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Introduction

In France according to the Article L. 116-1 to 116-4 of the Social and Family Code, the social and medico-social sector should promote autonomy, protection and avoid the exclusion of people with disabilities. To achieve this, the activities proposed by the government to a person must be adapted to the person's needs. Decision-making in the orientation process of people with disabilities requires assistance.

The orientation process in France is carried out by the departmental office of people with disabilities, as follows: A person with disabilities (PD) makes an accompanying request to the departmental office of people with disabilities, a multidisciplinary team (MT) analyses the request and proposes a list of social and medico-social institutions (SMIS) appropriated to the person's needs. Currently, the orientation provided by the MT to a PD focuses on giving a list of institutions that are more or less adapted to the person's needs.

According to the law, from the moment when a person makes a request until a proposal is sent, the process should not take more than 4 months. Some studies [START_REF] Cnsa | Dixième année de mobilisation : les MDPH engagent leur transformation[END_REF] show that, in France, in more than 50% of cases, it takes more than 4 months. Moreover, studies show that from the moment when a person receives a proposal until real admission to an institution, the person can be put on a waiting list for more than one year [START_REF] Mdph Calvados | Étude des situations en liste d'attente dans les SAVS et les SAMSAH[END_REF].

During the time that the person remains on the waiting list, without accompaniment, his/her situation may worsen and the proposal made by the MT may not be adapted any more at the time the person is admitted to the institution.

The government has developed several missions which point out some of the most important problems of this orientation process [START_REF] Piveteau | Zéro sans solution » : le devoir collectif de permettre un parcours de vie sans rupture, pour les personnes en situation de handicap et pour leurs proches[END_REF]. The main problems that can be withheld from these reports are: (a) Places created in the medico-social sector are not fully adapted with the real need of PD, since there is a lack of tools for analysing the people's needs. (b) Services proposed by institutions may not be adapted to the real person's needs. One of the reasons is that institutions are categorized by types of handicap; (c) Not considering the availability of resources in institutions can lead people to stay on a waiting list for a long time. This wait may worsen the situation of the person and the proposed response will not be adapted to their needs any more. (d) The increase of young adults who stay in a place for children, because they do not have a proposition of adapted places to their situation and these people cannot be left without accompaniment. This practice mobilizes resources that should be dedicated to other needs.

The model proposed in this paper comes from a previous work that analyses and understands the orientation process [START_REF] Varela | Managing the accompanying path of people with disabilities in a medico -social network: a method to create a process model based on autonomous actors point of views[END_REF]. This analysis is based on the process modelling with all its actors and the interactions between them. This process model allowed identifying the lack of information on the offer of services in a territory, especially when the MT proposes an assignment for the person. It highlighted major elements, which have to be considered when creating an assignment adapted to the needs of the person. Instead of trying to find a place for a PD in one single institution, we propose here to study the attribution of a list of services provided by one or several institutions to answer the needs of a PD. The objective of this work is to create an optimization model to help MT to propose the most accurate list of medico-social services adapted to the needs of each PD. This list has to find the maximum coverage of PDs' needs, according to the existing service offered by the institutions and the resource availability. Ideally, all needs may be covered, but a partial assignment can be proposed to avoid having PD without accompaniment. This paper begins with a literature review on the assignment methods and the relationship with the case study. Subsequently, we present the assumptions considered in the model. We conclude with a presentation of the model and an analysis on the experimentation carried out, in a case inspired from field reality.

II. Literature review

The main objective of this work is to propose to a PD with several needs, an adapted list of services of medico-social institutions, while respecting a certain set of constraints. The model presented in this paper is part of the family of combinatorial optimization problems, specifically to assignment problems, where the aim is matching agents, maximizing or minimizing a specific objective function, subject to costs [START_REF] Gass | Encyclopedia of Operations Research and Management Science[END_REF], [START_REF] Korte | [END_REF]. If we look at the detail of our problem, we can consider it as a multidimensional assignment problem (MAP), since we are interested in creating a correspondence with several dimensions [START_REF] Burkard | Linear Assignment Problems and Extensions[END_REF]. This problem is to NP-hard.

