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This paper deals with the home health care services. The home health care services are defined as a set of medical, paramedical and social services delivered to patients in their domicile rather than in hospital. In this paper, a new Mixed Integer Linear Programming (MILP) model is proposed to make a planning for a home health care problem. The model is optimizing routes and rosters for the health care staffs, while problem specific constraints are satisfied. This model integrates an original concept related to the human behavior (e.g. patient behavior). The MILP model is solved using the commercial optimization software Ilog-Cplex of IBM. Computational results on several benchmarks, generated from a real living-lab (GIS MADONAH) in Bourges (France), proved that the proposed model can solve real large-sized problems within acceptable computational time.

INTRODUCTION

The hospital system is facing several problems. Some of them are related to operating rooms management and planning [START_REF] Kacem | Classement des techniques de solution pour le problème d'ordonnancement réactif dans la salle d'opération[END_REF], doctors and nursing schedules, care demands of hospitalization, pressure in the hospital when several patients arrived simultaneously (e.g. problems of management, resources availability) [START_REF] Ajmi | Système d'Aide à la Gestion et à l'Anticipation de la Tension dans les Hôpitaux[END_REF], durations of stays which are often unknown in advance, and so on. However, in order to shorten the hospital stay times and improve access to care services, while the demand of hospitalization is still increasing, several alternatives to hospitalization were proposed over the past fifty years. One of these alternatives is the Home Health Care (HHC) structures. They consist on providing medical or paramedical services in the patient's home. The main factors of its appearance are:  Economic factors, where the aim is to control costs, safe the quality of healthcare services and reduce the overcrowding of hospitals.

 Social factors, which are related to the increase in life expectancy, the aging population and the development of several chronic diseases.

The alternative of the HHC aims to reduce health costs and satisfy patient. This alternative is complex due to the integration of the patient's home in the supply chain of care, the diversity of its activities and the multitude of uncertainties which are related to the care process (i.e. demand, new state of patient, journey times, durations of care, and so on).

Over time, this area arouses the curiosity of several researchers in the field of industrial engineering and operations research. The HHC's problematics is dividing into two classes as proposed in [START_REF] Redjem | Aide à la décision pour la planification des activités et des ressources humaines en hospitalisation à domicile[END_REF]. These classes are organized around two categories of decision making, including decisions on the implementation of patient care and on organizational decisions. The decisions of organizational types have been divided into three different levels of decision [START_REF] Bashir | Litérature review in Home Care, 9th International Conference of Modelling and Simulation (MOSIM)[END_REF]. The first level is strategic one, it defines the long-term decisions taken by the leaders of the institution. Other, it presents the objective of the HHC. The second one is tactical. It is defined by the decisions of the middle managers to do work for the strategic management decisions. The third one is operational. It traduces all the decisions on the personal organization, which are defined by the scheduling care planning activities, nursing visits, stock management... Besides, on a set of existing models from literature, some researchers identified in [START_REF] Gayraud | A new mathematical formulation for the home health care problem[END_REF] a set of characteristics related to resources, patients and criteria. First, the characteristics related to resources include the types of resources (doctor, nurse, physiotherapist, ...), the preferences of the patients, of resource breaks (e.g. lunch breaks), unavailability of resources (e.g. predetermined work schedule), the regular resources (regular care of a patient), the mode of transport (public transport, private car, bicycle, ...), the maximum workload, the qualification of resources and the contract type (full or parttime). Secondly, characteristics related to patients include the availability of patients (e.g. one or more visits per day), the level of dependence (e.g. patient in bed, wheelchair...), the order of activities and the synchronization of activities when one or more treatments require multiple resources.

daily schedule of home health care that minimizes the resources workday durations. This paper is organized into five sections. After the introduction, section 2 is devoted to literature review on scheduling resources planning in HHC problems. Section 3, presents the MILP model. An illustrative example and some experimental results are given in section 4. Section 5, concludes the paper and presents some issues for future research.

