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ABSTRACT: The districting problem consists in grouping sngdlographic areas into larger clusters called “dis-
tricts” in a way that these latter are “good” accding to relevant criteria. Previous districting meld that have been
proposed in the literature for different contextels as the design of political districts or theesaterritory alignment
are first reviewed. Based on these models’ anglysispropose a classification of the criteria calesied within the
different realms. After that, we treat the problefrdesigning districts for the home health careistures. The use of
the districting approach is motivated by the desiréacilitate the organization of the care deliyeto reduce the trans-
portation costs and to improve the service qualitge relevant characteristics of well-designedrditt within this
context are: the indivisibility of basic units, thespect of administrative boundaries, the accdiyilof the districts,
the compactness and the workload equilibrium whieectravel time represents an important componérttaoe pro-
viders’ work time. Finally, we present a set ofreéos that differ according to the importance give the travel time
and “care” workload balance by the decision-makefs integer programming formulation is then propibse each

one of these scenarios.

KEYWORDS: districting problem, home health care, criterizlgssification, mathematical programming.

1. INTRODUCTION

The districting of a territory is a strategic désmswhich
consists in grouping basic units (zip codes arsiasets,
etc.) into larger clusters i.e. “districts” so thihese dis-
tricts are “good” according to relevant criteriaheEe
latter can be related to the activity (workloadanale),
the demography (population equality) or the geolgrap
cal characteristics (contiguity, compactness, eit.jhe
basic units. These basic units which representggnea
gation of people are typically zip codes areastgas-
eas, streets, geo-codes addresses, etc.... Thehasre
terized by some measures like the number of inbatsif
the sales potential, the workload, etc. Despités the
aggregation level of the basic units and the sizéhe
problem significantly influence the computation ¢m
necessary to solve the districting problem, thabdlty
of the solution proposed and consequently its appii-
ity. That is why, it is important to well chooseetbasic
units in order to avoid data aggregation errorsctvian
deteriorate the solution quality. This decisiotifse and

the care providers who would be more productive-ind
vidually and thus facilitates the increase of therall
performance. Finally, (Kalcsiost al, 2005) present an-
other reason which is related to the introductibmew
products within the sales territory context.

This problem has been widely treated in the Opamati
Research literature, and many models have been pro-
posed for various contexts: political districtingghool
districting, sales and services territory alignmesult
spreading, etc. In this paper, we are interesteal spe-
cific application domain which is the home healtinec
The remainder of this paper is organized as follows
the second section, we begin defining the hometlneal
care and an enumerating of the advantages of tisang
districting approach in this context. Then, thefatiént
criteria considered in the districting problem dedined
and classified into four main categories. In thertio
section, a review of the districting models progbse
the Operations Research literature is presenteter Af
that, we present the relevant criteria for designin
“good” districts within the Home health care contex

resource consumer and has an important impact tin bo propose different scenarios which depend on thev vie
customers and care providers (their performance andpoints of the decision-makers and develop matheadati

their motivation). In general, managers are moggaty
four main factors. First, their desire to betteveroa ter-
ritory with the existing care providers would expléhe
necessity of the territory adjustment. The secaabon
is related to the change of human resources oomgss
numbers that would be alleviated by the districtayy
proach. Moreover, the necessity to balance thevigcti
among the districts also motivates the decisionerak
due to the fact that an equitable districting emagas

formulations for modelling these scenarios. Twogpos
ble extensions of these formulations are then ptede
in the sixth section. The last section provides s@on-
cluding remarks.

2. DEFINITION OF HOME HEALTH CARE

The Home Health Care (HHC) represents an altemativ
to the traditional hospitalisation, such structutrese
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been created fifty years ago in order to solvepttodlem
of hospitals’ clogging by providing to the patignts

their home, complex and coordinated medical and-par

medical cares for a limited period which can beepsed
depending on the patients’ needs.

These cares are comparable, in terms of naturerand

tensity, to those who might be delivered to theepas
within a traditional hospitalisation.

As the patient’'s home is one component of the healt

supply chain, new constraints are to be consideted-
sequently, there is a real need for developingvatioe
approaches in order to improve the organizatiothef
home health care structures.

The main objective of this type of hospitalisatiento

fact that the patients are close to each other dvoul
crease the reactivity of the care providers whegemw
cies occur which would conduct to satisfy more plae
tients.

This section shows the importance of adopting tise d
tricting approach to organize the delivery of cates
patients at home. However, the home health cateatis
ing problem shares some similarities with othetritis
ing problems previously treated in the literatuspes
cially those that has important human impacts sagh
the police district design or the sales territoigranent.
These similarities thus explain the necessity tolysthe
approaches proposed for the other realms.

contain the health system costs while improving the 3. CLASSIFICATION OF THE CRITERIA

quality of care delivered to patients in order éphthem
to reach their best clinical, psychological andialowell-

being.