Bearing in mind that the current demand for medico-social services exceeds the availability of services, it is clear that not all people with disabilities will have a total response to their needs. This type of situation may be connected with the order acceptance and scheduling decisions in make-to-order systems, Order Acceptance and Scheduling problem (OAS) [START_REF] Og˘uz | Order acceptance and scheduling decisions in maketo-order systems[END_REF]. The OAS problems seek to accept the orders that maximize the profitability, in a fixed period of time, determined by production scheduling. In our case, the idea is to maximize the number of disabled people accepted in the system with a complete assignment to their needs, based on the best scheduling of the services assigned to the group of people accepted.

The problem of the assignment of services to disabled people is linked with the problem of scheduling with parallel machines [START_REF] Yoo | Parallel machine scheduling with maintenance activities[END_REF], [START_REF] Györgyi | Approximation schemes for parallel machine scheduling with non-renewable resources[END_REF]. In this problem, a job can be performed in different machines, with the differentiation of time processing and resource consumption given the characteristics of the machines. In our problem, machines are represented by services (different services that can be assigned to respond different needs, with a different impact on needs, given the services characteristics) and the jobs, are represented by the needs of the people (each need requires an assignment, given the situation of the person).

A first scientific contribution of this study is the possibility of proposing one or several services to a person, while these services are offered to other people in the same time that (in parallel). These types of problems can be associated with divergent production systems with co-production (i.e. production of different products at the same time from a single product input) when alternative production processes are available [START_REF] Gaudreault | Combined planning and scheduling in a divergent production system with co-production: A case study in the lumber industry[END_REF]. In the case study, one service can be assigned to several PD according to the resources available in the institution to perform the service. This type of problem can be associated with the production scheduling problem with nonrenewable resources [START_REF] Arroyo | Scheduling unrelated parallel batch processing machines with non-identical job sizes and unequal ready times[END_REF].

Finally, an important scientific contribution is the application of operations research methods in the medicosocial sector (the application of well-known methods in a new sector). It is necessary to highlight the few studies in the medico-social sector, where the benefits of orienting a person to several institutions are studied [START_REF] Osorio | Multi-criteria assignment policies to improve global effectiveness of medico-social service sector[END_REF]. A recent study tackles the problem of elaborating optimized action plans in order to improve the overall management efficiency of medico-social institutions, and confirms the lack of use of operations research in the sector medico-social [START_REF] Chabane | R 2-IBMOLS applied to a practical case of the multiobjective knapsack problem[END_REF]. However, we find in the literature more and more research in the field of elderly people [START_REF] Liimatta | Effects of preventive home visits on older people's use and costs of health care services: A systematic review[END_REF], and in the health sector [START_REF] Maenhout | An integrated nurse staffing and scheduling analysis for longer-term nursing staff allocation problems[END_REF].

III. Modelling

A. Assumption and notation

The proposed model has the following sets: SP is the set of P people who looking for an orientation; SN is the set of N standard needs; SS is the set of S standard services; SI is the set of I institutions in a given territory and; SR is the set of R resources that can be used in a service.

A person p ∈ SP is characterized with various needs. Every need n ∈ SN should receive a response with one or more services. The main objective of the assignment model is to propose to each person p a list of medico-social services that are adapted to their needs. To manage this assignment, a need n could be complied with different services s ∈ SS. Those services are able to give response to different needs in the same time. A service s is proposed by an institution i ∈ SI. The Institution i has got available resources to offer its services. Proposed services must respect the availability of each resources r ∈ SR. Fig. 1 describes the links between all indexes.

Fig. 1.Entities of the model

In order to fulfil this objective, the following assumptions are defined.

A1:

We assume there are: (1) a standard list of needs, representing all the possible needs that a person with disabilities can have; (2) and a standard list of medico-social services which represents all the medico-social services that can be offered to a person. This assumption is based on the current situation, since today the French government created these lists for the medico-social sector, which must be integrated in our case [START_REF] Cnsa | Ministère des Affaires sociales et de la Santé[END_REF]. Based on assumption A1, the following assumptions are proposed according the information needed in the model.

