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Home Health Care (HHC) agencies aim at providing care and/or services to patients, at their homes, ensuring a quality of service at least equivalent to that given in a hospital, while controlling costs and improving living conditions. The purpose of this paper is to propose a literature survey on "Home Health Care problems" dealing with routing and scheduling, to provide an overview of the constraints and objectives addressed by Operations Research and Industrial Engineering tools for both theoretical and practical HHC problems.

Based on an exhaustive methodology, the current state-of-the-art is reviewed, analyzed, and summarized. We focus not only on the methods used in the different papers studied but also and mainly on constraints and objectives which are specific to the HHC context, particularly highlighting the uncertain and dynamic aspects present in a growing number of papers.

This literature survey enables us to identify several research directions, discussed at the end of this paper. It makes it possible for researchers to identify unaddressed problems, or to direct their research towards one or another method according to the constraints and objectives under consideration, while for practitioners, it enables them to see whether their problem has given rise to the development of planning methods.

The main contributions of this paper are a synthesis update of the literature dealing with routing and scheduling in the HHC context, a set of comprehensive tables classifying the papers, some discussions on current trends with a focus on the uncertain and dynamic aspects, and future research directions.

Introduction

HHC aims to provide medical or paramedical services to patients at their homes. It helps patients to maintain and improve their living conditions, while controlling health system costs, and then reducing the number of occupied beds in traditional hospitals.

Although applicable to a wide variety of pathologies, HHC relates more generally to postpartum care, palliative care, and neurodegenerative diseases associated with aging.

Thus, partly due to aging of the population, HHC has experienced strong growth in recent years. Taking France as an example, the number of patients using HHC services has increased constantly to reach 128,227 individuals in 2019 [START_REF] Fnehad | Fédération Nationale des établissements d'Hospitalisation à Domicile[END_REF], with an increase of +266% since 2005. Moreover, in 2018, 11.7% of Gross Domestic Product was spent on Health (INSEE, 2020), among which 1% was spent on HHC [START_REF] Fnehad | Fédération Nationale des établissements d'Hospitalisation à Domicile[END_REF].

While allowing potential reductions in hospitalization costs, HHC also gives rise to many additional organizational difficulties, compared to a conventional hospital service, as illustrated in Figure 1: patients stay at their homes and may be spread over a wide area, and the HHC agency has to manage several internal mobile resources (mainly human resources with specific skills and constraints) but also some external resources (such as liberal professionals, laboratories, etc.) to provide care to patients at their homes. Development of HHC is at the heart of many issues, and raises many questions that query many disciplinary fields, including the need to lay down norms and standards [START_REF] Detolle | Le référentiel afnor «services aux personnes à domicile[END_REF]. This paper focuses exclusively on engineering science aspects. There is a strong need for planning tools, and this is all the more true since in the HHC sector a large number of agencies come from the associative sector [START_REF] Petrella | Aide à domicile et services à la personne: les associations dans la tourmente[END_REF]. This booming sector is thus opening up new research avenues in the field of industrial engineering and optimization, as illustrated again in Figure 1, highlighting the diversity of these research issues. We can cite, in particular: partitioning of the territory and proper allocation of resources to each district, complying with various criteria [START_REF] Benzarti | Operations management applied to home care services: Analysis of the districting problem[END_REF]; optimization of the admission procedure for new patients coming from hospitals to Home Health Care [START_REF] De Angelis | Planning home assistance for aids patients in the city of rome, italy[END_REF], [START_REF] Koeleman | Optimal patient and personnel scheduling policies for care-at-home service facilities[END_REF]; choice and dimensioning of internal resources [START_REF] Koeleman | Optimal patient and personnel scheduling policies for care-at-home service facilities[END_REF]; flow and inventory management [START_REF] Vissers | Health operations management: patient flow logistics in health care[END_REF]; assignment of the various workers to patients [START_REF] Lanzarone | A cost assignment policy for home care patients[END_REF]; optimization of workers' routes to patients' homes; study of the impact of new patients' admissions on routes.

These problems are scientific issues, characterized by: an inherent uncertainty in the sector (travel time, care duration, evolution of patients' needs, etc.); a wide variety of workers with different skills and constraints (nurse, auxiliary nurse, physiotherapist, etc.); the great importance of the human aspect, which has a direct impact on admission (wishes of the family and patients, etc.), assignment of the care workers (limitation of their number, human compatibility or incompatibility, etc.), the routes (medical and human constraints for schedules); the importance of quality of service (respect for medical constraints, patient preference), which is the primary goal in this sector, even if costs are naturally of great importance.