It is then clear that the home health care reptesam
economic and social stake. However despites tleecisit
which it represents, the home health care (HHC)nditd

The districting problem has been widely treatedha
Operations Research literature since the lateesiiti a
broad range of applications. However, despite t#réus
applications of the districting problem, there amany
similarities between the models proposed. As a &ons

know the expected development. Indeed, the HH@stru quence, the different criteria considered in thsriditing

tures focused on the therapeutic aspect of thes cdee
livered to the patients and this explains its nieettrms
of tools to better organize the conditions of cdebvery
in order to minimize the operational costs whileugun-
teeing a satisfactory service quality towards thgents
as well as towards the care providers. Minimizihg t
costs in the home health care consists in minirgitire
staffing costs, the medicines’ purchase and equipshe
acquisition costs and the transportation costsrésee-
ing a service quality towards the patient invola@sim-
provement of the quality of care, a reduction @f dmit-
ing time and a satisfaction of his personal prefees
(e.g. affinity with certain care providers, timendbws
for the visits). Guaranteeing a service qualitydods the
care providers implies a fair distribution of theonk-
loads between them and the satisfaction of thesgral
preferences (e.g. periods of vacancies, etc.).
Adopting the districting approach, which consistpar-
titioning the territory into districts, each distribeing
under the responsibility of a multidisciplinary tea

literature are analogous. We then propose a dieeisiin
of these criteria into four categories.

To our knowledge, the only two works that propose a

classification of the criteria are (Kalcsie$ al, 2005)
and (Tavares-Pereira, 2007). In the first work, #uwe
thors just separate the geographical criteria fribve
other criteria used in the political districting efdo-
graphic criteria) and sales and service territoegigh
(activity-related criteria); while in the second nkp(Ta-
vares-Pereira, 2007) propose a classification efctite-
ria into four categories (the homogeneity criteitiag
geographical criteria, the criteria related to tpeimisa-
tion of the flows between the districts and theilgsirity
criteria). The differences between the classifarapro-

posed in (Tavares-Pereira, 2007) and the one tleat w

propose is twofold. First, Tavares-Pereira doescoot
sider the profile balance (see section 4.2.2.);puhudit-
ability (see section 4.2.3) and the organizatiamdéria
(see section 4.4). Second, we do not representlédss
of the flows’ optimisation due to the fact that de not

composed of care providers responsible of patients’'find any work that considers this type of criteria.

treatments within this district, would help homeakie
care structures to achieve these objectives. Indiésd
approach induces the reduction of the travel titreng-

As a consequence, the classification that we pmpas
be seen as an extension of the two classificatoesi-
ously mentioned.

portation costs’ containment) and consequently ithe
crease of the time dedicated to the direct careishwh
helps to improve the quality of care (patientsisfat-
tion) while balancing care providers’ workload (€ar
providers’ satisfaction). This would be inserted tire
strategy of improving the efficiency of the HHC wstr
tures by enhancing the service quality and workdeon
tions. Furthermore, the districting approach ftafiés The criteria relative to the geographical aspedtshe
the management and the assignment of the patients tproblem are expressed in terms of distances whéch c
their reference care provider (or a group of carevig- be Euclidean distances, straight lines, networks di
ers) since this assignment is subject to a setaicdpe- tances, etc. This class contains the followingedat

ters among which are the geographical district @thb < The compactnesshere is no rigorous definition of
patients and care providers and which must coinfide  the compactness despite the fact that it has bédelyw
each patient-reference care provider pair. Finalhg considered in the literature. However many autimange

The reader is warned that, in the literature, w&io
names can refer to the same criterion. We then matmni
the criteria by the most used expressions and put b
tween brackets their synonyms.

3.1.Criteria related to the geographical aspects
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considered that a district is geographically comppiait
is somewhat circular or square in shape rather libvag
and thin. This criterion is very important espdgiah
the political field due to the fact that it preverfrom
gerrymandering. This latter is defined by (Grilli@or-

e The population equality (voter equalitythis crite-
rion requires the design of districts that have shene
number of voters. As the exact equality is veryiclift
to obtain, deviations from the average populatioa a
allowed. Population equality is especially usedthe

tonaet al, 1999) as a practice that consists in “manipu- political field as it embodies the respect of tb@g-man-

lating the districts in favour of some politicalrpaor
candidate. The original gerrymander was createlBii2

one-vote” principle.
« The workload balance (workload equilibriuml

by Massachusetts governor Elbridge Gerry, who suc-generally used within the context of sales andisesv

cessfully managed to design the district map ofstiage
of Massachusetts in order to guarantee his reef€écti
The compactness is also very important in the sahels
services territory design field as it reduces ttalttravel

territory alignment problems for the design of dcds
which are balanced relative to the workload that loa
expressed as the time spent with the customers tirea
sum of the time spent with the customers and tneetr

times and thus improves a salesman/service prosider time. This criterion is related to the desire dflfadis-

efficiency.
e The contiguity (or the connectivity)consists in
guaranteeing the connection between the basic thats

tributing the workload among all the workers (sales
or service staff).
e The balance of the customers numbers (the balance

define one district without having to go throughyan of product/ service demandhis criterion is analogous

other district. It is, according to many authorsjesir-
able property but few of them consider it in an leip
manner. However, according to (Grilli di Cartoetaal,
1999), the compactness implies the contiguity. This
terion is generally considered for administratieasons
but also because it protects more against the memy
dering in the political field.