1) Assumptions related to people with disabilities (PD)

A2: A team evaluates the situation of each PD and determine his/her needs and the criticality of each need. The way to present this information is based on a point system with a scale ranging from 0 to 10, where 0 means that the PD does not have the need and 10 means that the need is at its most critical level and requires more attention, time and resources. Table 1 shows an example where the person 2 has the needs 6 and 9, respectively with 5 points (average criticality) and 9 points (highest criticality).

Notation in the model: 𝑵 𝒑,𝒏 is the number of points that services must accumulate to answer the need n of the person p. A3: Each person has limitations in relation to the institutions that may come to propose him/her. Notation in the model: 𝑫𝑻 𝒑 is the maximum distance tolerated by person p, from his reference address to an institution. 𝑰𝑻 𝒑 is the maximum number of different institutions that the person p tolerates in a proposed assignment. 2) Assumptions related to services We assume that the characteristics of each service are known beforehand.

A4:

A service can contribute to answer one or several needs with a certain number of points. This number of points is represented by a scale of 0 to 10 points, similar to the scale used for the needs of the person. Effectively if a service contributes to 10 points means that the service is very specialized in that need and 0 if the service does not contribute to the need at all. A contribution of this work is to propose to the person one to several services to answer a need, at the same time that these services can contribute in the answer of other needs. For example, person 1 requires 5 points to have coverage of his/her need 13 (see Table 1). This need can be covered by a single service such as service 9, or by a group of services such as service 1 regrouped with service 7 (see Table 2). Moreover, if service 9 is chosen, this service can contribute, in the same time, to cover need 19 of person 1 with 4 points. Notation in the model: 𝑹𝑺𝑵 𝒔,𝒏 is the number of points that service s contributes to respond to need n. A5: A need can be covered by a combination of several services. There are different ways to support a specific need. So, a need might be complied with a pool of different services. To be able to evaluate how services interact themselves, it is necessary to consider the compatibility between services. If services are compatible for one need, the number of expected points will be the sum of individual contributions.

If services are not compatible for one need, this number will be the maximum value of individual contributions. For example, let's consider that a person is assigned to service 3 and service 8 to support need 4 (see Table 2). If services 1 and 2 are compatible, the person will have 12 points for need 4. On the other hand, if services 3 and 8 are not compatible, the person will have 8 point only. An example of a binary matrix of compatibility is illustrated in Table 3. The compatibility between two services is represented by a symmetric matrix, where 1 means that the two services are compatible and 0 means that the services are not compatible. It is important to note that a service is defined by a specific activity that consumes resources (in hours or in quantity) during a standard period. This is why, a service is not compatible with itself. For example, a service can be: a speech therapy of 2 hours per week. If we propose twice the same service to a person, it means that the person will receive a speech therapy, 4 hours per week. That feature is considered as another service.

Notation in the model: 𝑹𝑺𝑺 ŝ,𝒔 is equal to 1 if service ŝ is compatible with service s; 0 otherwise.

A6:

A service may require the use of resources, with a quantitative consumption (Table 3 relationship servicesresources).

The units of measure of the consumption of resources by a service, depends on the type of resources (Table 3). With human resources the units of consumption will be represented in hours (for example service requires 3 hours working time of a social worker), and for material resources the units of consumption will be represented in quantity (for example a service requires one bed). Furthermore, some services do not consume any resources like the Service 5 in Table 3. The assignment of this kind of service to a PD will not consume any material or human resources of the institution. However it will help to choose an institution among others to answer a PD's needs (for example, if the institution has an adapted kitchen or offers free access to a green space). Also, we consider that a type of service could be proposed either with one resource or with another resource. In the data matrix these situations are considered in different rows, as if they were different services, even if they provide the same support to the PD. For example, a service that can be offered with a psychologist or a social worker, in our data tables will be considered as 2 services that offer the same amount of points to the same needs, but they consume different resources.

Notation in the model: 𝑹𝑺𝑹 𝒔,𝒓 is the number of units of resource r consumed by service s. 𝑺𝑷 𝒔,𝒊 is equal to 1 if service s is proposed by institution i; 0 otherwise.

3) Assumptions related to institutions A7: Proposed Services to a PD may belong to one or more institutions (Table 3 relationship services-institutions).

