts’ workloadwhose psychological impact on care
givers is the most important. The rest of the pesfare grouped into a set notedBy doing
this, we give the decisions-makers the opportuiaitireat the profiles differently by defining
a tolerance interval for each set of profiles delem on the decisions-makers’ preferences.

The formulations of Model 3 and Model 4 can be imAppendix E.

5.2Distinction between types of care givers

Apart from this, the care workload that resultsrirthe profile of the patient varies according
to care givers’ specialties. Indeed, the care veckewithin the HHC structures are delivered
by a multidisciplinary team composed of medical @adamedical care givers among whom
we distinguish: physicians, nurses, physiotherapmsbcial workers, home support workers,
pharmacists, etc. Note that the workload generayea given profile varies from one type of
care givers to another. These workloads differ eting to the importance of the activities
achieved by each type of care givers. Consequetiyould be interesting to separate the
various specialties and to model them differenithythis context, we need to modify one of
the assumptions considered for modeling the probledeed, the care givers delivering care

to patients are no more of the same type. We tesunae thatisrepresents the care givers’
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type (or a set of types) that has the smallest wadkor that represents the type (or a set of
types) that correspond to the most important peribcare givers among the total number of
care givers. The rest of the care givers’ typegjasaped into a set notegl $he formulations

of these models i.e. Model 5 and Model 6 are piteskin Appendix E.

Numerical analysis that aim at comparing Model tegpectively Model 3 and Model 5 have
been presented in Appendix F. On one hand, the gtatipnal experiments carried out to
compare Model 1 and Model 3 show that fewer instanare solved exactly by using the
extended formulation i.e. Model 3 which also insesthe meagap_max Moreover, the

results show that the relative gaps generated éwddition of a tolerance interval related to

profile h (i.e. the use of the extended formulatimtreases when the raﬂwé decreases. On
W

the other hand, by comparing the initial formulatice. Model 1 and the extended one i.e.
Model 5 according to the second extension, we cmlgcthat using the extended formulation
(i.,e. Model 5) decreases the feasibility percentagel increases the meayap_max
Furthermore, the relative gaps between using Mddehd Model 5 increases whep.4d
increases and wham, or ts; increases. The difference between the relative gégs; andts,

is related, as for the case of the first extengiomhe importance of the care workload of each
type of care givers.

The computational results show that adopting tleegensions would deteriorate the quality
of the results i.e. feasibility percentage and mgam maxor meandistance However, the
distinction between the different types of profiedifferent types of care givers would allow
the improvement of the employees’ management daleetdact that it takes into account the
social and psychological impact of the differertfppes and separate the various types of care

givers. Consequently, these distinctions would maprthe satisfaction of care givers.
6. Conclusion and perspectives

In this chapter, we developed two models for thatrditing problem that can be applied to
HHC structures. We also proposed two extensionsthee models which consist in
distinguishing between patients’ profiles and safiag the various care givers’ specialties.
We finally provided some computational results blaga different instances generated
randomly which enabled us to evaluate the impadhefkey parameters on the workload

balance and compactness criteria.
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Since our numerical analysis is not based on aceesd study but aims at better understanding
the behaviour of the models we have developed, hasec to generate randomly several
parameters necessary for the models. In partictlarrandom variables we considered were
generated from a uniform distribution. The usehis tistribution was arbitrary, meaning that
other types of distributions could also be chosenthe numerical tests. An interesting
perspective to this chapter would be to consideerdistributions such as normal distribution
to generate these parameters and to see if thigsrémund in this chapter are still valid when
we change the distributions from which we geneita¢edata.

Among the possible research directions suggestedhbychapter, it might be worth
investigating the development of a heuristic solutapproach so as to be able to provide
good feasible partitionings for real size instaneéhin a reasonable computation time.
Another perspective to this chapter would be theegaization of the districting models so
that they capture dynamically the variation of @ats’ care needs, the changes of care givers’
number, etcfrom period to period. This is the objective of @tex 4.

Moreover, significant opportunities for future raseh exist at the boundaries of operations
management and human resource management withincahext of HHC districting
problem. One of them can be to integrate quantgameasures of behavioural parameters
such as learning, fatigue, burn out level, stress, in the districting models in order to
consider more realistic HHC operations. These patars can be used to adjust the care giver
speed or the quality of care delivered. Anothegrigsiting perspective concerns the integration
of parameters pertaining to the team structure ih® districting models. Indeed, the
districting approach may enable a better team n&magt which in turn may allow more
responsible, autonomous and motivated care givBrsveloping models where the
optimization criteria explicitly consider the immement of care givers’ motivation or work
satisfaction due to reinforced team managementtipesc represents another interesting
research perspective.

Overall, we must keep in mind that the objectivetlwt work is not to develop a total
automatic procedure but to propose a decision stgystem for the HHC managers who
would modify solutions obtained by the mathematioaldels based on their experience. This
interaction would probably conduct to more suitadm&utions according to the criteria that are
difficult to quantify such as the cooperation betwewo care givers’ teams, the preferences

of care givers in terms of basic units, etc.
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CHAPTER 4

TIME WINDOW OPTIMIZATION OF THE HOME CARE
SERVICESDISTRICTING PROBLEM

1. Introduction

In Chapter 3, we have proposed two models for tRE€ Hlistricting problem. Through these
models, the HHC managers can partition the teyritanere the HHC structure delivers care
into districts. We have assumed that the partitigns made once at the beginning of the
districting horizon based on data relative to tinst fperiod of this horizon. The partitioning
made at the first period does not change duringwthele horizon i.e. we keep the same
districting for all the following periods.

However, as presented in Chapter 2, HHC operatayasoften subject to variations and
therefore, data related to HHC operations can ahémgn period to period. We thus propose
an extension for models proposed in Chapter 3 tbasists in revising periodically the
districting in order to integrate the new infornoation demand related to the number of
patients who need care, the level of care requsedach patient, the changes in the number
of care givers, etc. It is important to note thas textension does not consider the stochastic
nature of the problem. It is a dynamic formulatiohthe districting problem where data
related to each period are assumed to be detetmimisd known when the districting is
solved. This principle of the integration of thedage of data is similar to the “rolling
horizon” concept used in production planning. Ththss extension takes into account, when
solving the districting problem, the variationspatients’ therapeutic projects over L periods
(L>1) rather than considering these variations owee period, as it was the case of the
models developed in Chapter 3.

After introducing the problem, we focus our attenton the time window districting problem
which consists in designing districts whose workllGae balanced over several periods of

operation. Furthermore, we also consider the mogedf the continuity of care constraint
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since this is a lever that enables to preserves#meice quality towards patients who can
receive care from the same care giver and thusaddhave to continuously change their
relationships with new ones.

This chapter is organized as follows. In Sectionnv2, propose different scenarios which
depend on the criteria pertaining to the continuity care and develop mathematical
formulations for modelling these scenarios. Resnlitsomputational experiments carried out
on randomly generated instances to validate thexkels are presented in Section 3. Finally,
Section 4 provides some concluding remarks andppetives that can be considered for

future research.

2. The Time-Window HHC Districting Problem Description

We consider the HHC districting problem over anizam of K periods, typically 6 to 12
months. Within this horizon, time is discretizedbiperiods of identical duration (typically 2

months). The districting problem is then solvedligreriods (<L <K ).

In the previous chapter, we have formulated the HtkIricting problem in a way that the
territory is partitioned once at the beginningloé districting horizon based on data relative to
the first period of this horizon (i.e. L=1). We @alassumed that the partitioning proposed at
the beginning of the first period is kept during thle districting horizon (i.e. K periods)
without integrating the changes in data relatethéo??, 39, ..., K" periods.

However, as we have underlined in Chapter 2, HHEraimpns are characterized by the
variability of patients’ existing in the system. i$hvariability can stem from the exit of
previous HHC patients due to the change of thairestes, the evolution of their profiles or
the arrival of new patients that would create addél workload. Moreover, data related to
patients’ profiles may change according to the @vmh of patients’ therapeutic projects
where the therapeutic project aims at “formalizalthe clinical, psychological and social
care necessary for the state of the patient”. Tiesapeutic project is revised periodically in
order to be adapted to the patient's needs. Thewlg Figure illustrates the different

variability sources for HHC operations.
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Figure 4-1: Variability sources of HHC operations management

An update of the data used to partition the tewyitoto districts is thus necessary due to the
fact that the parameters of the problem are dynalmipractice, this dynamic aspect can be
captured through forecasts of the workload (noPA@@curate) made over the horizon L. Let
Ziiv be any data associated with the basic unit i (il).during the period t (t=1...K) that is
forecasted at the beginning of period t' (t'=1...Kote that Z;» can correspond to:

* Eiir: the number of patients living in the basic un(it=l...N) that arrive in the HHC
system at the beginning of each period t (t=1...Kyetasted at the beginning of
period t' (t'=1...K).

* Sir: the number of patients living in the basic unifig1...N) that exit the HHC
system at the beginning of each period t (t=1...Kyetasted at the beginning of
period t' (t'=1...K).

* byr: the number of visits necessary to the patientsngueach period t (t=1...K),
forecasted at the beginning of period t’ (t'=1...K).

* T the duration of the visits necessary to the péiat the beginning of each period
t (t=1...K), forecasted at the beginning of perio@'t1...K).

Figure 4-2 illustrates the forecasting processughoan example for which K=5 and L=3
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Figure 4-2: Forecasting Data for K=5

Within the framework of this study, we assume that:
 The HHC structure is able to forecast preciselg. (forecast accuracy is equal to
100%) the data over an horizon of L periofis C < K). This means that;Z values
forecasted over an horizon of L periotis(L < K) are deterministic.
* Zr values forecasted do not change from a forecagtegppd to another. For

instance, &1=Zi 22 Zi31=Zi3=Zi 33, etc.
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Since the parameter t’ does not influence the vafube forecasted data, we thus simplify the
notations used in our models by removing the patante The parameters are thus noted as
Ziy.

Since the districting is optimized over an horiznK periods, the forecasted data are thus
related to these K periods which means that HHCagers do not need to forecast the data
beyond period K. Consequently; if t'+L<IK, the forecast that begins at period t'" would
concern the periods t’ to t'+L-1 i.e. L periodshetwise it would concern the periods t’ to K
i.e. (K-t'+1) periods. In other words, the forec#éisat begins at period t'" would concern all

periods t such thakt <min(t'+L -1, K .)Let consider the example used in Figure 4-2: the

forecasts that start at t'=1, t'=2 and t'=3 conc#ra data related to respectively periods 1, 2
and 3; periods 2, 3 and 4 and periods 3, 4 anché.fdrecast that begins at t'=4 pertains to
periods 4 and 5. The forecast that begins at terfains to period 5.

The model we develop in this chapter is an extensfdModel 1 proposed in Chapter 3 where
we solve the districting problem over L periods.eTépproach developed here can also be
used to extend Model 2.

The overall districting problem solution (over Krjpels) is obtained from the solutions of the
(elementary) districting problems solved over Lipas. For simplicity, we consider one type
of patient profile. Based on the forecasting harito(thus data available), three possibilities
for the HHC multi-period districting problem can bensidered namely: the period per period
optimization, the time-window optimization and tigobal optimization approaches (See
Figure 4-3).