e The accessibility (or the mobilityXhis criterion is
related to the facility with which the workers wdul
travel within each district; for example by meafpob-
lic transportation, private cars, etc. Moreover #oees-
sibility of the districts is favoured by the respef the
natural obstacles such as mountains, lakes orsrividiis
criterion is very important for sales territoriesdahome
health care districts design due to the fact thegduces
the travel time.

to the previous one since the number of custonseasi
activity measure that could be considered for desg
balanced districts within the context of sales sewvices
territory alignment problems. In this case, the maio-
tivation is the fair distribution of potential pimects or
profit (see (Kalcsicet al, 2005)).

e The capacity limitationis generally used for the
school district design. It consists in respecting avail-
able space within each school. This limitation i do
the fact that each school has a specified captwtycan
not be exceeded.

3.2.2. Profilebalance:
This subclass of criteria is used when it is nemgs#
differ, according to an attribute, between the atight
profiles of inhabitants, customers or activitiesnedy

» The size:is measured in terms of areas. This crite- the workers. Among the criteria related to thifetin-

rion, as presented by (D’Amicet al, 2002) is satisfied
if the ratio of the areas of the largest and sretlths-
tricts does not exceed specified lower and uppands.
» The response time to calls for servigga criterion
that characterizes, as mentioned by (D’Amieb al,
2002), the police district design. This responseetiis
defined as the sum of the travel time and the tionéng
which the call is queued while awaiting availalilif
patrol officers. Note that the travel time is clyselated
to the distance between the centers of the distdod

the scenes of emergencies (places of calls). Aseol
effectiveness is measured by the average response t

for calls, this criterion represents a performanbgec-
tive for the police district design that must restpe pre-
defined service quality level related to thresheddues

tiation, there are:

e The socio-economic _homogeneitjo our knowl-
edge, this criterion has been considered only hyz{B
kayaet al, 2003). It is based on the personal incomes of
the inhabitants and guarantees a better reprementaft
residents who “share common concerns or views”s Thi
homogeneity is important in the sense that it esstinat
all the socio-economic classes have the same apport
ties to be represented.

e« The minority representation (racial balanc#)is
criterion is very important in the school distrii since

it ensures the same educational opportunities Itthal
races.

3.23. Profitability

of the customers waiting times necessary to gueeant The profitability of the districts depends essdhtian

their satisfaction.

3.2.Criteria relative to the activity measures

This class of criteria can be divided into threbcdasses.
3.2.1. Activity balance

These criteria aim to balance the different distriac-
cording to specific attributes:

the total time spent by the salesmen within eastridi.
This criterion is used for the sales territory afigent
and is especially related to the main objectivethe
commercial structures: the profit maximization.
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3.3.Criteria relative to the comparison between dif-
ferent territory partitions

This class aims to compare different territory pharis
that can be of different types or of the same type:
» The conformity of the districts designed to adminis

trative boundariesin most of the references mentioned

in this work, the districts designed must be cohevéth
the administrative boundaries.

» The similarity with the existing planhis criterion is
essentially used in the redistricting context witbe
problem consists in constructing new districts iaslar
as possible to the current ones. The main goahisf t
criterion is not to change a current partition catly but
to improve its efficiency.

3.4.Organizational criteria

Despite the criteria already mentioned, there ave t
other ones relative to:

» The number of districts to desigim all the refer-

ences mentioned in this work, the total number ief d
tricts must be exactly equal to a number predetezchi
by the decision makers.

» The indivisibility of basic units (the exclusive-as
signment of basic units, the integrity of basictsinthe

non splitting of basic units)t is necessary to assign each

basic unit to one and only one district. This insitility
allows, in the sales or the services territory eatjtthe

establishment of long-term relationships betweea th

salesmen/service staff and the customers. Degpdeitt
avoids the interference of the workers’ responisied
since the integrity constraint guarantees that deadic
unit is under the exclusive responsibility of onerker
(or a group of workers). Finally, it would be dfilt to

decide which person (patient, resident, studens- cu

tomer, etc.) should be assigned to which districtes
there are no data to indicate how to proceed faditig
the persons living within the same basic unit.

The different criteria presented in this taxononavdn
been formulated mathematically in various mannass (
objective functions to optimize or hard constraits
satisfy) within the literature related to the diging
problem. In the next section, we are going to nevie
part of this literature.