A8: As resources are constrained, it is necessary to know the resource availability in each institution upon decisionmaking (Table 3 relationship institutions-resources). The unit of availability is the same as in the assumption A6.

Notation in the model: 𝑹𝑨 𝒊,𝒓 is the availability of resource r in institution i. A9: Parameters that must be known beforehand 𝑫 𝒊,𝒑 is the distance between institution i and the reference address of person p. The compatibility between the services presented in the assumption A5, implies that the points offered by the services proposed to the person to each need, depends on the compatibility of the proposed service combination. Therefore it is useful to elaborate a pre-treatment which allows to generate all possible combinations of services and calculates, for each of these combinations, the number of points that it contributes to each need.

The number of possible combinations that this pretreatment must generate is of order (2 𝑛𝑆 -1), where ns represents the number of services. For example, for a total of 3 services (s1, s2 and s3), the total number of possible combinations is (2 3 -1) = 7. c1 (s1), c2 (s2), c3 (s2, s1), c4 (s3), c5 (s3, s1), c6 (s3, s2), c7 (s3, s2, s1). Also it is necessary to calculate the number of points that the combination contributes to each need, This calculation is performed respecting the compatibility of services presented in assumption A5. The calculation is made using the parameters 𝑅𝑆𝑁 𝑠,𝑛 and 𝑅𝑆𝑆 ŝ,𝑠 . Note that SC, set of all possible combinations of services, with cardinality (2 𝑛𝑆 -1), where ns represents the total number of services.

Notation in the model: 𝐒𝐁 𝐬,𝐜 is equal to 1 if the service s does belong to combination of services c; 0 otherwise. 𝑹𝑪𝑵 𝒄,𝒏 is the number of points that combination of services c contributes to respond to need n.

B. Binary decision variables

We use the following decision variables:

𝑿 𝒔,𝒊,𝒑 = 1 if the service s of the institution i, is assigned to the person p; 0 otherwise. This decision variables is sufficient to define the allocation problem. In order to facilitate constraint description, we also consider the following binary variables related to variables 𝑋 𝑠,𝑖,𝑝 : 𝒀 𝒊,𝒑 is equal to 1 if at least one service of the institution i is assigned to the person p, 0 otherwise; 𝑼 𝒄,𝒑 is equal to 1 if the combination of services c, is assigned to the person p, 0 otherwise; and 𝑾 𝒑 is equal to 1 if the model proposes a complete assignment to the Person p, 0 otherwise.

C. Model

The model considers that the availability of resources is known at the moment of the assignment. The search for a solution is done in 2 steps. The first step tries to maximize the number of people with a complete response (prioritizing people with a critical situation). In a second step, a partial response is looking for the people who do not have a complete response in the first step. In this second step, we propose services that respond to some needs of PD, depending on the availability of remaining resources.

1)

Step 1: Find a complete assignment for the maximum number of people regarding their needs.

a) Objective function: Maximize the number of needs (weighted by the number of points) covered by proposing complete answers. Constraints (2) ensure that institutions, which are part of the proposed assignment to the person, are in the perimeter tolerated by the person. Constraints (3) ensure that a person will not be assigned to more than a maximum number of institutions. Constraints (4) ensure that the assignment includes services proposed by institutions. Constraints [START_REF] Gass | Encyclopedia of Operations Research and Management Science[END_REF] ensure that a maximum of one combination of services is proposed to a person. Constraints ( 6) and [START_REF] Burkard | Linear Assignment Problems and Extensions[END_REF] ensure that the services offered to people are part of the combination of services. Constraints [START_REF] Og˘uz | Order acceptance and scheduling decisions in maketo-order systems[END_REF] ensure that the sum of the services available at institution i and assigned to person p cannot exceed the total number of services offered by institution i. Constraints [START_REF] Yoo | Parallel machine scheduling with maintenance activities[END_REF] ensure that the combination of proposed services covers all needs of the person. Constraints [START_REF] Györgyi | Approximation schemes for parallel machine scheduling with non-renewable resources[END_REF] ensure that the assigned services of each institution do not consume more than the available resources.