Optimization horizon L

L=1 . L=K
Period per period 1<L<K Global
optimization Time window optimization
optimization

Figure 4-3: Different optimization possibilities depending oata available

In the first case (L=1), data available at the beijig of each period t is as follows:
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* E;: the number of patients living in the basic unfi=1...N) that arrive in the HHC
system at the beginning of period t, forecastedhat beginning of this period t
(t=1...K).

* S the number of patients living in the basic ur(itzil...N) that exit the HHC system
at the beginning of period t, forecasted at tharbegg of this period t (t=1...K).

* by the number of visits necessary to patients dutivg period t, forecasted at the
beginning of this period t (t=1...K).

» T the duration of the visits necessary to the padieluring the period t, forecasted at
the beginning of this period t (t=1...K).

Thus, the territory would be partitioned period period which means that the first districting
is made at the beginning of the first period baseddata pertaining to this period and is
applicable only during it. At the beginning of thecond period, the partition of the territory is
revised due to the update of problem parametersetnimg period 2. Then, a third partition is
made at the beginning of the third period and sartii the K" period. The decision variables
are denoted byjxwhere =1 if the basic unit i (i=1...N) is assigned to disttj (j=1...M)
during the period t (t=1...K) and O otherwise. Notatt Model 1 proposed in Chapter 3
corresponds to this type of optimization.

We illustrate this approach in Figure 4-4 whereamasider an example for which K=5 and
L=1. In this case, since the optimization is domerd_=1, the use of the parameter K is thus
necessary to define the districting problem scae When to stop the districting approach)
as well as to compare problems that may have difteralues of L.

Note that the performance of this approach is atatlithrough the sum of the solutions of

K
the elementary districting problems solved ovehgaeriod i.e.z gap_max, .
t=1
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Figure 4-4: lllustrative example for period per period optintina

The second type of optimization (1<L<K) corresportds the time-window districting
problem which consists in balancing the care wattlof the different districts over L

periods.
At the beginning of each period t’ (t'=1...(K-L+1)fhe available data are as follows:

* Ei: the number of patients living in the basic unfi=1...N) that arrive in the HHC

system at the beginning of each period'« ¢ < min(t'+L -1,K ), fprecasted at the

beginning of period t’ (t'=1...(K-L+1)).
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* S the number of patients living in the basic ur(it=il...N) that exit the HHC system
at the beginning of each periodttgt < min(t'+L -1,K ), jorecasted at the beginning
of period t’ (t'=1...(K-L+1)).

* Db: the number of visits necessary to the patientsindu each period t
(t'st<min(t'+L -1, K)), forecasted at the beginning of period t’ (t'=1K-I(+1)).

» T the duration of the visits necessary to the p&iat the beginning of each period t
('<st<min(t'+L -1, K)), forecasted at the beginning of period t' (t'=1K-I(+1)).

At the beginning of the first period, the data $alale is related to the L first periods. Based
on these data, we optimize the districting of thiegeeriods by minimizing the sum over t, t
varying between 1 and L, of the maximum deviatiérth@ care workload of each district
from the average care workload for each periotitt(< L ). The result that we keep from
this optimization procedure is the partitioningatele to period t=1 i.e. values ofyxand
gap_max. After that, at the beginning of the second perigd consider the data relative the
periods varying from 2 to (L+1) and we balance tbi&l care workload corresponding to
these periods. Based on this optimization procedile optimal districting related to the
second period i.e. values gbxand gap_maxare determined.

This approach is applied t* times where t* is equwa(K-L+1). This can be explained by the
fact that the districting of periods from t* to Ksults from the optimization of the total
workload balance that begins at period t* and ihditased on data related to periods t* to K.
This means that the results that we keep from ptienization procedure that begins at t* are
the partitioning relative to periods t* to K i.ealues of X, Xje+1)....Xjxk and gap_max
gap_max1, ...., gap_max. Indeed, the partitioning related to period (t*+dbtained
through the districting approach that begins aigde(t*+1) and based on data relative to
periods (t*+1) to K is the same as the one thatbesen obtained at period t* and based on
data relative to periods t* to K. This is relatedite fact that the data are deterministic and do
not change from period to another. The balancintheftotal care workload related to periods
(t*+1) to K are thus included in the balancing lbé ttotal care workload related to periods t*
to K and obtained at t*. The same reasoning isdviar the partitionings related to periods
(t*+2), (t*+3),...,K that are optimized in the distting procedure which begins at t* and is
based on data related to periods t* to K.

This time-window approach is illustrated in Figuré where we use an example for which
we consider that K=5 and L=3 which means that ik&idting of the territory would be made

over an horizon of K=5 periods while the data conitey the problem parameters are
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available over L=3 periods. As the forecast is eai®u for L=3 periods, the districting

problem will be optimized 3 times.
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Figure 4-5: lllustrative example for the time-window optimizati

Finally, the third possibility presented in Figudet corresponds to the global optimization
(L=K) where the territory is partitioned once a¢ theginning of the first period by taking into
account the demand of K periods which are all assuawvailable at the beginning of the
districting horizon. The data available at the hegig of the first period are thus the
following:
* Ei:: the number of patients living in the basic unfi=1...N) that arrive in the HHC
system at the beginning of each period t (t=1...Kyetasted at the beginning of

period 1.
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* S the number of patients living in the basic ur(it=l...N) that exit the HHC system
at the beginning of each period t (t=1...K), foreedsat the beginning of period 1.
* by the number of visits necessary to the patientsngueach period t (t=1...K),
forecasted at the beginning of period 1.
* T the duration of the visits necessary to the p&diat the beginning of each period t
(t=1...K), forecasted at the beginning of period 1.
Figure 4-6 represents an example for which we cenghat K=L=5.
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t=% £ =3 t=4 t=f t=f
Figure 4-6: lllustrative example for the global optimization

As we have explained before, the districting apphomay consider the continuity of care
constraints. In our models, the continuity of cewi## not be expressed at patient level but at
basic unit level where a basic unit represents ggregation of patients. Therefore, the
transposition of the continuity of care constramour model is twofold:

* We assume that the continuity of care is achieweddsigning each basic unit to the
same district all over the periods during the diitrg horizon K. Since each district is
assumed to be under the responsibility of a unicpre givers’ team, this constraint
ensures that the basic units assigned to a givemniadi(and thus patients living in
these basic units) are treated by the same teamtibgeK periods. Note that this
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formulation of the continuity of care constraintgkghtly different from the more
traditional definition of the continuity of care @ressed often at each patient level.

* The second component of the continuity of caresiated to the indivisibility of each
basic unit which means that each basic unit isgassi to one and only one district
over the K periods. This constraint ensures thatatients living in a same basic unit
are treated by the same care givers’ team.

Hence, based on these constraints considered fmagieeing the continuity of care, we
distinguish three scenarios that are presentedjuré4-7.

Agsignmert changes are
allowred bt limited
atd
diviability of basic wnits
12 not all ored
Aszagnment chahges ate
not allowed Scenario B
atucd
Divisibility of basicwadts
15 not allowed Asd g ent charnges are
oot allowred
] atud
Scenario A diviability of basic units
1z allowred but limited
Scenario C

\LTDtal continity of care } \Paﬂial contitity of t:aru

Figure 4-7: Continuity of care scenarios

Indeed, Scenario A corresponds to the case of totdinuity of care where both constraints
mentioned above are respected which means thdtrshessignments of the basic units to
districts that result from the partitioning oveetfirst L periods (i.e. optimization 1) are kept
constant in the following elementary optimizatiomsdditionally, in each elementary L

periods’ optimization, all basic units must be gesid to one and only one district during each

period. This is reported as “assignment changesareallowed” and “divisibility of basic
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units is not allowed” on Scenario A of Figure 4Nate that the model developed in Chapter 3
corresponds to this scenario (with L=1).

However, these two constraints could conduct towtbesening of the objective function and
thus to an important imbalance of care workloadveen the districts over the forecasting
horizon K.

As the main objective of the districting approasha design districts balanced as much as
possible, it is necessary to improve the workloathtice over the time-window. We thus
consider the relaxation, within the context of Suém B, of the total continuity of care
constraint by allowing changes in the assignmehtsasic units to districts from period to
period. However, HHC managers may want to limitttital number of assignments’ changes
from one period to another, which is ensured bynid®f an upper bound for the number of
assignment changes. The relaxation of this critel&@ads to a better workload equilibrium
and would guarantee a partial continuity of care.

As the total continuity of care (i.e. Scenario Agcadepends on the indivisibility of the basic
units over all periods, it is possible to improves tworkload balance of Scenario A by
allowing, within the context of Scenario C, the ibagnits’ division into different districts
while limiting the number of districts into whichaeh basic unit can be divided. As in
Scenario B, the number of districts into which ebeBic unit can be divided is restricted by
an upper bound predetermined by the HHC manager.c&velimit the percentage of the
workload of each basic unit assigned to a disttiaing each period by an upper bound in
order to strengthen the workload balance criteria.

Note that it is also possible to relax both contyhwf care sub-criteria by allowing
simultaneously the assignments’ changes (and higithe total number of changes) and the
divisibility of basic units (and limiting the numbef districts into which each basic unit can
be divided). This would improve the workload bakameore than Scenario B and Scenario C
but would affect the continuity of care criterion.

In the following sub-sections, we present the déifi¢ models associated with the 3 scenarios
described above. These models are based on thealédiom of Model 1 developed in Chapter
3. Since the period per period optimization (L=l ahe global optimization (L=K) represent
special cases of the time-window optimization apphy we present in this chapter the
formulations relative to this latter case i.e. 1KL.<This time-window HHC districting is
based on the update of workload data with a priaayp rolling horizon approach (i.e. update
the number of patients that need care and the mdeasnof the care delivery process that may

change from period to period) coupled with the gagge of the continuity of care which is
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related to the assignments of these basic untisstdcts and/or the indivisibility of the basic

units.
2.1 Assumptions

In the models we have developed, we would assuntieout loss of generality, that:

A.1l. A basic unit is an aggregation of patientsnigvin the same location. Typically, a basic
unit can be a zip code area, postal area, geo-andiess, etc.

A.2. A distance that separates two patients livimthe same basic unit is negligible.

A.3. The districting problem is considered forraei horizon composed of K periods.

A.4. The districting problem is solved over a timendow composed of L periods
(l=L<K).

A.5. The patients considered in this study suffenfthe same pathology.

A.6. The patients considered in this study havestimae profile.

A.7. This profile can be of type I, Il or Il withespect to workload. Letvbe the care
workload of basic unit i (i=1...N) during the periodt (t=1...K).

v, =RbT, O i=1L.N O t=1.K, where R, by and | correspond respectively to the

total number of patients living in the basic unii#1...N), number of visits and average
duration of a visit required by patients during gegiod t (t=1...K).
A profile is of type | if and only if the care wddad of each basic unit during each period

cannot be equal to zero i.evjifZ0 0O F 1.N O = 1.K. Type Il represents the

profiles whose workload can be equal to zero at@amod t (t=...K). However, if the care
workload of a basic unit i is not null during a jper t, it cannot be null during all the

succeeding periods until the K period i.e. if v, 20
thenv,. 20 O F 1.N 0O s 1.KO =t'+¢ 1).K.