4. LITERATURE REVIEW

The districting problem has been widely treatedhe
Operations Research literature since the lateesiti a
broad range of applications: the design of polititia-
tricts; the definition of districts for salesmehgtestab-
lishment of districts for schools, salt spreadimgl goo-
lice command; the construction of turfs for telecom
nications’ workers and also the definition of dists for
the home health care workers.

Hence, the political and the sales realms arewtbentost
important applications in terms of number of pudlic
tions.

Several approaches have been proposed in the @perat
Research literature to treat this strategic decisianong
these approaches, we can distinguish two categahes
managerial heuristics ((Easingwood, 1973), (Lodish,
1975)) and the exact methods based on mathematical
programming techniques. There are two major tydes o
mathematical models related to the districting feots:
the set-partitioning models and the location-alimra
models.

For the first approach, the districts are desigtsd
grouping basic units so that an objective funci®op-
timised while respecting predefined constraints.wHo
ever, the second approach consists in defininge¢néers

of the districts and then determining their assedda-
sic units.

In the following section, we present some of thakso
dealing with the districting problem in the polaicand
the sales territory realms, in the home health cargext
and also in the police district design field. THagter
bears an important similarity with the home healtine
districting problem which consists in the importanaf
the human impacts of the partition proposed on tiogh
care providers (police officers) and the patiepisp(la-
tion). The works presented in this section aresifigsl
according to their realm and sorted by their ydaam
pearance. For each one of them, we precise thereift
criteria considered as well as the approach useabttel
the problem.

4.1. Political districting

In this application, a territory has to be partigad into a
predetermined number of districts from which poéiti
candidates are elected. The districting procedunstm
respect the “one-man-one-vote” principle: sinceheac
district elects one member, the districts desigmact
have approximately the same number of voters while
satisfying other criteria.

The first mathematical programming approach was pro
posed by (Hesst al, 1965) who formulate the political
problem as a location-allocation problem (capaettah-
median facility location problem) for designing coact
and contiguous districts which respect the indbiigy

of basic units’ constraints and whose populationstm
lie within a predetermined interval.

(Garfinkel and Nemhauser, 1970) address the probfem
political districting as a set partitioning probleffhey
present a two-stage enumerative procedure whiclr min
mizes the maximum deviation from the desired distri
average size. In the first stage, they generatsilfiea
districts based on criteria related to populatigouadity
(total voters within an interval), compactness aodti-
guity. Then, in the second stage, they determipestt

of M optimal districts that minimize the maximum-de
viation from the average population while respegtine
indivisibility of basic units.

More recently, (Hojati, 1996) applies a three-sthga-
tion-allocation approach to divide a territory irg@iven
number of districts while respecting criteria rethtto
contiguity, compactness and population equality tidy
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methodology, district centres are first determingein
basic units are assigned to the district centresfiaally
the basic units that are assigned to two distectres or
more are reassigned to only one of them.

(Mehrotraet al, 1998) build their work on the previous
work of (Garfinkel and Nemhauser, 1970) and forrmula
the problem as a set-partitioning problem. The abje
function corresponds to the minimization of the ralle
compactness of the districts characterized by {heju-
lation equality, their contiguity, the non-splittirof the
basic units and the respect of administrative batiad
as much as possible.

(Bozkayaet al, 2003) propose a weighted multi-criteria
approach for the political districting problem bgnsid-
ering five criteria: contiguity, population equglitcom-

4.3.Police district design

In the Operations Research literature, the distigct
problem within the police patrol context has baeated
by (D’Amico et al, 2003). They model the problem as a
set-partitioning problem subject to constraintscom-
pactness, contiguity, size and also quality of isereon-
siderations related to the response time to callssér-
vice. Note that the “goodness” of a district isatetl to
the disparity between the maximum workload and the
minimum workload of the patrol officers and alscthe
average response time to a call. After the desfgine
districts, the optimal number of patrol cars isetletined
for each district.

pactness, socio-economic homogeneity and similarity4.4. Home health care districting problem

with the existing plan where the first criterioncisnsid-
ered as a hard constraint while the others are mwdb
in a weighted additive multi-criteria objective fiion.

The advantage of this method is that it allows ukers
to compare different scenarios.

4.2. Sales territory alignment

The sales territory design consists in groupingsabv-
erage units into districts of salesmen’s respolitsibi
which have approximately similar sizes in termsiom-
ber of customers or workloads.

(Hess and Samuels, 1971) first apply a location-
allocation model to approach the sales territoignal
ment problem in order to maximize the total compact
ness of all districts while balancing the “actiVigf the
entire salesmen and minimizing the changes intoeial
boundaries. The authors propose different “activity
measures such as the number of sales calls orateg s
potential and stress on the importance of a gotetse
tion of the measure since it influences the sofutjoal-
ity.