II. LITERATURE REVIEW

In [START_REF] Redjem | Aide à la décision pour la planification des activités et des ressources humaines en hospitalisation à domicile[END_REF], Redjem propose a new classification of HHC problems. In his classification, he defined three classes of HHC problems: geographical partitioning and allocation of human resources ( [START_REF] Angelis | Planning Home Assistance for AIDS Patients in the City of Rome, Italy[END_REF], [START_REF] Lahrichi | Analysis of a territorial approach to the delivery of nursing home care services based on historical data[END_REF], [START_REF] Blais | Solving a Home-Care Districting Problem in an Urban Setting[END_REF]), allocation and scheduling of resources tours ( [START_REF] Begur | An Integrated Spatial DSS for Scheduling and Routing Home-Health-Care Nurses[END_REF], [START_REF] Eveborn | Laps Care--an operational system for staff planning of home care[END_REF], [START_REF] Bertels | A hybrid setup for a hybrid scenario: combining heuristics for the home health care problem[END_REF], [START_REF] Borsani | Home care scheduling model for human resources[END_REF], [START_REF] Thomson | Optimization on home care[END_REF]), and scheduling of resources tours ( [START_REF] Akjiratikarl | PSO-based algorithm for home care worker scheduling in the UK[END_REF], [START_REF] Chahed | Modélisation et analyse de l'organisation et du fonctionnement des structures d'hospitalisation à domicile[END_REF], [START_REF] Steeg | A Hybrid Approach to Solve the Periodic Home Health Care Problem[END_REF]).

By analogy with vehicle routing problem with time window, B. Bachouch et al. [START_REF] Bachouch | Planification des tournées des infirmiers dans une structure de soins à domicile[END_REF] proposed a mixed integer linear programming model while specific constraints, such as availability of patients, resources lunch breaks of and number of visits of the same resource at the same patient, are considered. They aim to optimize the sum of the resources travelling times.

In the same context, Bräysy et al. [START_REF] Bräysy | An optimization approach for communal home meal delivery service: A case study[END_REF] were interested on the planning of tours for delivery meal for patients hospitalized at home in a Finnish region and to solve their model, they used a "local search" heuristic.

Then, Redjem et al. [START_REF] Redjem | ordonnancement des activités en HAD avec prise en compte de la coordination des soins, J D Macs journées Doctorales Macs[END_REF] supposed that the horizon time of planning of resources tours is one day and optimize several criteria: the distances covered by the resources, wait times between visits from the same patient, while the order of visits for a patient is considered. Moreover, they suggested two approaches based on linear mixed integer programming approach to model their problem.

Gayraud et al. [START_REF] Gayraud | A new mathematical formulation for the home health care problem[END_REF] propose a new mathematical formulation of the home care scheduling problem; they consider patients' level of dependence and the qualifications of resources. Their model is solved for a sample of small and medium sizes. In [START_REF] Gayraud | A new mathematical formulation for the home health care problem[END_REF], the same authors used their previous model, removed the criterion about the dependence of patients and added new constraints related to the synchronization of activities.

Liu et al. [START_REF] Liu | Heuristic algorithms for a vehicle routing problem with simultaneous delivery and pickup and time windows in home health care[END_REF] developed a model which aims to find a set of k roads, of minimum cost to serve the demand, whose delivery drug to patients from the hospital pharmacy and pick up blood sample to the medical laboratory, the patient availability and the maximum capacity of the vehicles are considered as criterions.

Cappanera and Scutella [START_REF] Cappanera | Joint assignment,scheduling and routing models to home care optimization : a pattern based approach[END_REF] also provide an integer linear program. Their goal is to balance the workload of staff and reduce their waiting time between two consecutive visits. The considered planning horizon is a week. The authors addressed the concept of pattern in their model in order to plan multiple patients visits during the week. This can be reached by assigning one or more resources and other criteria, such as the compatibility with the patient's needs and qualification of the resources.

Thi Viet Ly and Montemanni [START_REF] Viet Ly | Scheduling and routing in home health care service[END_REF] proposed a mixed linear model to find the best schedule, while minimizing costs related to violations of time windows for patients and overtaking of working hours of the nursing staff. They consider balancing the workload of staff. However, Issaoui et al. [START_REF] Issaoui | new multi-objective approach for the home care service problem based on scheduling algorithms and variables neighborhood descent[END_REF] developed a multi-objective mixed integer programming mathematical model which deals are: the increase of patient satisfaction and the number of health interventions and the decrease of the care interventions costs. To solve their problem, the authors used a three phases approach.

Lanzarone et al. [START_REF] Lanzarone | A cardinality-constrained robust model for the assignment problem in home care services[END_REF] developed an allocation model with robust cardinality-constraints which exploits the potential of a mathematical programming model without generating scenarios. This model has been tested in instances from an Italian home care structure and the authors evaluated its ability to reduce the costs of nursing time extensions.