Indeed, both profile types | and Il correspond tofifes characterized by a long duration of
stay within the HHC system. In other words, pasetfiat are admitted in the HHC system
during period t (t=1...K) would be treated for #ile succeeding periods until t=K. These
profiles generally correspond to continuous caee (Shapter 2) such as breathing assistance
that are delivered for an undetermined duratioorder to maintain current functioning levels
to patients. The difference between them is thpe ty represents the case where, at the
beginning of period t=1, there are already pati¢rgng these profiles in all the basic units

covered by the HHC system. On the contrary, prdfifee Il corresponds to the profiles that
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do not exist in all the basic units at t=1.

Finally, a profile is of type Il if there is no s&iction on y. This type of profile corresponds
to the punctual care such as chemotherapy, artidnapy which are intended for patients
having not stabilized pathologies and treated fiquls determined beforehand. Care can be
reiterated frequently.

Indeed, we need to distinguish between the diftetgres of profiles in order to be able to
model the criterion related to the change of th&doanits’ assignments to districts.

A.8. The number and average duration of visits tietracterize the patient profile are the
same among the patients and known with 100% ofracgwover L periods.

A.9. The number of patients admitted to the HHQgtrre (at each basic unit) is known with
100% of accuracy over L periods

A.10. The number of patients leaving the HHC stitet(at each basic unit) is known with
100% of accuracy over L periods

A.11. All the basic units are covered which medmat @all patients admitted to the HHC
structure during each period have to be assignadiistrict.

A.12. Human resources delivering care to patiendsod the same type, namely the nurses,
among all the basic units.

A.13. There is an enough number of nurses availdbseh nurse has a predetermined
capacity (i.e. he/she can handle a certain voluimearkload). This capacity is identical
between the different nurses.

A.14. Each district is under the responsibilityaafinique care givers’ team.

A.15. The number of districts to design is predeiaed by the HHC managers.

A.16.The speed pertaining to the travel betweenl@asic units is considered as deterministic.
A.17. The distance metric used is the network distesince it reflects the real time spent by a

nurse between the basic units.

2.2 Criteria considered

We consider the following criteria for the HHC disting problem:
* The compactness is formulated as a hard constbgifimiting the maximum distance
between two basic units that would be assignedasame district.
* The workload balance is essential for the desigfgobd” districts. It consists in having

almost the same workload in the different districts
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» The continuity of care is crucial for guaranteeangood time-window districting process.
As we have explained before, the continuity of carestraint is modeled by the indivisibility
of the basic units and the fact that changes iraisggnments of these basic units to districts
are not allowed. Based on these two criteria, 3ates have been distinguished before (c.f.
Figure 4-7) namely:

- The basic units must be assigned to the sameatiisfrom period to period over the
districting horizon, i.e. K periods, and the basnits must be assigned to one and only
one district during each period. This case corredpdo Scenario A

- The basic units must be assigned to one and omdydatrict during each period while
the assignments of these basic units to distrietg amange from period to period but
the number of changes should be limited. This numien be calculated by
introducing a decision variabtshg; and adding a hard constraint that limits the total
number of changes over all the basic units by greupound Chgduring each period
t. This case corresponds to Scenario B.

- The basic units must be assigned to the sameatisfrom period to period over the
districting horizon while these basic units candbeded between a limited number of
districts during each period. We thus need to maga decision variablg; that
counts the number of district over which each basiit i's workload is split during
each period t (t=1...K). These numbers must be lass ta parameter $Rhat
corresponds to the maximum number of districts imtbich each basic unit’s
workload can be divided. This case correspondsém&io C.

* For simplicity, the compatibility criterion presexdt in Chapter 3 (related to the
accessibility of the basic units and conformitytiod districts to the administrative boundaries)

is not considered in the models.

As explained earlier, the human aspect is a mdparacteristic of HHC services. In our
models, the human aspect related to the satisfacifocare givers is captured via the
workload balancing criteria. Other factors suchhasmotivation and learning aspects that can
be associated with the structure of care givenfiseare not explicitly integrated to our model.
The human aspect related to the satisfaction oémiatis captured via the continuity of care
constraint which ensures that the patient recenee® from the same care givers team

responsible of the district which the patient bg®io.
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2.3 Decision variables

We define the following decision variables:

* Xj: binary assignment decision variableg=1 if the basic unit i (i=1...N) is assigned to
district j (j=1...M) during the period t (t=1...K) dn0 otherwise. This variable is used in
Scenario A and Scenario B.

* X'ji: assignment decision variablesO<x’, <1) x'ji refers to the proportion (i.e.
percentage of patients living in basic unit i) bé tbasic unit i (i=1...N) assigned to district |
(j=1...M) during the period t (t=1...K). This variabis used in Scenario C.

* ;i division decision variableg;;=1 if a proportion of the basic unit i (i=1...N)assigned
to district j (j=1...M) during the period t (t=1...K9nd O otherwise. This variable is used in
Scenario C.

» Wwj: total care workload of district j (j=1...M) duringetperiod t (t=1...K).

* gap_max the maximum deviation (expressed as a percentageebn the care workload
associated to each district and the average candoad among all districts during the period
t (t=1...K).

» chgj:: change decision variableshg;=1 if the assignment of the basic unit i (i=1...N) to
district j (j=1...M) changes between period (t-1) grediod t (t=2...K) and O otherwise. This

variable is used in Scenario B.

2.4 Parameters

We use the following notations for the parametéith® models:
* N: number of basic units.
e M: number of districts to design.
» K: time horizon of the districting approach.
* L:time horizon during which forecasts are assut@@Pbo accurate.
» a: period at which each time-window districting Iplem is optimized{<a<t }.
* b: number of visits required by patients during pleeiod t (t=1...K).
* Ty average duration of a visit required by patiehtgng the period t (t=1...K).
* Ei: number of patients living in the basic unit i {i=.N) that arrive in the HHC

system at the beginning of the period t (t=1...K).
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* Si: number of patients living in the basic unit i1i=.N) that exit the HHC system at
the beginning of the period t (t=1...K).

* Py total number of patients living in the basic uniti=1...N) during the period t
(t=1...K).

* Vi care workload of basic uniti (i=1...N) during tperiod t (t=1...K).

. Wt: average care workload among all districts dutivgperiod t (t=1...K).

* Chg: maximum number of total assignments’ changesvaitbover all the basic units
during each period t (t=2...K) (used in Scenario B).

* SR: maximum number of districts into which each basigt's workload can be
divided during each period t (t=1...K) (used in Scen&).

» di: distance between the basic unitsi (i=1...N) arf=....N).

* dmax Mmaximum distance allowed between two basic uhig can be assigned to the

same district.

D: set of basic units’ pairs (i, k) wherig k) LID if and only if gk>dmax

2.5Formulations of the scenarios

As explained before, three scenarios can be mabldiesed on managers’ preferences
concerning the two criteria related to the contywaf care. In the models developed, we
assume that:

 There are no patients exiting the HHC system atlibginning of the districting

horizon, i.e. during period t=1, which means t&gt=0 0O i=1..N (1)

* As there are no patients that exit the HHC systemingd the first period, the total
number of patients living in each basic unit i dgrithe first period is equal to the
number of patients living in the basic unit i tlzative in the HHC system during the
period lie.P,=E, O i=1..N (2

* The total number of patients living in the basidtunthat are in the HHC system
during each period t corresponds to the total nurobpatients living in the basic unit
i that are in the HHC system during the period)(td which are added the new
patients living in the basic unit i that are adedttin the HHC system during the

period t and to which are removed the patientsi¢vin the basic unit i that exit the
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HHC system during the period t. This corresponds : to
P.=Pey+tE-S, 0O i=1L.N 0O t=2.K 3)(
* The care workload of each basic unit i during eaehod t is equal to the product of
the total number of patients into the number oitsvieequired and the average duration
of thesevisitsi.ev, =P,gT, O i=1L.N O t=1.K 4)
The mathematical formulations of the scenariospaesented below. Remember that these
formulations are relative to the time-window optmation since the period per period
optimization (L=1) and the global optimization (L¥Kepresent special cases of the time-

window optimization {< L < K).

2.5.1 Scenario A

Scenario Acorresponds to the case where the main objectitieeoiHC managers would be
to design well balanced districts according to ¢hee workload while guaranteeing the total
continuity of care over the optimization horizonHis latter can be guaranteed by forbidden
changes in basic units-districts assignments frenog to period and the divisibility of the
basic units over all periods. Figure 4-8 illustgaterough the same example used before the

time-window optimization approach within the corttekscenario A.
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Figure 4-8: lllustrative case for Scenario A

In this Scenario, the partition related to thetfperiod results from the minimization of the
workload imbalance over the first L periods (thatrts at a=1). After that, the partition related
to each period t (t=2...K) is based on the constrdnat the assignment of the basic units to
the districts can not change from period to peri@dnsequently, we deduce that within
Scenario A there is only one districting problenived which corresponds to the first time-
window optimization that concerns periods 1 to lenide, the assignments of the basic units
to districts are kept the same during all the K iquoe
e, =x; Oi=1l.N =1.M 0Ot=2.K. Similarly, within Scenario A, gap_max
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is the unique workload balance that is optimizdte bther gap_maxt=2...K) are not
optimized but deduced from the values ®f and thus from the values ok

wherex;, =x;, Oi=1L.N [0=1.M [0t=2.K. The formulation of scenario A is as

follows:
L+a-1
Minimize " gap_max ®)
t=a
s.to
N
we =Y v 0j=1.M Ot=a.(+a-]) (6)
i=1

W‘:FKA Ot=a..(L+a-1) (7)
W~ W . _ _
gap_max = —— Oj=1.M 0Ot=a..(L+a-1 (8)
t
Wt_th . _
gap_max = ——— Oj=1.M 0Ot=a.(L+a-1 9
W,
M
x, =1 Oi=1L.N Ot=a.(+a-]) (10)
j=1
X, +X, <1 O(G,kOD Oj=1.M Ot=a.(L+a-1) (11)
if ad[2.¢*-1)] x,=x 0i0Q O=1M 000, >
if a=t* x,=x, 00Q O=1LM Ot=(t*.K) 000, (12)
x, 0{0} Oi=1.N 0j=1.M Ot=a.(L+a-1) 13

The objective function (5) together with constrgi@) and (9) guarantee the balance of the
total care workload between the different distrisgsminimizing the sum over L periods of
the maximum deviation of the care workload from theerage care workload among all
districts during each period. Constraints (6) anddefine respectively the care workload of
each district and the average care workload ambwiistricts during each period. Constraints
(10) and (13) assume that each basic unit is asgigmone and only one district during each
period. The compactness is related to constraint {itiere the distance between two basic

units assigned to the same district is boundedhbydistance ghx Finally, Constraint (12)
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asserts that during each period, all the basicsuniist be assigned to the district to which
they were assigned during the previous periods.
In this Scenario, the partition related to thetfperiod results from the minimization of the
workload imbalance over the first L periods (thtrts at a=1). If a=1, Constraint (12) is
relaxed. The partition related to the second petivat is related to the time-window
optimization which starts at a=2 results from thetfthat the assignment of the basic units to
the districts can not change from period to periddnce, during the second period, each
basic unit is assigned to the same district to litiavas assigned during the first period i.e.
X, =%X;; 0i=L.N [0j=1.M. This is the case for each period t such that t=a
and2<a<t*-1 This means that &[2...t* — 1)]the partition pertaining to period t=a
(Ot D[Z...(t* —1)]) must be exactly equal to the one obtained for I=2, ..., I=a-1.
As the partitioning that corresponds to each t sthet t* <t < Kis obtained through the
time-window optimization that starts at a=t*, trect that the assignments of basic units to
districts can not change from period to period niestespected for each periodt<t < K
(which means thatx;; = X;,,X;, = X;sandx;s =x;, Ji =1L.N [0j=1.Min Figure 4-8).
Consequently, if a=t*, the latter condition mustrbspected for ea¢hl[t *..K . ]
Additionally, constraint (11) is applied during &aperiod t to the basic unit i for which
v, # 0 such that there is at least one period | (I<tpibichv, # 0. We thus define:

* O set of periods | (=1... (t-1)) where UD; if and only if

v, 20 Oi=1.N [Ot=1.K.