Maximize

2)

Step 2: Find a partial assignment for people without a full accompaniment, using the remaining available resources. This means that the assignment proposed to the person does not satisfy all his/her needs entirely.

At this step the model presented above remains mostly the same, but now the index p ∈ RP, where RP is a subset of SP for people without a full accompaniment in the step 1. The parameter 𝑅𝐴 𝑖,𝑟 is recalculated with the resources available after assignment in the first step. Other changes in this step 2 are with the objective function and constraints (2) and [START_REF] Yoo | Parallel machine scheduling with maintenance activities[END_REF]. In this step the variable 𝑊 𝑝 is not used, in its replacement the following variable is proposed. 𝑽 𝒑,𝒏 is equal to 1 if an assignment is proposed for the person p for need n, 0 otherwise. 13) and constraints [START_REF] Yoo | Parallel machine scheduling with maintenance activities[END_REF] are replaced by constraints [START_REF] Chabane | R 2-IBMOLS applied to a practical case of the multiobjective knapsack problem[END_REF]. Constraints [START_REF] Osorio | Multi-criteria assignment policies to improve global effectiveness of medico-social service sector[END_REF] ensure that institutions that are part of the proposed assignment to the person, are in the perimeter tolerated by the person. Constraints [START_REF] Chabane | R 2-IBMOLS applied to a practical case of the multiobjective knapsack problem[END_REF] ensure that the combination of services proposed cover the need n of the person p.

IV. Computational experiment

The data used in this experiment are presented in Table 1, Table 2 and Table 3. This data have been generated to be representative of a real case but with a reasonable size, allowing to be solved with an exact method. The results presented below were obtained after the implementation of the model in the program IBM ILOG CPLEX Opt. Studio, Version: 12.5.

The instance represents a situation including 10 people with disabilities looking for an assignment of services in a network of 5 institutions. Each institution proposes up to 7 services from a list of 10 standard services (Number of combinations is (2 10 -1) = 1023). Furthermore, each person can have a maximum of 16 different needs from a list of 20 standard needs. We assume that the five institutions are in the tolerated perimeter of all people and each institution uses up to 6 resources.

Table 4 presents a comparison in the application of the model (with its two 2 steps) in two scenarios: Scenario 1 considers that people can only go to one single institution (which is the current situation). Scenario 2 considers that it is possible for people to go to up to 2 institutions (this scenario shows the advantages when more institutions are allowed to be part of the solution). It is important to note that for each of the scenarios and each stage, CPLEX finds a solution in less than 15 seconds with the data set proposed.

To analyse the performance solutions, 3 indicators have been defined. The first one is related to the entirety of the solution: (A) number of people with a complete assignment in the first step. Two indicators are related to the solution proposed to each person: (B) number of needs covered / number of total needs; (C) number of points covered / number of total points. (A) is the most important indicator in reference to the others, since the medico-social sector currently tries to propose complete assignments to people with disabilities. Results are as follows: with scenario 1; (A) = 4 people (40%); in scenario 2 (A) = 5 people (50%). For people with a complete assignment, in this first step, the indicators B and C are 100%. With this indicator (A), we can see that proposing solutions with more than one institution causes positive effects on the number of people with a complete assignment. Today, the orientation process does not work in this way, since it tries to match PD with places within one institution. In that way, our model, considering the assignment of services to PDs in its first step, presents an interesting contribution for this sector (the possibility of considering more institutions in a complete assignment). In our experimentation related to 10 demands, we went from 4 to 5 people with a complete assignment. To improve this solution, decision-maker can modify parameters to identify different alternatives, for example by changing the number of institutions tolerated by PD. Another parameter, in which the decision-maker can act, is the possibility of increasing the geographical perimeter tolerated by PD. In this experiment, all institutions are in the perimeter of PD. In real life the medico-social institutions are found throughout a large territory. That is why extending the admitted perimeter will allow expanding the possibilities of finding a complete assignment.

The other step of the presented model aims to give a partial response to people without answers after the first step. The possibility of proposing a relaxed solution reduces the break of the accompanying path (to prevent that the PD stays without accompaniment, a situation that is sought to avoid in the medico-social sector). Nevertheless, we can see that an improvement in step 1 can reduce possibilities in step 2. For example, in Table 4, PD 2 stays without accompaniment in scenario 2, whereas is he/she has got a partial assignment in scenario 1.