En-Nahli et al. [START_REF] En Nahli | La planification quotienne dans une structure d'hospitalisation à domicile avec prise en considération du facteur humain[END_REF] have developed a daily tours planning of health personnel based on mixed linear programming model, ensuring patient satisfaction in controlling costs. They took into account the preferences related to patients, essential for making better decision.

Another class of models based on the scheduling problems of resources tours with the consideration of the uncertainties in the workload of staff and in the number of treated patients is presented by Koeleman et al. [START_REF] Koeleman | optimal patient and personnel schedulling policies for care-at-home service facilities[END_REF]. The authors handled the uncertainty in representing the entire system as a Markov chain. They developed a policy for admitting patients in the HHC structure. Moreover, they considered that the problem of assignment nurse-patient, continuity of care and the demand are uncertain. Then Lanzarone et al. [START_REF] Lanzarone | Operations management applied to home care services : The problem of assigning human resources to patients[END_REF] approached the home care scheduling problem with stochastic programming based on the generation of a large number of scenarios. This approach has proven to be limited even though they have provided an improvement in the quality of the assignments developed by the HHC in practice.

In this paper, we focus on the latter two classes presented by Redjem [START_REF] Redjem | Aide à la décision pour la planification des activités et des ressources humaines en hospitalisation à domicile[END_REF] and we propose a new MILP model integrating human behavior (i.e. the patient behavior). This model is presented in the following section.

III. MODELLING THE HOME HEALTH CARE PROBLEM WITH SPECIFIC CONSTRAINTS

The proposed model is an extension of the model of multiple travelling salesman problems with time windows M-TSPTW. We consider a set P of i patients needing health care at home, ( iP  ) and a set R of k resources ( kR  ) afford health care at the patient home in a given time windows [b i , e i ]. We introduce two fictive patients"0", "A+1" which define the starting and the ending node of the HHC structure (A is the total number of patients). The duration of health care in these nodes is zero and their time windows represent the time of opening and closing of the HHC structure.

Note 1: it is assumed here that the HHC structure is open 24h/24h and 7/7d, as considered by the legal structures of HHC [30], (Thus: the parameters e 0 and e A+1 are fixed to 24 while the parameters b 0 and b A+1 are fixed to 0).

A. Assumptions

Without loss of generality, it is assumed here, that:

(A1) Resources are working in the same geographical area and can operate in the entire territory of the patients.

(A2) Each patient needs a set of services (e.g. care) and each services defined in a time windows.

(A3) Resources are working on full time.

(A4) Each resource starts and finishes its working day in HHC structure.

(A5) Each patient is unavailable at least for one time windows.

(A6) One day (24 hours) is the considered planning horizon.

B. Parameters

In the following section, will be used the following notation: 

A

C. Decision variables

The model decisions variables are defined as follows:

x ijk Assignment decision variable, x ijk = 1 if the resource k visits the patient i before patient j, and 0 otherwise. 

y

D. Formulation of the problem

We made a mathematical model based on mixed linear programming for the organization of home health care activities.

The objective function of our formulation given as below is to minimize travel time of each resource until his return to depot of HHC structure.

Minimize 1, 1 R Ak k Dz     (1) 
Subject to :

0 , A ijk jk i x Assign    1, 1, , AR jk     (2) 1 1 
,

A ijk ik j x Assign     1, 1, , AR ik     (3) 0 1 1, A jk j x    1, R k  ( 4 
) ( 1) 1 1, A i A k i x     1, R k  (5) 1 01 , AA ilk ljk ij i l j l xx      1, 1, , AR lk     (6) 1 , R kri ik r y Assign    0, 1 1, , AR ik      (7) 1 , R kri ir k y Assign    0, 1 1, , AR ir      (8) 1 1 1 1, R R R kri ik r k k y Assign        1, A i  (9) 0, kki y  0, 1 1, , AR ik      (10) 0 0, kr y  1, 1, , RR kr     (11) 
( 1) 0,