After this, (Zoltners and Sinha, 1983)) develop rfou
properties of a “good” sales territory design whante
the indivisibility of basic units, the activity tmice ac-
cording to predefined attributes, the contiguity tbé
districts and the compatibility with geographicddsta-
cles. In order to satisfy these four propertiegltfrers
and Sinha, 1983) propose a location-allocation mode
whose objective would be the minimization of thevil
time or the maximization of the profitability.

To our knowledge, there is a unique Operations &eke
work that treats the home health care districtirapfem
and which has been conducted by (Blaisal, 2003).
Using a model similar to the one proposed by (Bgaka
et al, 2003) for the political districting problem, they
propose a multi-criteria approach, where the datee-
lated to the visiting personnel mobility (via pubtrans-
portation and respect of the geographical obstpeled
the workload equilibrium (measured by the sum & th
travel time and the visit time) are combined intsirsgle
objective function whereas the criteria relatedh® in-
divisibility of the basic units, the respect of baogh
boundaries and the contiguity are considered ad har
constraints.

As we have mentioned in the second section, adpptin
the districting approach in the home health camteod
would be advantageous as it allows the transportati
costs containment and the improvement of the servic
quality and work conditions. Furthermore, the dising
approach is performed at the strategic level anithus
related to the managerial organization that shauip-
port the tactical and operational decisions i.e #s-
signment of the patients to their reference caowigers
and the scheduling and routing of the care prosider
activities within each district.

In the rest of the paper, we are interested inntbbdel-
ling of the home health care districting problem.

5. MODELING OF THE PROBLEM

(Fleischmann and Paraschis, 1988) also approach th&he objectives of the districting approach withime t

sales territory alignment problem by a location-
allocation model which respects the following aide
the workload balance, the compactness of the clistri
and the indivisibility of the basic units.

home health care context are the containment of the
transportation costs and the satisfaction of bbth fa-
tients and the care providers.

From the patients’ view point, a “good” districting

More recently, (Rios-Mercado and Fernandez, 2009)should allow the improvement of the quality of ¢aree

suggest a location-allocation (p-centre) model thoe
sales territory design problem. The objective ig th
maximisation of the total compactness while balagci
three different activity measures which are the benof

reduction of the waiting time and the equilibriurhtioe
quality of the care delivered within each district.
Furthermore, the care providers consider that tlénm
objective of the districting approach is to desitistricts

customers, the product demand and the workload gmon such that their workloads are balanced and theikwo

the contiguous districts.

time is efficiently used. The analysis of their kload
shows that it is essentially composed of the trawveé
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and the time spent with each patient for delivertihg
necessary cares. While the first depends essgntall
the distances between the different patients’ hame
the accessibility of the districts, the secondeiated to
the number of patients per basic unit and the tiswes-
sary to treat each patient.

At this level, it is important to mention that madtthe
home health care structures classify patientsajeutic
projects by categories named “profiles”. This dficss
tion depends essentially on the pathology from tviine
patient suffers, the necessary frequency of thiésyide
average duration of the visits and the type(s) ar&(s)
that he needs. It is then clear that the importariezach
profile varies according to its corresponding woed.
We then propose to begin by enumerating the diftere
profiles that the HHC structure may use to tresitpia-
tients. This step would allow the comparison ofsthe
profiles based on their corresponding workload rideo
to identify the most critical one(s) and after thatreal-
ize a certain profile balance since the differeasib

e The compactness: the most common way to formu-
late the compactness is to limit the maximum distan
between the basic units within the same distridtisT
maximum distance allows the limitation of the triave
time necessary to go from one basic unit to another
within the same district. As a consequence, thepamti
ness criterion permits the reduction of the unpotida
travel time and consequently the increase of tlopqr
tion of time devoted to direct cares and the imprognt

of the cares providers’ efficiency. Despite this tom-
pactness of the districts guarantees their coryig(aic-
cording to (Grilli di Cartonat al, 1999)).

e The workload equilibrium: it is essential that the
workloads of the different districts are almost dane

for the design of “good” districts. As we have sdmmn
fore, the total workload is defined as the sum h t
“care” workload and the travel time. However, atjgar

lar attention must be given to the workload’s folaau
tions which are intimately related to the manageesv
point.

units may be not homogeneous according to these proThereby, the proposed criteria allow the modellivfg

files. Note that (Blaist al, 2003) have not considered
the different profiles separately.

In this work, we assume that the HHC structure tcaat
all the profiles, that each profile is charactedizey a
predefined number of visits and an average duraifon
these visits and finally that all the basic units eovered
which means that all the patients can be treatethéy
HHC structure.

5.1.The criteria considered

One of the most important challenges in the honadtihe
care system is to provide a satisfactory qualitycaife

different scenarios depending on the managersepref
ences concerning the formulation of the two paftthe
workload. Indeed, the direct cares can be congidase
an objective function to optimise (or a part of titgec-
tive function) or a hard constraint to satisfy. Hoer,
the travel time can not be modelled as a hard mainst
the compactness’s constraint already exits.