* Q setof basic units i (i=1...N) wherel@; ifand only ifv, Z20 [t =1.K.

Indeed, this can be explained by the fact thdtefworkload of a basic unit i during a period t
is equal to zero, the assignment of this basic tand district is fictive. It is then useless to
force this basic unit to be assigned to the distaavhich it was assigned during the previous
periods. Additionally, if, =0, the assignment of the basic unit i during theqgkr s fictive;
consequently, the assignment of this basic unitring) the period t must not be the same as

the one obtained during the previous periods ).(I<t
2.5.2 Scenario B

This scenario corresponds to the relaxation ofdked tontinuity of care by allowing changes
in the assignments of basic units to districts elguaranteeing that the total number of
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assignments’ changes does not exceed a predefpeer bbound. In our formulation, we
choose to limit the total number of changes ovértted basic units during each period.
Scenario B is illustrated in Figure 4-9.
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Figure 4-9: lllustrative case for Scenario B

Scenario B can thus be formulated as follows:

L+a-1
Minimize )  gap_max

t=a

S.to

N
w,=>Vvx, 0 =1M Ot=a.(+a-1)
i=1
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(15)



w, = i:Il\/I Ot=a..(L+a-1) (16)
th_wt .
gap_max = —— Oj=1.M 0Ot=a.(L+a-1 a7
W,
Wt_th . _
gap_max = —— Oj=1.M 0Ot=a.(L+a-1 (18)
t
X, +Xe <1 O(G,kOD Oj=1.M Ot=a.(L+a-1) (19)
M
X, =1 Oi=1L.N [Ot=a.(L+a-]) (20)
=1
if ad[2..t*-1)] chg, 2x, -x, 0i0Q, 0j=1.M 00O, 21
if a=t* chg, 2x, -x, 0i0Q Lj=1.M Ot=t*.K 000, D)
N M
if aO[2.¢*-] > ) chg, <Chg,
- i=1 j=1 (22)
if a=t* > >chg, <Chg Ot=a.K
i=1 j=1
x, 0{04 Oi=1.N 0j=1.M COt=a.(+a-1) (23)
chg, 0{0,4 0= 1.NO=j 1.MI=t at.- a 1 (24)

In this scenario, the analysis of the objectivection (14) as well as constraints (15), (16),
(17), (18), (19) and (23) is the same as for theehof Scenario A. Constraints (21) and (24)
define the change decision variables. Indeed, wsider that a change has occurred and thus
must be counted, if and only if the basic unit=1(i..N) that was assigned to district |
(=1...M) during the period (t-1) (t=2...K) is no moessigned to it during the period t
(t=2...K) which means thathg;; must be equal to 1 if and onlyxf1)=1 andx;;=0. Similarly

to constraint (11) of Scenario A, if a=1, constt4Rll) is relaxed. If a=2...(t*-1), it is applied
only to t=a. Finally, if a=t*, it must be respectéor each t {* <t < K). Furthermore,

constraint (21) concerns only the basic units 1 (iZN) for which v, # 0during the period t
(t=1...K) such that there is at least one perio&t) (for whichv, # 0. Finally, constraint (22)

is related to the limitation of the assignment#tetion where the number of changes of basic
units’ assignments to districts is bounded by “Clgring each period t (=2...K). This upper
bound guarantees the partial continuity of carandueach period t (t=2...K). Note that the
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conditions concerning the values of the parameteragpply constraint (22) are the same that

the ones related to constraint (21).

2.5.3 Scenario C

Within the context of Scenario C, it is possiblartgprove the workload balance of Scenario
A by relaxing the constraint related to the indivigy of the basic units. Similarly to
Scenario A, since the partition related to eacloper(t=2...K) is based on the constraint that
the assignment of the basic units to the distdats not change from period to period, there is
only one districting problem solved which corresg®mo the first time-window optimization
that concerns periods 1 to L. This scenario istiiisd in Figure 4-10.
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Figure 4-10: lllustrative case for Scenario C

As in Scenario B, the number of districts into whe&ach basic unit can be divided is limited
by an upper bound predetermined by the HHC manadks. then replace the binary
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assignment decision variablgg by another assignment decision variabtgs which is not
binary but 0Osx; <1 [=1.N 0=1.M [=1.K. We also integrate another decision
variabley; that gives the number of divisions of each baaitiui=1...N) during the period t
(t=1...K). These decision variables must respect afdit constraints. To summarize, the

formulation of scenario C is as follows:

L+a-1

Minimize " gap_max (25)
t=a
s.to
N
w, =Y vx, O=1.M Ot=a.(L+a-1) (26)
i=1
N
2
w, = '=|1v| Ot=a..(L+a-1) (27)
th_wt .
gap_max = ——— Oj=1.M 0Ot=a.(L+a-1 (28)
W,
Wt_th . _
gap_max = ——— Oj=1.M 0Ot=a.(L+a-1 (29)
W
M
Y Xy =1 Oi=L.N [Ot=a.(L+a-1) (30)
=1
y.2x;, Oi=1L.N 0=1.M Ot=1.(+a-) (31)
Vi Y <1 0G,K)OD Oj=1.M Ot=a.(L+a-1) 32j
M
>y, <SR Oi=1.N 0=1.M Ot=1.(+a-1) 133
j=1
if a0[2..¢*-)] x,=x;, 00Q O=1M 00O, o
if a=t* x,=x, 0i0Q 0O=1M Ot=t*.K 00O, (34)
y, 0{0} Oi=1.N Oj=1.M Ot=a.(L+a-1) (35)
0<x, <1 Oi=1.N 0j=1.M Ot=a.(L+a-1) (36)

The analysis of the objective function (25) as wvasliconstraints (26), (27), (28), (29) and (34)
is the same as for the model of Scenario A. Coimst{80), together with constraints (36)
assume that during each period, 100% of each basi¢and thus all patients living in these
basic units) must be assigned to a district. Caimgt(31) is related to the division decision
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variables. Indeed, ik, # thenyj which is a binary variable will consequently beiaito 1.

M
In other WOI‘dS,z y; will be equal to the number of districts for whiatpercentage of the
j=1

patients living in the basic unit i (i=1...N) are @ged during period t (t=1...K). Constraint
(32) is equivalent to constraint (10) of Scenarica’d is thus related to the compactness
criterion. Finally, constraints (33) and (35) astated to the basic units’ division criterion

where each basic unit must be assigned at mo&Rbdistricts during each period.
3. Computational results

In this section, we discuss results of some contjputa experiments carried out to evaluate
the scenarios’ formulations proposed in Sectiomt&se experiments are also set up to show
the influence of the optimization horizon L on tthstricting performance so that the period
per period, time-window and global optimizations & compared.

3.1Problem instance generation

We create several sets of randomly generated icetsdvased on the following procedure. For
each set, we begin by fixing the values of the lenmbdimension which is related to the
number of basic units N, the number of districtaMl the number of periods K. We choose
to partition N=20 basic units into M=4 districts rthg K=5 periods. In addition, the
maximum distance between two basic units that eaasisigned to the same distrigt,ds the
same for all instances and is equal tg®&150.

After that, for one instance, we generate randdhdyother problem parameters namely:

- The forecasting horizon L can take different valués 0{1,2,3,4,5).

» The distance matrix@y) is generated as follows:
- For each basic unit i, we randomly generate anisgms and an ordinate jfrom
a uniform distribution DU (0, 200).

- For each pair of basic units i and k, the distahcés then calculated according to

the formulad, =./(X; = X, )2+ (Y, Y, )?
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» The number of visitsiband the average duration of the visitsdiiring the period t
(t=1...K), are generated randomly from discrete unifaistributions respectively DU
(0, 2) and DU (0, 5).
* The number of patients;Riving in the basic unit i during the period t {t=.K) are
generated as follows:
- For each period t (t=1...K), we randomly generateaa@rage number of patients

— _ N
per period R where B :ZPit Ot 1...K from a normal distribution DN (250,

i=1
100).
- For each period t (t=1...K), the number of patientssFrandomly generated from
a normal distribution DNE, g,) such that% =0.3.
t
If a solution (optimal or simply feasible) could bmbtained within 120 minutes of
computation, the problem is considered as feadibethis instance. For each possible
combination of parameters N, M, Knpgand L, 10 instances are generated randomly. We
solve the problem for each instance where we et@alaaperformance measure denoted
gap_max_totalvhich aims at evaluating the total workload bakassociated with a problem
K
and is defined agap_max_total :Zgap_maxt . We then evaluate the mean
t=1
gap_max_totabver the 10 instances considered.
All tests were run on a Pentium 4 (3 Ghz) with 2 @d&RAM, running under Windows XP.
We used the default settings of CPLEX MILP (CPLEX1)1solver. The computational
results obtained with the three formulations aspldiyed in the following sub-sections.
Note that the problem is feasible for all instangeserated in this chapter which means that a

feasible solution can be found for all instancesre? hours of computation.
3.2Influence of the forecasting horizon

We carried out some numerical tests to evaluatentfheence of the forecasting horizon on
the districting performance. More precisely, weltdastances with:

» Period per period optimization: the data are fosexhperiod per period i.e. L=1.

* Time-window optimization: the data are forecastedrdvperiods where 1<L<K.

» Global optimization: the data are forecasted okerentire districting horizon L=K.
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3.2.1 Influence of the forecasting horizon on Scenario A

We intend to study the impact of the optimizatiooribon on the meamap_max_total
obtained within the context of Scenario A for diffiet values of L (Li{1, 2, 3, 4, 5}). For
each value of L, we generate randomly 10 instaasesxplained before. Table 4-1 which
displays the meagap_max_totalalues shows that the results obtained with Scemafor
L=1, L=2, to L=K-1 are equal i.e. meagap_max_total(L=1)= meangap_max_total
(L=2)=...= meargap_max_tota(L=K-1).
As we have explained before, within Scenario Arahie only one optimization problem that
corresponds to the first time-window districtingoblem concerning periods 1 to L. The main
objective consists then in minimizi@ gap_max, which allows the determination of the
t=1
optimal values of . Based on the formulation of Scenario A, it isacléhat for each L such
thatl< L < K, the decision variables;xrespect exactly the same constraints. We thusrobta
the same results concerning the partitioning ofiodert=1 i.e. gap_max and x;.
Consequently, for each L such thatL < K, we obtain the same partitionings pertaining to
all periods t (t=1...K). This is not the case when aceasider the global optimization within
Scenario A. Indeed, an additional constraint ianstraint (12) must be respected (L=5 and
a=1=t*), the results obtained are thus differeatrfrthe results pertaining to L<K.