kr A y   1, 1, , RR kr     (12) 00 , k zb  1, R k  (13) 
,

ik i zb  1, 1, , AR ik     (14) 
,

ik ik i z c e  1, 1, , AR ik     (15) 0, ik z if  0, ik Assign  1, 1, , AR ik     (16)   1 . , jk ik ik ij ijk z z c d x M      0, 1, 1 1, ,, A A R i j k        (17)   1 . , ir ik ij kri z z d y M     1, 1, , , , AR i j k r     (18) 
.,

ik pi ik ipk z unavailability c v M    0, 1, , , AR ik     1, , 0 p Maxunavailability unavailability    (19)   1 . , ik pi pi ji ipk z unavailability dunavailability d v M      0, 1, 1, 1, ,, A A R i j k        1, , 0 p Maxunavailability unavailability    (20)
Constraints ( 2) and ( 3) ensure that each patient is visited by a number of requested resources for care delivery. Constraints ( 4) and ( 5) force the routes to start by the fictive activity "0" and finish by the fictive activity "A+1". The constraint [START_REF] Angelis | Planning Home Assistance for AIDS Patients in the City of Rome, Italy[END_REF] ensures the conservation of the flow. Constraints ( 7), ( 8) and ( 9) ensure that each resource has to visit all the patients that are assigned to it. Constraints ( 10), ( 11) and ( 12) make sure that the resource does not come twice in succession at the same patient; all resources start and finish their activities with the depot of HHC. Constraint [START_REF] Thomson | Optimization on home care[END_REF] forces all resources to start their date of work with the depot, it represent the first time for the opening of the HHC structure. Constraints ( 14) and ( 15) assure that all activities are completed during the time window. Constraint [START_REF] Steeg | A Hybrid Approach to Solve the Periodic Home Health Care Problem[END_REF] fixes to zero the start date care activity, when a patient is not assigned to a resource. Constraint [START_REF] Bachouch | Planification des tournées des infirmiers dans une structure de soins à domicile[END_REF] expresses the start date of care of resource k at patient j knowing that he arrive from patient i. Constraint [START_REF] Bräysy | An optimization approach for communal home meal delivery service: A case study[END_REF] expresses the start date of care of resource r at patient i knowing that the resource k has visited the patient i just before him. Constraints [START_REF] Redjem | ordonnancement des activités en HAD avec prise en compte de la coordination des soins, J D Macs journées Doctorales Macs[END_REF] and [START_REF] Redjem | Aide à la décision pour la planification des activités et des ressources humaines en hospitalisation à domicile[END_REF] ensure that resources are passed before or after the patient's unavailability.

IV. COMPUTATIONAL RESULTS

This MILP model is solved using a commercial software ILOG-CPLEX Optimization studio of IBM, on Toshiba computer with Intel® Core™ i3-4012Y CPU@ microprocessor, a 1.50 GHz frequency and a 4Go of memory.

In the following subsection, we propose to illustrate our approach with a simple example.

A. Illustrative exemple

In this example, we consider 5 patients (P1, P2, P3, P4, P5) suffering from different diseases. These patients require different cares and 5 different resources (R1, R2, R3, R4, and R5). The patients-resources assignments are given in Table I.

TABLE I. ASSIGNMENT PATIENT-RESOURCE R1 R2 R3 R4 R5 P1 1 0 0 1 1 P2 1 1 1 0 1 P3 1 1 0 1 1 P4 1 0 1 1 0 P5 1 0 1 1 0
The travel duration between each pair of home patients is given by the Table II. Note 2: -The depot is the HHC structure. In table V, we present the dates of unavailability of each patient and their durations, defined by the behavior of each patient. We assume in this example that the maximum number of unavailability doesn't exceed 2. The obtained Results are reported in table VI. The first line presents the timetable of the resources departure from the HHC structure. While the last line gives the timetable of their comeback to the HHC structure. The other lines define the starting dates of cares for each patient. This timetable is illustrated by Fig. 1. These results show that resources respect the unavailability of patients. Moreover, all the resources start and end their day with the HHC structure and all the patients don't have a care synchronized (the resources do not arrive at the same time in the patient home).

In this diagram, the unavailability of patients is shown by black rectangles and the other rectangles shown the resources treatments duration at patient homes. For example, the tour of the resource 1 is; the depot then, patient 2, patient 4, patient 3, patient 1, successively, and to finish filing the HHC structure. The visiting order in patient 2 is; Resource 1 then 2, 5 and 3. These visits are divided in two phases, since resources 1 and 2 come before the period of unavailability and 5 and 3 after this period. Moreover, we can notice that resource 2 arrives at patient 2 at the end of the duration of treatment made by the resource 1.