As in the first step, decision maker can act with parameters such as the maximum number of institutions that can participate to one answer, in order to improve the relaxed solution.

We can note that this relaxed solution may be a temporary one. Indeed, this model considers only one period of time. As we said, a person can stay without accompaniment. A multiperiod model would improve the assignment. It would be able to find complete assignments for all people over a time horizon and not within a single period.

V. Conclusions and prospects

Currently, the assignment of disabled people is based on a single institution solution and takes into account places only and not real need among its complete aspect. In order to improve assignment decision process, we propose a mathematical model that is able to combine the services of several institutions to propose a more complete solution. Those solutions can be composed by a set of services provided by several institutions. In a second step, the approach is able to find partial assignments with the availability of resources remaining after the first step.

In order to take into account multi-period decisions, development has to be done to propose to people with disabilities who makes a demand a complete assignment to their needs, considering the possibility to offer services in later periods depending on the availability of resources in institutions and in each period.

Table 3 .

 3 Compatibility between services, resources availability in institutions and Relationship services-resources, services-

a)

  Objective function: Maximize the number of covered needs among all the people. Maximize ∑ ∑ (𝑉 𝑝,𝑛 * 𝑁 𝑝,𝑛 )  𝐷𝑇 𝑝 ≥ 𝐷 𝑖,𝑝 * 𝑌 𝑖,𝑝 ∀ 𝑖, 𝑝   𝑉 𝑝,𝑛 * 𝑁 𝑝,𝑛 ≤ ∑ (𝑈 𝑐,𝑝 * 𝑅𝐶𝑁 𝑐,𝑛 ) 𝐶 𝑐=1 ∀ 𝑝, 𝑛   𝑉 𝑝,𝑛 ∈ {0, 1} ∀ 𝑝, 𝑛  Constraints (2) are replaced by constraints (

Table 1 .

 1 PD's needs

								People				
			1	2	3	4	5	6	7	8	9	10
		1	0	3	0	0	0	0	0	9	0	2
		2	2	0	4	5	0	5	0	0	0	7
		3	3	1	9	7	0	5	5	3	3	1
		4	0	3	0	1	2	3	5		9	0
		5	3	0	0	0	0	0	0	2	5	0
		6	4	5	1	4	0	0	0	0	1	3
		7	0	5	2	0	2	0	1	1	1	0
		8	0	1	1	0	0	4	5		3	1
		9	0	9	5	4	0	1	2	3	9	2
	Needs	10 11	2 1	9 0	1 5	1 9	0 1	1 0	0 0	0 3	0 0	5 1
		12	2	0	9	2	4	3	0	0	4	1
		13	5	0	0	5	0	1	4	2	5	9
		14	9	0	0	0	2	4	0	0	0	3
		15	0	0	9	1	9	0	0	0	9	9
		16	0	0	9	0	0	0	0	0	0	0
		17	0	0	5	3	1	1	2	2	0	1
		18	3	0	7	1	0	2	0	0	0	1
		19	2	4	9	2	4	0	9	0	1	7
		20	2	0	0	0	4	9	1	0	3	3

Table 2 .

 2 Relationship services-needs

Table 4 .

 4 Results for scenarios 1 and 2

				Step 1		Step 2	
		Indicators	B	C	B	C
			1	12/12	38/38		
			2			6/9=67%	17/40=43%
	Results scenario 1	People	3 4 5 6 7 8	9/9 9/9 8/8	29/29 34/34 25/25	9/14=64% 3/13=23% 6/12=50%	35/76=46% 12/45=27% 18/39=46%
			9			7/12=58%	30/53=57%
			10			7/16=44%	20/56=36%
			1	12/12	38/38		
			2			0/9=0%	0/40=0%
	Results scenario 2	People	3 4 5 6 7 8	13/13 9/9 9/9 8/8	45/45 29/29 34/34 25/25	8/14=57% 5/12=42%	43/76=57% 13/39=33%
			9			5/12=42%	20/53=38%
			10			4/16=25%	14/56=25%
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