The subsection 5.5 presents the different scenanos
their corresponding mathematical formulations fdvick
we first define the indices, sets, parameters awisibn
variables.

5.2.Indices and sets

and to balance the workload among the medical and

paramedical personnel. In order to reach this, o c
sider the following criteria for the districtingqslem:

e The number of districts to design is predetermined «

by the managers.

e The indivisibility of basic units: each basic umitist
be assigned to one and only one district. In crolenake
this criterion manageable, it is important to defithe
basic units carefully so that the problem wouldfdxesi-
ble. This criterion is considered in order to avdin
interference between the care providers’ respditgisi
and to establish long term relationships with patie

» The compatibility of basic units: this compatibylit
is related to the respect of administrative bouiedaand
the accessibility of districts. The former facitda the
organization of health care delivery procedures toed
work with community agencies. The latter is crugial
the home health care field due to the fact thatcde
providers visit the patients at their home. Thisessibil-
ity is favoured first, by the respect of geographiob-
stacles such as mountains, bodies of water, ettsac-
ond by the mean of transport like the public tramsp
tion or private cars which means that if the trahs-
tween two basic units via the public transport e t
routes is too complicated or too long, then these t
basic units should not be assigned to the samectlist

Let:

¢ N: the number of basic units.

M: the number of districts to design.
e H: the number of profiles considered.
e i basic unit index (i=1,...,N).

e . district index (j=1,...,M).

e h: profile index (h=1,...,H).

5.3.Parameters

To design the districts, we need the following paga
ters:

. bh:
h.

e Ty the average duration of the visits relative te th
profile h.

e Nbry,: the number of patients having the profile h
and living in the basic unit .

e di: the distance between the basic units i and ke Th
distance metric used could be: the Euclidean distam
the network distance. However, it would be better t
consider the network distance since the Euclidgan d
tance does not reflect the real time spent betwhen
basic units while our main objective is to minimite
travel time.

the frequency of the visits relative to the geof
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assigned to the same district.

a: the reverse of the travel speed.
B: the weight of the “care” workload.
e the compatibility index where :

1
Qk—o

The basic units i and k can be incompatible foeghr
main reasons:

Existence of geographical obstacles between them.
Difficulty or impossibility to travel from one basi
unit to another by the means of transport usedhiay t
HHC structure’s care providers (the public transgpor
tion, the private cars, etc.).

L]
L]
L]
if basic units i and k
otherwise

are compatiblg])

trict.
5.4.Decision variables

To solve this problem, we propose an integer lingar
gramming model for which we define the following-de
cision variables.

The assignment decision variables :

if basic unit

1 i is assigned to district j
X7o otherwise

@)

We also consider three other types of variables:
the “care” workload of the basic unit i (i=1,...,N)

H
a =) Nbr,b T 0O i=1.,N ©)
h=1
e the “care” workload of the district j (j=1,...,M)
a_ district | :iai'xn 0 j=L..M (4)
i a_ district
+ the average “care” workload, - = (5)

M

5.5. Different scenarios

Figure 1 shows the matrix that combines the “care

workload and the travel time and distinguishes leetw
the different scenarios related to HHC districtipgpb-
lem.

Travel Time
S.TO O.F
I
Direct Scenario 1 . Scenario 2
Work —_— - — - — - —I L — - — L] — - -
load

S.TC 1st extension Scenario 3

Figure 1: Classification of the scenarios

dmax the maximum distance between two basic units 5.5.1.

They do not belong to the same administrative dis-

First scenario

Within this scenario, the main objective of the agers
would be to design well balanced districts accaydim
the “care” workload. Within this context, the trhwene
is not explicitly formulated. However, its redugtias
guaranteed thanks to the compactness criterion.
mathematical formulation of this scenario is thiofe-
ing. The objective function (6) guarantees the iadaof
“care” workload between the different districts. i§h

balance would be obtained by minimizing the maximum

deviation of the “care” workload of the district®im the

average “care” workload. Constraints sets (7)af8) (9)

are used to calculate respectively the “care” waadl of

each basic unit, the “care” workload of each distaind

the average “care” workload. Constraints set (16),

gether with constraints set (13) ensure that eadicb
unit is assigned to one and only one district. Aibees-

sibility and the respect of administrative boundarcri-

teria are guaranteed by the constraints set (1dfeceto

the compatibility of the basic units assigned te same
district. Finally, constraints set (12) are relatedthe

compactness criterion.