Table 4-1: Meangap_max_totabf scenario A
L 1 2 3 4 5
mean(gap_max_total) 92,478% | 92,478% | 92,478%| 92,478%  33,279%%

We can deduce from these results that, as expettiedglobal optimization allows the
improvement of the workload balance within the eantof total continuity of care. Indeed,
the global optimization reduces the memp_max_totaby 64,015% compared to the period

per period optimization (and the time-window optiation).

3.2.2 Influence of the forecasting horizon on Scenario B

We consider different values of the optimizatiorribon L (L={1, 2, 3, 4, 5}) and of the
upper bound of the total number of changes ovdhalbasic units for each period t (t=2...K)
Chg (Chgl{0, 2, 4, 10, 20}) such that:
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Chg, =Chg, =..Chg, =Chg, =Chg

For each combination (Chg, L), we randomly genet&enstances. The results presented in

Table 4-2 prove that:

t=2.K

» For a given Chg, meayap_max_totatlecreases when L increases.

* For agiven L, the higher is Chg, the lower is mgap_max_total

Table 4-2: Meangap_max_totabf scenario B

L 1 2 3 4 5

Chg [0 [92,478%92,478% | 92,478%| 92,478% 33,279%
2 |24,787%|24,249% | 21,681%| 19,195% 14,729%
4 111,355%|10,493% | 9,699% | 8,629% | 8,019%
10 14,436% | 4,436% | 4,063% | 3,013%| 2,761%
20 3,074% | 3,074% | 2,850% | 2,651%| 2,663%

3.2.3 Influence of the forecasting horizon on Scenario C

We randomly generate sets of 10 instances for paci{SP, L) such that:
SR=SB=.SP=SR =SP 0Ot=1.K

As can been seen from Table 4-3, using the fornomatf Scenario C does not conduct to the
same conclusion obtained for scenarios A and Bel#o the forecasting horizon on the
districting performance. Indeed, we cannot dedbeg for a given SP, meajap_max_total
decreases when L increases. However, results ebtashow that for a given SP, the
maximum meangap_max_totalover L is obtained for L=1 while the minimum mean
gap_max_totabver L is obtained for L=5.

This can be explained by the fact that if SP>2tlal basic units divided between several
districts will not be assigned to SP districts twuSP’<=SP districts. In order to illustrate this,
we display in Table 4-4, the percentage of the bansits that are divided into 2, 3 or 4
districts for a given SP and a given L relatedrnstance 1. For example, if SP=4, for the
values of L, no basic unit has been divided inthsdricts. Moreover, the assignments of basic
units to districts do not change from period toigmwhich explains the fact that it is not
possible to guarantee with this formulation thatdogiven SP, the higher is L, the better is

gap_max_total
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Table 4-3: Meangap_max_totabf scenario C

SP

L 1 2 3 4 5

SP |1 92,478% | 92,478% | 92,4789 92,478% 33,279

2 84,104% | 73,107% | 70,056% 80,378% 14,548

3 81,443% | 74,372% | 76,060% 79,858%  14,408P0

4 73,950% | 81,415% | 85,6499 72,534% 14,402M%

min(2,3,4)| 73,950% | 73,107% | 70,056% 72,534% 14,402
Table 4-4:Divisibility of the basic units for instance 1

1 2 3 4 5
15% divided |15% divided 15% divided 15% divided |55% divided

into 2 districts

into 2 districts

into 2 districts

into 2 districts

into 2 districts

15% divided
into 2 districts

15% divided
into 2 districts

15% divided
into 2 districts

15% divided
into 2 districts

45% divided
into 2 districts
5% divided
into 3 districts

15% divided
into 2 districts

10% divided
into 2 districts
5% divided
into 3districts

15% divided
into 2 districts

15% divided
into 2 districts

45% divided
into 2 districts
5% divided
into 3 districts

3.3Comparison of Scenarios A, Band C

The purpose of this section is to compare the pedoce of the three scenarios within the

time-window optimization.
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Figure 4-11 Comparison of Scenarios A, B and C

As shown in Figure 4-11, the case of referenchascase where the total continuity of care is

respected, i.e. Scenario A, over a time-window gderiods, i.e. time-window optimization.

As explained before, the respect of total continait care criteria generates an important

workload imbalance which can be reduced in thregswa

Optimizing the workload balance through the endiigricting horizon which means
that the total continuity of care is respected, Seenario A, over K periods. This
global optimization requires the forecasting of ttata over K periods. If the
forecasting can not be achieved through K periatd$s possible to improve the
workload balance by :

Optimizing the workload through the forecasting ibom L while relaxing the
constraint related to assignments’ changes, ndtitig the number of changes of the
assignments of basic units to districts from petimgberiod. This corresponds to the
case of Scenario B within the context of a timedww optimization.

Optimizing the workload through the forecasting ibom L while relaxing the
constraint related to indivisibility of basic unitse. limiting the number of districts
into which each basic unit can be divided. This e&gponds to the case of Scenario C

within the context of a time-window optimization.

Based on Tables 4-1, 4-2 and 4-3, we can deduce that
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* ForagivenL <L <K )and a given Chg f{€Chg<20), the meamap_max_totabf

scenario B is smaller than megap _max_totabf scenario A.

* For a given L, as long as the value of Chg increaghe difference between mean
gap_max_totabf Scenario A and meagap_max_totabf Scenario B increases.

« Foragiven L {<L=<K ) agiven Chg (8Chgs20) and a given SP {3P<4), the
meangap_max_totabf scenario B is smaller than megap_max_totabf scenario C.

* For a given L and a given SP<@P<4), as long as the value of Chg increases, the
difference between meagap_max_totabf Scenario C and meayap_max_totabf
Scenario B increases.

* Foragiven L {<L<K pnd a given SP £5P<4), scenario C gives better results

than scenario A i.e. the meaap_max_totalof Scenario A is bigger than mean
gap_max_totabf Scenario C.

* For a given Chg €@Chg<20) and a given LI< L < K )the meargap_max_totabf

scenario B within the context of the period-perigperoptimization or the time-

window optimization {< L < K )s smaller than the meayap_max_totabf scenario

A within the context of the global optimization.

Thus, results from Tables 4-1, 4-2 and 4-3 confirat thhen we adopt the period-per-period
or the time-windows optimization within the conteftScenario B, even with two changes in
the basic units’ assignments to districts per pk(ib0% of the total number of the basic
units), it is possible to improve the workload Imai@a more than adopting the global
optimization (L=K) within the context of Scenaria A

Consequently, we can deduce that the improvementhef performance of the model
developed in Chapter 3 which corresponds to thpesof the total continuity of care
constraints, i.e. Scenario A, within the context pariod-per-period optimization can be
achieved in two ways: either by optimizing the ksing problem globally by forecasting the
data over the whole districting horizon, i.e. L=0¢,by relaxing one of the two total continuity
of care constraints. On one hand, the first capern#s on the ability of the HHC managers to
forecast accurately the data over K periods whschat always possible. On the other hand,
the second case does no more guarantee the tot@hugty of care and generates thus the
reduction of the service quality level. Howevelistbase allows the improvement of the total
workload balance more than the respect of the tbakinuity of care within the global

optimization context.
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To conclude, we can assume that for the case oinltances generated below, it is more
efficient to relax the constraint related to thamtpes of the assignments of the basic units to
districts while optimizing the districting approadver the largest possible time-window

based on data forecasting.

4 Conclusion and perspectives

In this chapter, we focused on the time-window H#i§tricting problem that we applied to
Model 1 of Chapter 3 and distinguished three seesdor which we proposed mathematical
formulations. These scenarios differ according ® HiHC managers’ preferences related to
the continuity of care sub-criteria. We also préséra numerical analysis based on randomly
generated instances. The computational results shdvee the workload balance gets better
when the forecasting horizon increases. Consequebthised on data forecasted, the
districting approach should be applied over thegdat possible time-window. These
computational experiments also indicated that tloeklsad imbalance that is related to the
respect of the total continuity of care constraicés be alleviated at best by allowing to
change some assignments of basic units to disfrats period to period while limiting the
maximum number of these changes during each period.

In our ongoing research, it would be worth invedtiigg to apply the time-window approach
to the second formulation (Model 2) proposed in iiea3 where the workload balance is
considered as a hard constraint to respect.

Moreover, since we assumed that the data relatettheadifferent periods are known in
advance and deterministic, it would be interestimgconsider the stochastic aspect of the

problem that allows the integration of the dataastainty.
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GENERAL CONCLUSION AND PERSPECTIVES

Due to the economic constraints as well as the deapbic, technological and therapeutic
evolutions, different types of alternatives to theditional hospitalization have been created
among which the Home Health Care (HHC). This altievechas been created sixty years ago
in order to solve the problem of hospitals’ capas#turation by providing to the patients, at
their home, complex and coordinated medical andmpadical care for a limited period which
can be extended depending on patients’ needs.

In this thesis, we carried out a qualitative stwdhere we identified the different complexity
factors that operations management has to face ittpnwthe HHC structures. We also
reviewed the operations management based modelsloped within this context and
highlighted the main research opportunities. Attesit, we developed a quantitative study
where we considered one of the many operations geamant problems within the HHC
context. This problem has been earlier studied enliterature for different applications. We
thus proposed a classification of the criteria uedhe districting problem. In addition, we
studied two variants of this problem where thetfose is the static version of the problem
while the second one represents the dynamic verSioncontributions can be declined into:

» Static variant: we developed two models for the HiH€lricting problem where the
criteria related to compatibility, indivisibility fobasic units are hard constraints to
respect while criteria related to workload balanod compactness can be formulated
either as a hard constraint to respect or an abgefitinction to optimize.

* Dynamic variant: we incorporated the different smgr of variability in order to
generalize the districting problem in a deterministontext by formulating and
optimizing the problem over a time-window. In adulit to the criteria considered for
the static variant of the problem, we integrateather criterion related to the
continuity of care. Based on the two continuitycafe sub-criteria, we distinguished
three scenarios for which we propose the assocmatgllematical formulations.

For each of these variants, we proposed MIP fortiwna for the corresponding problem
which is solved thanks to a commercial MIP solWoreover, we carried out computational

experiments to evaluate these formulations.
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A possible extension of this work, from a practipalnt of view, would be to test the models
developed on a real case study. This would not aolytribute to validate the insights
obtained from our models but also enable to bettelerstand the impact of the districting
approach on increasing care givers’ motivation\aodk satisfaction.

In addition to the concluding sections of the poesi chapters, several interesting areas of
future research can be identified.