The data used for simulations are derived from studies of Elderly people behavior at GIS MADONAH of Bourges. It is assumed that the number of the resources is limited to 5, and the unavailability per patient is varying between 1-2. The results are for instances with a number of parameters varying from 441 to 1941 (binary and integer variables) and a number of constraints varying from 1297 to 9025 constraints. All of these examples were solved to optimality in less than 6 seconds (see Table VII). It is important to notice that the simulation time is increasing proportionally with the problem size. In fact, when the number of variables is 441, the time of simulation is about 1140ms and when the number of variables comes to 1941, the time of simulation remains between 1140 and 5460ms. In other words, the complexity of the problem increases with the problem size. Nevertheless, all the considered problems were solved to optimality in few seconds, which shows the efficiency of the model and the choice of the approach used to solve it.

V. CONCLUSION AND PERSPECTIVES

In this paper we have presented a mixed integer linear programming model for solving a daily resources planning problem among home patients (HHC problem). This MILP model was implemented using a commercial software Ilog-Cplex of IBM, and a large set of numerical experiments was carried out for a set of real-data. The obtained results show the effectiveness of the proposed approach.

For future research, several extensions of this MILP model have to be considered, such as the inclusion of resources behavior and resources synchronization constraints in addition to the aspect of uncertainty due to unexpected events.

Fig. 1 .

 1 Fig. 1. Graphic timetable of the illustrative example.

  C.P.U. (Computational time to reach the optimal solution, given in milliseconds) b. C. (Number of constraints of the model) c. V. (Number of variables of the model) d. O.F. (The value of objective function) e. Max U. (Maximum number of unavailability) f. Max Assign. (Maximum of number of assignment resources to patient )

  kri Assignment decision variable. y kri = 1, if the patient i is visited by the resource k before r, and 0 otherwise.

	v ipk	Assignment variable. v ipk = 1, if the resource k visits
		the patient i after his	p	th	unavailability and 0
		otherwise.		
	z ik	Start date of the care of the patient i by the resource k.

TABLE III

 III 

		.	DURATION OF CARE (IN MINUTES)	
		R1	R2	R3	R4	R5
	P1	30	15	12	12	27
	P2	15	12	18	15	12
	P3	12	18	12	12	27
	P4	18	12	27	15	12
	P5	18	12	27	12	24

Table

  IV report the time window data for patients and HHC structure.

TABLE V

 V 

		.	DATE OF UNAVAILABILITY	
		P1		P2	P3	P4	P5
	Date of unavailability					
	1	9:15:00 9:00:00 8:45:00 8:15:00 8:30:00
	Duration of					
	unavailability 1	21mn	45mn	30mn	30mn	15mn
	Date of unavailability					
	2						9:15:00
	Duration of					
	unavailability 2						15mn

TABLE VII

 VII 

				.		RESULT OF TEST INSTANCES	
	N	A	R	Max Assign	U	C	V	C.P.U	O.F.
	1	5	5	1	1	1300	441	900	4.9
	2	5	5	1	2	1325	441	960	4.9
	3	5	5	2	1	1298	441	1370	5.85
	4	5	5	2	2	1323	4441	1400	5.9
	5	5	5	3	1	1297	441	1430	7.15
	6	5	5	3	2	1322	441	1140	7.4
	7	10	5	1	1	4250	1066	1420	8.15
	8	10	5	1	2	4300	1066	1150	8.15
	9	10	5	2	1	4248	1066	1140	9.25
	10 10	5	2	2	4298	1066	1600	9.25
	11 10	5	3	1	4247	1066	1570	9.6
	12 10	5	3	2	4297	1066	1670	9.6
	13 15	5	1	1	8950	1941	1850	9.8
	14 15	5	1	2	9025	1941	1670	9.8
	15 15	5	2	1	8948	1941	1140	10.8
	16 15	5	2	2	9023	1941	1840	10.85
	17 15	5	3	1	8947	1941	4810	10.9
	18 15	5	3	2	9022	1941	5460	10.95
	a.								

This paper deals with Home Health Care (HHC) planning resources. The proposed approach consists in elaborating a Mixed Integer Linear Programming (MILP) model to find a This work is sponsored by the ANR Research Project: PERFECT.
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