Minimize Jg}axM a_district ; - a ©)
sto
H
a=> Nbr,bT, O i=1..,N @)
h=1
a _ district =§a‘.x‘i O j=1l..M ®)
ia_districtj
a=12 €)
M
>x = 0 i=1..,N (10)
j=1
X +tx,<1 0O (,kU0OE j=1..M
GLKWOE iif =0 0O i=1..N k=1..N (11)
X +%,<1 0O (,k0OD, j=1..M
, GKOD iif d.>d, O i=1..N k=1..N (12)
x 0{od O i=1..N j=1..M (13)

5.5.2. Second scenario

It is possible that the decisions-makers choodmltance
the districts according to the two parts of the kiaad
i.e. the travel time and the “care” workload. Conse
quently, it is necessary to assign to each paremht
that reflects its importance compared to the offet.
We then formulate the objective function as thegitsd
sum of these two parts. This scenario correspamdset
following integer linear model:

The
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Minimize B. max |a_ district | - 5|
j=l,...
+@1-Ba. maxh X X,) (14)
=L.M;i=LLN; k=L N
s.to
a, =3 Nor,b,T, O i=1.,N (15)
a_district, :iai.xij 0 j=1..M (16)
ia_district i
a=zit 17)
M

M
dx =1 0 i=1..N (18)
=
X, +x <1 O (,K)OE, j=1..M
LKWOE iif =0 O i=1..N k=1..N (19)
x0{of O i=1..N j=1..M (20)

The analysis of the different constraints setshef ¢ec-
ond model is the same as for the first one (coimstsets
(15), (16), (17), (18), (19) and (20)) expect foe Dbjec-
tive function defined as the weighted sum of the tw
indicators that correspond respectively to the mmacxn
deviation of the district “care” workload from tlaver-
age “care” workload and the maximum travel time be-
tween two basic units within the same district.

5.5.3. Third scenario

In the two previous scenarios, we model the cadesav
the main objective is to minimize the maximum devia
tion of the “care” workload from the average “care”
workload. However, the managers could prefer dedni
a tolerance interval that insures that no distfozre”
workload may deviate from the average “care” woaklo
by more than a pre-specified percentageThe choice
of this type of constraints can be explained by feet
that the indivisibility of basic units makes therfeet
balance of “care” workload very difficult. The qitglof
the results depends on the tolerance interval chbge
the HHC managers. In this scenario, the travel time
considered, as in the second model, in the obgétinc-
tion (21) which consists in minimizing only the niax
mum travel time between two basic units within the
same district, the “care” workload equilibrium begin
considered in the constraints sets (27) and (2Bgsé&
constraints represent the conditions related tonthe-
mum and maximum allowable “care” workload within

each district as a percentageaofThe analysis of the
different constraints sets (22), (23), (24), (226) and
(29) of the third model is the same as for the sdame.

inimi | X X 21
Minimize a . max k:lmN(d,k.xJ.xq) (21)
sto
a:iquh.bh.Th 0 i=1..N (22)

h=1
a_districtj:ZN:ai.xij o j=1...M (23)

ZM: a_ district |

S. & (24)
M

Yx =1 O i=1..N (25)

=1

X, +x, <1 0 (,kOE, j=1..,M

(,KOE iif =0 0 i=1..N k=1..N  (26)

(l-r)a<a_distict, O j=1..,M (27)

a_district, <(+7)a O j=1..M (28)

x; 0{0} DO i=1.,N j=1..,M (29)

6. MODEL'S EXTENSION
6.1. First extension

In the three scenarios, we have not separateditfes-d
ent profiles when we have calculated the “care” kwor
load. However, important gaps between the workload
related to these different profiles may exist. @Gons
quently, they can influence the productivity of ttis-
tricts differently. This difference explains thecessity
of considering them separately. To do this, itngor-
tant to enumerate all the profiles treated by tbhené
health care structure and after that sort themrdaug to
the importance of their relative “care” workloady Bo-
ing this, we give the decisions-makers the oppattuo
treat the profiles differently: for the first past the pro-
files, we minimize the maximum deviation of the rea
workload while for the second one, we define tHerto
ance interval depending on the decisions-makeefepr
ences.

In the following model, we apply the method of ples’
distinction to the first scenario. Note that thistishction
could be applied to the two others scenarios.

In this model, h* represents the profile whose &ar
workload must be within a predefined interval, thst
why the balance of the h*'s “care” workload is cimhs
ered as a hard constraint in this model. Howeues, t
“care” workload related to the other profiles (/)his
balanced in the objective function due to the fhat this
imbalance could conduct to a large inequity betwien
district workload.

All the other constraints sets of this model amilsir to
the ones used in the first one.
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Apart from the profiles, the “care” workload varias-
cording to the care providers’ specialities. Simhjlato

the profiles’ distinction, it would be also possbto
separate the various specialities and to model ttigm
ferently (objective function versus hard constrgiimt

order to respond to the priorities relative to thierent
care providers’ specialities.