First, further analysis should be required to gjtken the formulations proposed in the
present work. We can thus investigate an enhanoechufation for the compatibility
constraints based on the analysis of the associiedtraint graph and the use of valid
inequalities deduced from maximal cliques. This radttvould allow the replacement of the
large number of compatibility constraints by strengnd less numerous ones: the clique
constraints. We note here that similar approacteese been used on other optimisation
problems such as assembly line design [Pinnoi andheih, 1998], cellular
telecommunications networks design [Kalvenes et 2005] or air line crew scheduling
[Zeghal and Minoux, 2006].

Second, one of the major limitations of the timexdaw districting models developed in the
present work is the assumptions of deterministimated and processing times (number of
visits and average duration of these visits). g is mostly based on data about future
demand which are estimated by forecasting modeisirBpractice there will always be more
or less important forecast errors. Moreover, thstridiing process may be affected by
uncertainties both in demand and in processingstiwt@ch may deteriorate the quality of the
service delivered to the patients and the workiogdations of the care givers. Incorporating
uncertainties into districting models thus opengeresting area for further research.

Third, the districting models discussed here focnsthe partitioning of the territory into
districts independently from the other decisionghaf HHC operations management. It may
thus be worth investigating the integration of witsing into more global models. Indeed,
once the districts are designed, care givers shioelldssigned to districts designed. Thus, it
can be interesting to consider a model that aimdisdticting and assigning care givers to
districts simultaneously. This joint model would tnéd determine the best partitioning of the
territory as well as the best human resources agton in terms of the care givers’ team
sizes that guarantees the minimization of stafiamgl transportation costs as well as the

balance of the care givers teams’ workload.
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APPENDIX A

MAIN INDICATORS OF THE OECD ECONOMIES

Table A-1: Percentage of the average annual growth of oufjiiiecOECD economies

.7

Gross Agriculture  |Industry Manufacturing Services

domestic

product

1990-| 2000-| 1990- | 2000-| 1990-| 2000-| 1990- | 2000- | 1990- | 2000-

2000 | 08 2000 |08 2000 | 08 2000 |08 2000 | 08
Australia 3.6 3.3 3.1 0.0 2.7 2.6 1.8 1.3 4.2 3.7
Belgium 2.1 2.0 27 |-2.7 | 1.8 14 (31 1.1 1.9 2.2
China 10.6 | 104 | 4.1 4.4 13.7] 11.7 12.9 11.6 11,0  1(
Denmark 2.7 1.6 46 |-35 |25 0.4 2.2 0.4 2.7 1.7
France 1.9 1.8 20 |01 |11 1.0 0.8 2.2 2.1
Germany 1.8 1.2 01 |02 |-01 (19 0.2 2.8 2.9 1.2
Greece 2.2 4.2 05 (43 |10 4.5 5.2 2.6 4.8
ltaly 1.5 1.0 21 |0.0 1.0 |04 1.6 -04 |16 1.3
Japan 1.1 1.6 -1.3 |-1.1 |-0.3 | 1.9 1.9 2.0 1.6
Switzerland | 1.0 1.9 -09 |-0.8 | 0.3 21 2.1 1.2 1.7
Spain 2.7 3.3 31 |-13 |23 (23 |52 1.2 27 |38
United 2.8 2.5 -0.2 |11 1.5 ]0.2 1.3 -04 |34 |32
Kingdom
United 3.5 2.4 37 |28 |37 1.2 2.5 34 |29
States
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Table A-2: Structure of output of the OECD economies

Gross domestic product| Agriculture | Industry Manufacturing | Services

($ millions) ($ millions) | ($ millions) | ($ millions) ($ millions)

1990-2000 | 2000- 1990-| 2000-| 1990-| 2000-| 1990- | 2000- | 1990-| 2000-

08 2000 | 08 2000 | 08 2000 |08 2000 | 08

Australia 361 306 1015 217 3 3 29 29 15 10 68 68
Belgium 284 321 504 206 2 1 28 23 20 16 70 76
China 728 007 4 326 996 20 11 47 49 34 34 33 40
Denmark 181 984 341 255 3 1 25 26 17 15 71 73
France 1 569 983 2 856 556 3 2 25 20 12 72 78
Germany 2522792 3649 494 1 1 32 30 23 24 67 69
Greece 131 718 355 876 9 3 21 20 10 70 77
Italy 1126 041 2 303 079 3 2 30 27 22 18 66 71
Japan 5247610 | 4910840 2 1 34 29 23 21 64 69
Spain 596 751 1604 235 5 |3 29 29 18 15 66 68
Switzerland | 315 940 491 950 2 1 30 28 20 20 68 71
United 1157119 2674 057 2 1 31 24 21 67 76
Kingdom
United 7 342 300 14 591 381 2 |1 26 22 19 14 72 77
States
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APPENDIX B

EMPLOYEMENT OF HEALTH CARE SECTOR IN THE
OECD ECONOMIES

Table B-1: Percentage of health employees in the total apivsons between 1985 and 1995

Year 19851986/ 1987|1988 1989 1990| 1991| 1992| 1993|1994/ 1995
France 7.95 8.11 8.41 8.73 8.92 9
Germany 7.91 816 8.49 8.78 9.08
Switzerland | .. 8.09 848 8.88 9.2 935
% of total United
employment | States

Table B-2: Percentage of health employees in the total apévsons between 1996 and 2005

45

Year 1996 1997| 1998| 1999 2000 2001| 2002 2003| 2004| 2005
France 9.07 | 9.09| 9.06] 9.01 8.93 8.88 8.97 9.17 9|33 9
Germany [9.47 | 9.76| 9.91| 9.82 9.98 10.110.45/10.75/11.39/11.23
Switzerland | 9.73 | 10.1110.25/10.26/10.41/10.4 | 10.5811.02/11.2 | 11.48
% of total United
employment | States 11.9311.96/11.93

Table B-3: Percentage of health employees in the total apgveons between 2006 and 2010

Year 2006| 2007| 2008| 2009|2010
France 9.52
Germany |11.33/11.38/11.48/11.94 ..
Switzerland |11.47)11.39/11.54 11.84 ..

% of total United

employment | States 12.06]|12.21|12.54 ..

186



APPENDIX C

COMPUTATIONAL RESULTS ASSOCIATED TO MODEL

1 FOR M=3

In this appendix, we present the computational ltesassociated with Model 1 when we

consider scenarios 1, 2 and 3 for M=3.

Table C-1: Feasibility percentage and megap_maxof Scenariol for M=3

N 10 20 40 100

Feasibility | Mean Feasibility | mean Feasibility | mean Feasibility | mean
dmax | Percentage| gap_max | Percentage| gap_max | Percentage| gap_max | Percentage| gap_max
90 | 35%
110 | 70%
130 | 95%
150 | 100% 9,2841%
170 | 100% 2,0086%| 100% 0,0851% 100% 0,1528% 65%
190 | 100% 1,7642%| 100% 0,0147% 100% 0,1173% 100% 0,0176%
210 | 100% 1,6051% 100% 0,0048% 100% 0,1115% 100% 0,0107%
230 | 100% 1,5861%| 100% 0,0026% 100% 0,1043% 100% 0,00[73%
250 | 100% 1,5861% 100% 0,0022% 100% 0,1043% 100% 0,00[71%
270 | 100% 1,5861% 100% 0,0022% 100% 0,1043% 100% 0,0080%
290 | 100% 1,5861% 100% 0,0022% 100% 0,1043% 100% 0,0068%
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Table C-2 : Feasibility percentage and megap_mayof Scenario 2 for M=3

N |10 20 40 100
Feasibility |mean Feasibility |mean Feasibility Mean |Feasibility |mean
Pmax|Percentagejgap_max [Percentage jgap_max [Percentage|gap_max [Percentage [gap_max
0 [100% 1,5112% | 100% 0,4212% 100% 0,1043% 100% 0,006
0,05 100% 1,5112% | 100% 0,4212% 100% 0,1188% 100% 0,06(
0,1 |100% 1,5112% | 100% 0,4212% 100% 0,1576% 0%
0,15100% 1,9519% | 100% 0,4629% 15%
0,2 [100% 2,3756% | 100% 1,2655% 0%
0,25 [100% 4,2716% | 80%
0,3 |100% 4,7516% | 5%
0,35 [1L00% 9,1318% | 0%
0,4 95%
0,45 |65%
0,5 [65%
0,55 10%
0,6 0%
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Table C-3: Feasibility percentage and megap_maxof Scenario 3 for N=10 and M=3

0

0

0

Omax 100 150 200 250 300
Feasibility Percentage | 60% 100% 100% 100% 100%
0 meangap_max 9,2841% | 1,6051% 1,5861% 1,5861
0,05 Feasibility Percentage | 60% 100% 100% 100% 100%
meangap_max 9,2841% | 1,6051% 1,5861% 1,5861
0,1 Feasibility Percentage | 60% 100% 100% 100% 100%
meangap_max - 9,2841% | 1,6051% 1,5861% 1,5861
0,15 Feasibility Percentage | 30% 100% 100% 100% 100%
Do meangap_max - 11,4592%2,2967% | 2,0323%| 2,03239
0,2 Feasibility Percentage | 20% 95% 100% 100% 100%
meangap_max _ 2,7419% | 2,4595% 2,45959
0,25 Feasibility Percentage| 10% 75% 100% 100% 100%
meangap_max _ 4,9273% | 4,4392%| 4,43929
0,3 Feasibility Percentage | 5% 75% 100% 100% 100%
meangap_max _ 5,2794% | 4,9193% 4,91939
0,35 Feasibility Percentage | 0% 65% 100% 100% 100%
meangap_max _10,39410(9,5487% 9,5487%
Feasibility Percentage | 0% 55% 95% 95% 95%
Feasibility Percentage | 0% 25% 60% 65% 65%
Feasibility Percentage | 0% 10% 10% 10% 10%
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Table C-4: Feasibility percentage and megap_maxof Scenario 3 for N=20 and M=3

o

Do

Omax 100 | 150 200 250 300
Feasibility Percentage |0% | 95% 100% 100% 100%
Do 0 meangap_max _ 0,0881% | 0,0844%| 0,08449
0,05 Feasibility Percentage |0% | 95% 100% 100% 100%
meangap_max _ 0,4063% | 0,3946%| 0,39469
0,1 Feasibility Percentage |0% | 75% 100% 100% 100%
meangap_max _ 0,4289% | 0,4170% 0,41709
0,15 Feasibility Percentage |0% | 50% 100% 100% 100%
meangap_max - 6,7289% | 0,5063% 0,4585% 0,4585
0,2 Feasibility Percentage |0% | 5% 95% 100% 100%
meangap_max _ 1,2684% | 1,2684%
0,25 Feasibility Percentage |0% | 0% 55% 75% 80%
0,3 Feasibility Percentage |0% | 0% 5% 5% 5%
0,35-0,5 |Feasibility Percentage 0% | 0% 0% 0% 0%
Table C-5: Feasibility percentage and megap_maxof Scenario 3 for N=40 and M=3
Omax 100 | 150 200 250 300
Drmax Feasibility Percentage| 0% | 55% 100% 100% 100%
0 meangap_max _ 0,1120% 0,003% | 0,003%
0,05 Feasibility Percentage 0% | 5% 95% 100% 100%
meangap_max _ 0,1211% | 0,1200%
0,1 Feasibility Percentage 0% | 0% 80% 100% 100%
meangap_max _ 0,1590% | 0,1576%
0,15 Feasibility Percentage 0% | 0% 0% 10% 10%
0,2-0,5 | Feasibility Percentage 0% 0% 0% 0% 0%
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Table C-6: Feasibility percentage and mean gap_max of SceBdapoN=100 and M=3

Omax 100 | 150 200 250 300
Feasibility Percentage | 0% 5% 100%| 100%| 100%
Pmax |0 meangap_max 0,0110% 0,0071% 0,0068%
0,05 Feasibility Percentage | 0% 0% 0% 100%| 100%
meangap_max 0,0598% 0,0616%
0,1-0,35 |Feasibility Percentage | 0% 0% 0% 0% 0%

meangap_max
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APPENDIX D

COMPUTATIONAL RESULTS ASSOCIATED TO MODEL
2FOR M=3

As in Appendix C, we present in this Appendix tloenputational results associated to Model
2 when we consider scenarios 1, 2 and 3 for M=3.

Table D-1 Feasibility percentage of Scenario 1 for M=3
T 10 20 40 100

1 100% | 100% | 100% | 100%
0,1 100% 100% 100% 100%
0,01 | 25% 100% | 100% | 100%

180

160

140

120

100
mN=10

mN=20
= N=40
m N=100

80 -

mean (distance)

60 -

20 -

1 0,1 0,01

T

Figure D-1: Meandistancefor Scenario 1 for M=3
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Table D-2: Feasibility percentage and megistanceof Scenario 2 for M=3

N 10 20 40 100
Feasibility | mean Feasibility | mean Feasibility | Mean Feasibility | mean
Percentage| distance | Percentage| distance | Percentage| distance | Percentage | distance
P 0 100% 96,340 100% 126,476 100% 143,549 100% 165
0,05 | 100% 96,340 100% 126,476 100% 171,488 100% 219
0,1 | 100% 96,340 100% 143,768 100% 191,334 0%
0,15 | 100% 106,580 | 100% 155,526 10%
0,2 | 100% 112,410 | 80%
0,25 | 100% 131,486 | 5%
0,3 | 100% 136,230 | 0%
0,35 | 90%
0,4 | 65%
0,45 | 10%
0,5 | 10%
0,55 | 0%
0,6 |0%
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Table D-3: Feasibility percentage and medistanceof Scenario 3 for N=10, 20 and M=3

N 10 20
T 1 0,1 001 |1 0,1 0,01
O Feasibility Percentage| 100% | 100% | 65% 100%| 100%| 100%
0 |meandistance 95,410 126,79- 126,476 135,012 145,714
0,05| Feasibility Percentage| 100% | 100% | 65% 100%| 100%| 100%
meandistance 95,410 126,79- 126,476 135,012 145,714
0,1 |Feasibility Percentage|100% | 100% | 65% | 100%| 100%| 100%
meandistance 95,410 126,79- 143,764 148,070 159,302
0,15| Feasibility Percentage| 100% | 100% | 30% 100%| 100%| 100%
meandistance 106,603 132,196- 155,526 161,269 175,971
0,2 |Feasibility Percentage|100% | 100% | 20% | 100%| 100%| 55%
meandistance 112,410 134,745- 179,163 185,116-
0,25| feasibility percentage |100% | 90% 5% 80% 20% 0%
meandistance 131,48
0,3 | Feasibility Percentage| 100% | 80% 5% 5% 5% 0%
meandistance 136,23

0,35| Feasibility Percentage| 100% | 70% 0% 0% 0% 0%




Table D-4: Feasibility percentage and medistanceof Scenario 3 for N=40, 100 and M=3

N 40 100
T 1 0,1 0,01 1 0,1 0,01
Prmax Feasibility
0 Percentage 100% | 100% | 100% | 100% | 100%  100%
meandistance 143,549|144,310 145,780| 165,442 165,442| 165,442
Feasibility
0,05 Percentage 100% | 100% | 100% | 100% | 100% 100%
meandistance 171,488|171,488)172,055|219,764|219,862| 220,228
Feasibility
0,1 Percentage 100% | 100% | 100% | 0% 0% 0%
meandistance 190,509| 190,998 195,032_
Feasibility
0,15 Percentage 10% 0% 0% 0% 0% 0%
oo
Feasibility
Percentage 0% 0% 0% 0% 0% 0%
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APPENDIX E

EXTENSIONS OF THE HHC DISTRICTING MODELS

1 Distinction between the patients’ profiles

1.1 Decision Variables

We define the following decision variables in additto the ones used for Model 1 and
Model 2:
* Wj: total care workload of district j (j=1,...,M) rekd to profile h (h=1...H).

1.2 Parameters

We use the following notations for the additionatgmeters of the models:

* W :average care workload among all districts relapeprofile h (h=1...H).
* 14, admissible percentage deviation of the workloaldted to profile h (h=1...H) and

associated to a given district in comparison whi éaverage workload among all districts.

1.3Model 3

In the context of Model 1, we propose to balaneeworkload related to both set of profiles
by minimizing the maximum deviation of the totalreavorkload of the district from the
average workload.

The care workload equilibrium of the set of profilgsand h is modeled as a hard constraint
to respect by defining forihand h two tolerance intervals depending on the decisions-
makers’ preferences. The mathematical formulatioMadel 3 is the following:
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Minimize gap _ max

gap_max=

L O j=1.M
W

-3

gap_max>—— [0 j=1.M
W

Q-r)w, <w, O j=1.M
w, S@+r)w, 0O j=1.M
Q-7 )W, sw, 0 j=1.M
w, <@+7)w, O j=1.M

M

Y ox; =1 O i=1.N

j=1

x +% <1 O (KOE j=1.M
X, +xs<1 O (,kOD, j=1.M

x,0{o} O i=1.N j=1.M
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1.4Model 4

Similarly to Model 3, it is also possible to digiiish between two profiles’ sets &nd h so
that the impact of both profiles’ sets is separafdus distinction is made by defining two
admissible percentage deviation of the workload@ased to a given district in comparison

with the average workload among all districts.

Minimize distance (E.18)
s.to
distanced, * (x; +x4,-1) 0O i=1L.N k=1.N j=1.M (E.19)
N H
w, =D > PbTx O j=1.M (E.20)
i=1 '}]Elj".tl
N H
w, =Y Y PbTx O j=1.M (E.21)
e,
N H
2.2 PhT,
W= (E.22)
Wh = M .
N H
2.2 P,
TR (E.23)
Wrb = M .
M
> x; =1 0O i=1.N (E.24)
j=1
Q-r)w, <w, O j=1.M (E.25)
w, <@+r)w, O j=1.M (E.26)
Q-r,)w, <w, O j=1.M (E.27)
w, <@+7)w, O j=1.M (E.28)
X, +x,<1 0O (,KOE j=1.M (E.29)
x,0{0} O i=1.N j=1.M (E.30)
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2 Distinction between the types of care givers
2.1 Decision Variables

We define the following decision variables in aditto the ones used for Model 1 and
Model 2:

* W total care workload of district j (j=1,...,M) rekd to the care givers’ type s (s=1...S).
2.2 Parameters

We use the following notations for the additionatgmeters of the models:

* S: number of care givers’ types considered.

* bns number of visits achieved by a care giver oketgp(s=1...S) and required by a patient
of profile h (h=1...H) during his/her stay withinet HHC system.

» Ths average duration of a visit achieved by a cavergof type s (s=1...S) relative to the
profile h (h=1...H).

. Ws :average care workload among all districts relabeithé care givers’ type s (s=1...S).

* 1o admissible percentage deviation of the workloadh @are giver of type s (s=1...S)

associated to a given district in comparison whii average workload among all districts.

2.3Model 5
Inimize gag _ max :
Minimi (E.31)
s.to
N H S )
Wy = 2 > Rb T O j=1.M (E.32)
i=1 h=1§E:SLl
N H S
W, =22 2 PbTex O j=1.M (E.33)
i=1 h:liaiz
N H S
W, :zzz PubsThsX;, O j=1.M (E.34)
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gap_max= ——
W

L=75 )wy <wig

Wi, < +7)wy

(1_ ThS)WSz s Wisz

Wi 2 < (1+ Tsz)w_sz

JS:

Y x, =1 O

M
j=1

X %<1 0O (,KUOE j=1.M
X t%;<1 0O (,k0UD, j=1.M

x, 0{o} O i=1.N j=1.M

U
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2.4Model 6

Minimize distance

s.to

distancexd, * (x; +x4,-1) 0O i=1L.N k=1.N j=1.M

N H S
WJSL = zzz Plh bhsTthu O J =1.M
i=1 h=1§5§1
N H S .
stz = Zz Z I:)ihbhs-rhsxij U J =1.M
i=1 hzlz%z
N H S
ZZZ PihbhsThs
- i=1 h=1s=1
— 41
i M
N H S
ZZZ thhsThs
i=1 h=1s=1
— _ o
* M
M
Z ;=1 0O 1=1.N

Q-7 )W W, O j=1.M
w, S@+r)w, O j=1.M
Q-7 )w, <w, O j=1.M
w, <@+r)w, O j=1.M

X, +X, <1 0 (i,kOE, j=1.M

x {03 0O i=1.N j=1.M
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APPENDIX F

COMPUTATIONAL RESULTS

In this appendix, we discuss the results of somaptational experiments carried out to

evaluate the two first extensions proposed in eadil of Chapter 3 and applied to Model 1.

1 Problem instance generation

In this appendix, we create different sets of 2ftances generated randomly following the
procedure described in Section 4 of Chapter 3.ddde
» The number of basic units N is equal to 20.
» The number of districts to design M is equal to 2.
» The number of profiles H is equal to 2.
* The maximum distance between two basic units asdigmthe same districtygk is varied
between 0 and 300 in steps of 50.
» The percentage deviatiap of each district care workload from the average eeorkload
related to the profile h (h=1...H) can be equal t6%050%, 25%, 10% and 1%.
* The maximum ratio of incompatibilities between e&eélsic unit i and the other basic units
k (k=i+1...N) related to the compatibility matrixen)can have two values 0.05 and 0.15.
« The distance matrix(@y) is generated as follows:

- For each basic unit i, we randomly generate anisdes¢s and an ordinate ;Yfrom a

uniform distribution DU (0, 200).
- For each pair of basic units i and k, the distathcés then calculated according to the

formula:d, =./(X - % )2+(Y-Y)?

» The number of visits pand the average duration of the visitsrélative to the profile 1,

are generated randomly from uniform distributioaspectively DU (0, 25) and DU (O, 4).
» The number of visits band the average duration of the visitsrélative to the profile 2,

are generated randomly from uniform distributioaspectively DU (0, 2) and DU (O, 5).
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* The number of patientsFhaving the profile h and living in the basic unis generated

randomly from a discrete uniform distribution DU @D).

For each series of results, we provide:

» The feasibility percentage over the 20 instancesassume that a solution is feasible if it
can be obtained within 60 minutes of computation.