Minimize _n;aﬁ‘a_district e —a (30)
ji=1,...,
s.to
y
a/lb*= Y Nor,b,T, O i=1.,N (31)
h=1,h#h*
a;,. = Nbr,..b,. T O i=1..,n (32)
N
a_district;,, =Y &%, O j=1..M (33)
i=1
N
a_district ;. => @, O j=1..M (34)
i=1
y a _ district .
a—:;l - e (35)
h* M
ia district
ﬂ: - jiim 136
M
ZM:XU =1 o i=1.,N (37)
X +x,<1 O (iL,KOE, j=1.,M
GKOE iif =0 0 i=1..N k=1..N (38)
X, +x,<1 O (,k)OD, j=1.,M
@,kOD iif d,>d_ O i=1..N k=1..N (39)
(@-7)am <a_district ,. O j=1..,M (40)
a_district ,. < +7)a, O j=1..M (41)
x,0{o} O i=1.N j=1..M (42)

6.2.Second Extension

One of the most important challenges of the honadthe
care is related to the continuity of care. Inddeds de-
fined by (Woodwardet al, 2004) as the degree with
which the formal (medical and paramedical) and rinfo
mal (delivered by the caregivers) cares are dedivday a
sequence of coordinated and uninterrupted activitiat
convince to the patients needs. Thus, the patsmsld
be treated by the same care provider (or a setadd c
providers) during their stay within the HHC struetu
Consequently, when a home health care’s partit®on i
revised, it is necessary to limit the changes &f #s-

signments of each basic unit to different distriftis a
period of few years. To do this, we need to usedyne
namic programming by replacing the decision vagabl
set ) by another one that integrates the time dimension:

_[1 if basicunit i is assignedto districtj in yeart (43)
)Q‘_{O otherwise
Two other parameters must then be considered:
¢ L: the maximum number of changes permitted.
« S: the time horizon for the districting decision.
We then add to the previous models the following-co
straints set:

M S

2

i=1

X <L
i=1

Thus, the main purpose of the section five andgis to
propose a general approach for designing a predeter
mined number of compact, accessible and balanced di
tricts according to the “care” workload and thevéia
time. In this approach, we formulate the distrigtjprob-
lem in different ways. This helps the managersdsigh
balanced districts according to their prioritiest lalso
give them the possibility to separate the differgmfiles
and/or the different care providers’ specialitiesdéd on
their corresponding workload. Finally, we propoke t
possibility of adopting the dynamic programmingan
der to respect the continuity of care by limitiniget
changes in the partitions proposed for a horizoffeaf
years.

7. CONCLUSION

In this paper, we present an analysis of the liteeare-
lated to the districting problem and propose asifias.-
tion of the different criteria considered. Furthemsm we
focus on the districting problem applied to the leom
health care structures by modelling it in differamys in
order to allow the managers to design the distréats
cording to their priorities.

This partitioning permits the reduction of the &htime
and the increase of the proportion of time alloddtethe
direct care. Despite this, the fact that each paoeider
is responsible of one specific district allows himbe
more familiar with his patients and also improves th
work conditions which results on a greater perfaroea
and a better motivation. However, according to (icth
et al, 2006), the shortcoming of this approach is that i
can create a workload imbalance between care provid
due to the difficulty to predict the fluctuationg the
demand. These fluctuations can be related to thagsh
of the patients’ home, the evolution of their atiali con-
ditions, the arrival of new patients or the exit safme
patients (death or recovery), etc.

This inequity would lead to the non uniformity dfet
services delivered since each care provider adjoists
work according to the number of patients he musit.vi
In order to alleviate the shortcoming of this stat
decision, it is important, at the tactical leved, adjust
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periodically the number of the human resourcesh® t
variation of the demand within each district. Ferth
more, the assignment of patients to the human ressu
at the short level must take into account their kiaad
related to the cares needed by the patients alraaey
signed to them.

To strengthen more this alleviation, we can petmithe
care providers, when there are urgencies, to paients

in the neighbouring districts when neither the refee
care providers nor the other ones that are workintpe
district where the patient lives are available. ther-
more, this also encourages the collaboration betwee
multidisciplinary teams working in different distts.
The home heath care structure can also, as prognsed
(Lahrichi et al, 2006), opt for creating a surplus team
working in all the districts.

All these propositions would conduct to solve thelp
lem of workload imbalance between care providerd an
also the non uniformity of the quality of care wiigust
not depends on the particular district to which tee
tients belong but only on their needs in such a tiey
all the patients could receive services of the sguadity
level.

We also remember that the main purpose of this werk
to offer to the decision-makers different possiigit to
model the districting problem. The next step o$ twiork
would be to propose an approach to solve realricsts

as these mathematical formulations are known as NP-

hard which explains the necessity of developingaris-
tic approach to solve real instances.

Finally, we must keep in mind that the use of altau-
tomatic procedure is not possible due to the fhet t
some criteria are very difficult to quantify. Detgpthis,
the importance of the human factor in the hometheal
care context necessitates a continuous interaatitim
both the decision makers and the care providers.
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