* The meangap_maxor distanceover the 20 instances’ sets that correspond t&0100
feasibility.

All tests were run under Windows XP with an Intedr€ Duo CPU (3 GHz) and 2 Go of
RAM. We used a standard MIP software (CPLEX11.1lthwhe solver default settings to

solve the problem, using the different formulatmesented in Appendix E.

2 Comparison of Model 1 versus Model 3

We carried out some computational experimentsdeoto evaluate the formulation of Model
3 proposed in sub-section 1.3 of Appendix E. Wetfig value of pax to 0.05. We also
consider different values ofgk L {0, 50, 100, 150, 200, 250, 3004, [1{1%, 10%, 25%, 50,
100%} andrt, L1{1%, 10%, 25%, 50, 100%} and for each couplgafdti) or (thax T2), We
generate randomly 20 instances as explained befbeecomputational results obtained with

the initial and extended formulations are displaiyedables F-1, F-2, F-3 and F-4.
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Table F-1: Feasibility percentage and megapp_maxof Model 1 and Model 3

(1:=100%, 50%)

Model 1 Model 3
T1 100% 50%
Feasibility | mean Feasibility | mean Feasibility |mean
dmax |Percentage gap_max gap_max gap_max
0 0%
50 0%
100 |0%
150 |25%
200 |[100% 0,163% | 100% 0,163% 100% 0,174%
250 |[100% 0,145% | 100% 0,145% 100% 0,167%
300 |[100% 0,145% | 100% 0,145% 100% 0,167%

Table F-2: Feasibility percentage and megep_maxof Model 3 ¢,=25%, 10%, 1%)

Model 3

T1

25%

10%

1%

Feasibility | mean

Feasibility | mean

Feasibility | Mean

dmax | Percentage gap_max gap_max gap_max
0 0%

50 0%

100 0%

150 25%

200 100% 0,223% | 100% 0,276% 100% 0,356%
250 100% 0,222% 100% 0,276% 100% 0,307%
300 100% 0,222% | 100% 0,276% 100% 0,307%
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Table F-3: Feasibility percentage and megapp_maxof Model 1 and Model 3t§=100%,

50%)

Model 1 Model 3
T2 100% 50%

Feasibility | mean Feasibility | mean Feasibility | Mean
dmax | Percentage gap_max gap_max gap_max
0 0%

50 0%
100 |0%
150 |25%
200 |100% 0,163% 100% 0,163% 100% 0,163%
250 |100% 0,145% 100% 0,145% 100% 0,145%
300 |100% 0,145% 100% 0,145% 100% 0,145%

Table F-4: Feasibility percentage and megep_maxof Model 3 ¢,=25%, 10%, 1%)

T2 25% 10% 1%

Feasibility | mean Feasibility | mean Feasibility | Mean
dmax | Percentage gap_max |Percentage gap_max | Percentage gap_max
0 0%

50 0%
100 |0%
150 [25%
200 |100% 0,163% | 100% 0,163% | 100% 0,163%
250 |100% 0,145% 100% 0,145% 100% 0,145%
300 |100% 0,145% 100% 0,145% 100% 0,145%

The results presented in these tables also shanbhasing the initial formulation i.e. Model
1, for dnax=150, 25% of the problems can be solved exactlhiwithe computational limits
and for 6200, 100% of the problems can be solved exacthiwithe computational
limits. We compare these results with the onesinétbwhile using the extended formulation
i.e. Model 3. Indeed, for@=150; 20%, 5%, 20% and 10% of the problems areesblv
exactly respectively whem=10%, 11=1%, 1,=10% andt,=1%. It is then clear that fewer

instances are solved exactly by using the extefai®tulation which also increases the mean
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gap_max Indeed, by decreasing the valuetof(respectivelyr,), the feasibility percentage
decreases and the megap_maxincreases. Table F-5 which represents the relajams
between using Model 1 and Model 3 for respectively1% andt ,=1% shows that the
relative gaps generated by the addition of a talanterval related to profile 1 (118.335%
for dna=200) is far more important than the one relategrtiile 2 (0.000% for g.,=200).
The main explanatory factor for this is relatedhe fact that, as shown in Table F-6, mean

(Wl) and mean@) represent respectively 0.4124% and 95.588% ofitean (7v). Indeed,

on one hand, the optimal solution obtained by uduadel 1 is the same than the one
obtained by using Model 3 where we add a hard cainstrelated to the care workload of
profile 2 which represents on average 95.588% etakal care workload. In other words, the

effect of adding this hard constraint is negligikim the other hand, adding a hard constraint
on Wl which corresponds on average to 0.4124%/mby strongly modify the results

obtained by using the initial formulation.

Table F-5: Care workload deprivation between Model 1 and M@&df@lr t;- 1,.=1%

dmax 0 50 100 150 200 250 300

T1 118,335%) 112,232%| 92,166%
T2 0,000% 0,000% 0,000%
Table F-6: Proportion of each profile care workload
w “ W " v
w w
523,835 2,156 0,412% 521,679 99,588%

3 Comparison of Model 1 and Model 5

In this sub-section, we compare the initial forntiola i.e. Model 1 and the extended one i.e.
Model 5 presented in sub-section 2.3 of AppendiacEording to the second extension that
consists in separating the different types of cavers due to the importance of the gap that
may exist between the care workload of each carergjitype. As the parameters andts,
related to each type of care givers have an impadhe results, we group the instances by
sets of 20 wheres; [1{100%, 50%, 25%, 10%, 1%} and, [1{100%, 50%, 25%, 10%, 1%}.
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The analysis of Tables F-7, F-8 and F-9 which a@igphe feasibility percentage and the mean

gap_maxpoint out that, for a givens; (respectivelyts,), the meargap_maxdecreases as

long as the value ofs, (respectivelyts;) increases. By comparing the results obtained with

both Model 1 and Model 5, we conclude that usirgy éktended formulation (i.e. Model 5)

decreases the feasibility percentage and incretmesneangap_max The relative gaps

between using Model 1 and Model 5 for respectiwsly1% andts,=1% are displayed in

Tables F-10 and F-11. This relative gaps increasem ¢hax increases and whets, or ts;

increases. The difference between the relative ghps andts; is related, as for the case of

the first extension, to the importance of the caoekload of each type of care givers (see

Table F-12).

Table F-7: Feasibility percentage and megayp_maxof Model 1

dmax | Feasibility Percentage | Meargap_max
0 0%

50 |0%

100 |0%

150 |25%

200 |100% 0,034%

250 |100% 0,028%

300 [100% 0,028%
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Table F-8: Feasibility percentage of Model 5

5

151 | Omax|100% [50% [25% [10% [1% [t |dmax|100%][50% [25% |10% | 1%
0 [0% [0% |0% | 0% | 0% 0 |[0% [0% [0% | 0% | 0%
50 [0% [0% |0% | 0% | 0% 50 [0% [0% |0% | 0% | 0%
100[0% |0% [0% | 0% | 0% 100[0% [0% [0% | 0% | 0%
150 [25% | 25% | 25% | 20% | 10% 150 [25% | 25% | 25%| 20%| 10%
200 [100% | 100% | 100%| 1009 1000/(0 200 | 100% | 100%]| 100%] 100%)| 100%
250 [100% | 100% | 100%| 1009 100%0 250 | 100% | 100%]| 100%]| 100%)| 100%

100% 300 [100% | 100% | 100%| 100% 100%0% |300 [100% | 100%]100%] 100%]| 100%
0 [0% [0% |0% | 0% | 0% 0 |[0% [0% [0% | 0% | 0%
50 [0% [0% |0% | 0% | 0% 50 [0% [0% |0% | 0% | 0%
100[0% |0% [0% | 0% | 0% 100[0% [0% [0% | 0% | 0%
150 [25% | 25% | 25% | 20% | 10% 150 [20% | 20% | 20%| 20%| 10%
200 [100% | 100% | 100%| 1009 1000/(0 200 | 100% | 100%]| 100%] 100%)| 100%
250 [100% | 100% | 100%| 1009 100% 250 | 100% | 100%]| 100%]| 100%]| 100%

25% (300 [100% | 100% | 100%| 100% 1009%10% 300 | 100% | 100%]| 100%]| 100%| 100%
0 [0% [0% |0% | 0% | 0%
50 [0% [0% |0% | 0% | 0%
100(0% |0% |[0% | 0% | 0%
150 [15% | 15% | 15% | 15% | 5%
200 [100% | 100% | 100%| 1009 1000/()
250 [100% | 100% | 100%| 1009 100%

1% |300 |100% | 100% | 100%| 1009 100%0
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Table F-9: Meangap_mayof Model 5

)

0o

0o

)

)

0o

)

)

)

0o

)

)

)

0o

TS
5 Gax |100% | 50% | 25% | 10% | 1%
100% 0

50

100

150 |3,284% | 3,284%)| 3,284% 1,239% 0,914

200 |0,034% | 0,034%| 0,034% 0,034% 0,056

250 |0,028% | 0,028%| 0,028% 0,028% 0,056

300 |0,028% | 0,028%| 0,028% 0,028% 0,056
50% 0

50

100

150 |3,284% | 3,284%)| 3,284% 1,239% 0,914

200 |0,034% | 0,034%| 0,034% 0,034% 0,056

250 |0,028% | 0,028%| 0,028% 0,028% 0,056

300 |0,028% | 0,028%| 0,028% 0,028% 0,056
25% 0

50

100

150 |3,284% | 3,284%)| 3,284% 1,239% 0,914

200 |0,034% | 0,034%| 0,034% 0,034% 0,056

250 |0,028% | 0,028%| 0,028% 0,028% 0,056

300 |0,028% | 0,028%| 0,028% 0,028% 0,056
10% 0

50

100

150 |0,996% | 1,239%)| 1,239% 1,239% 0,914

200 |0,034% | 0,034%| 0,034% 0,034% 0,056

250 |0,028% | 0,028%| 0,028% 0,028% 0,056

)
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300 |0,028%

50

100
150 |0,223% | 0,292%| 0,292% 0,292% 0,448%
200 [0,035% | 0,035%| 0,035% 0,035% 0,056
250 |0,032% | 0,032%| 0,032% 0,032% 0,056%0
1% 300 |0,032% | 0,032%| 0,032% 0,032% 0,056%0

Table F-10:Care workload\ (ts;) deprivation between Model 1 and Model 5

™5 Omax

0O |50 | 100 | 150| =200 250 300
100% 66,858% | 100,669%100,669%
50% 66,858% | 100,669%100,669%
25% 66,858% | 100,669%100,669%
10% 66,858% | 100,669%100,669%

1%

62,099% | 75,708%| 75,708%

Table F-11:Care workload\ (ts;) deprivation between Model 1 and Model 5

L) Omax

0O |50 | 100 | 150| 200 250 300
100% 2,936% 14,206%| 14,206%
50% 2,936% 14,206%, 14,206%
25% 2,936% 14,206%| 14,206%
10% 2,936% 14,206%| 14,206%

1% 0,000% | 0,000% | 0,000%

Table F-12:Proportion of each profile care workload

w w, W,

s |2
s |E|

5542,6 | 4659 | 84,058% 883,6 15,942%
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