We focus here on the HHC Routing and Scheduling Problem (HHCRSP). Solving such problems consists in assigning tasks to staff members of the HHC agency, planning visiting hours for a set of patients, and designing the care workers' routes while respecting regulatory and operational constraints. Some reviews study the existing literature related to the above scientific issues: [START_REF] Gutiérrez | Home health care logistics management problems: A critical review of models and methods[END_REF] gives a general overview of logistic problems in the HHC field. Various OR applications are detailed in [START_REF] Milburn | Operations research applications in home healthcare[END_REF] and [START_REF] Sahin | A contribution to operations management-related issues and models for home care structures[END_REF]. An overview of the characterization of the different factors inducing complex-ity in the HHC context is given in [START_REF] Sahin | A framework to evaluate the complexity of home care services[END_REF]. [START_REF] Becker | Multiagent systems to support planning and scheduling in home health care management: A literature review[END_REF], gives an overview of approaches using multiagent systems in order to support planning and scheduling in HHC. They analyze 11 papers, published up to 2017, among which only a very few are considering also routing and are in common with our survey. More recently, [START_REF] Grieco | Operational research applied to decisions in home health care: A systematic literature review[END_REF] reviewed the OR approaches and resolution methods used to address the various decision problems in HHC, through a systematic literature review of peer-reviewed papers published up to the end of September 2018. They extracted information (aim of the study, decisions modeled, planning horizon, modeling approach, solution approach, performance aspects, level of engagement with current practice) from 77 non-review papers (70 journal papers and 7 conferences), with the aim of identifying the decision hierarchies, and the OR approaches used in the literature on HHC, clustering papers according to the addressed decisions, and identifying decisions that have been given insufficient attention in the literature.

Other reviews are more focused on the HHC Routing and Scheduling Problem (HHCRSP): [START_REF] Fikar | Home health care routing and scheduling: A review[END_REF] provided a comprehensive overview of existing works up to 2015 in the field of HHC, focusing on the most common parameters in routing and scheduling problems. In this paper, only journal papers are considered.

Later, [START_REF] Cissé | OR problems related to Home Health Care: A review of relevant routing and scheduling problems[END_REF] analyzed the literature on OR models applied to HHCRSP (up to 2016) and extended the analysis of [START_REF] Fikar | Home health care routing and scheduling: A review[END_REF] to other sources of information and other works (like for example delivery of medicine or equipment).

Our purpose here is to identify the constraints and objectives specific to routing and scheduling problems in the HHC context, which have given rise to the development of methods or softwares based on Operations Research (OR) and/or Industrial Engineering (IE) tools. We thus carried out a survey and a bibliometric analysis of the literature, available by mid-May 2019, and identified and structured the decision problems and real-life characteristics. We were more particularly interested in comparing analyzed papers regarding, not only the OR methods and tools used but also real-life characteristics of the solved problems. Since the considered problem is an important issue, which is increasingly emerging under different publication types, journal papers but also conference publications are considered in this paper.

We provide a numerical analysis of the available literature, considering the jour-nals, conferences, countries of the first author or the application, if present, and the keywords used. We also provide comprehensive tables classifying the papers with detailed information, especially considering real-life aspects. Finally, we observed that there has been a recent increase in the number of papers taking uncertainties and dynamic aspects into account. We thus analyzed these papers more thoroughly to provide their relevant features. To the best of our knowledge, to date no survey has focused on this crucial point.

Note that, during the peer-review process, we conducted a new search, considering papers available from mid-May 2019 to the beginning of November 2020, in order to also include more recent works in our discussions. This new search led to 39 additional papers of interest, among which 24 were published in 2020, and 26 were published in journals. We cite some of them in our discussions, throughout the paper, in order to illustrate some recent trends, but we did not add them to the Tables.

The contributions of this paper are thus as follows:

• A synthesis of the literature dealing with routing and scheduling in the HHC context (numerical analysis and classification of the papers), up to mid-May 2019.

This synthesis updates the latest review focused on HHCRSP, [START_REF] Cissé | OR problems related to Home Health Care: A review of relevant routing and scheduling problems[END_REF], with 42 additional journal papers and 33 conference papers. Note that, compared to the very recent review by [START_REF] Grieco | Operational research applied to decisions in home health care: A systematic literature review[END_REF], we can say that we limit our study to HHCRSP problems, which appear in their review to be the problem most studied in the literature (59 papers among the 77 studied by these authors), but we also update and extend their HHCRSP problem study. We achieved this by considering several databases (they limited their search to Web Of Science), and also by taking conferences into account (they only considered journal papers and very limited conferences), which led to 153 non-review papers studied.

• A set of comprehensive tables classifying the 153 non-review papers and 12 reviews, published up to mid-May 2019, with detailed information on the publication, the problem studied, the modeling and resolution approach, the tested instances, the objective functions, the constraints related to visits, patients, and staff members.

In comparison to the last major reviews published in the field, [START_REF] Cissé | OR problems related to Home Health Care: A review of relevant routing and scheduling problems[END_REF] and [START_REF] Grieco | Operational research applied to decisions in home health care: A systematic literature review[END_REF], these tables provide a more thorough analysis of the constraints and objectives considered in the papers, focusing on the real-life characteristics of the problems studied.

• Some discussions on current trends in HHC routing and scheduling, observed from the tables and including the analysis of 39 additional papers published between mid-May 2019 and November 2020

• A focus on the uncertain and dynamic aspects, through a table containing detailed information on the kind of uncertainties considered and their modeling, for papers published up to mid-May 2019, but also a discussion including the papers published since then. This subject, which is increasingly attracting the attention of authors, has not yet been considered in a review paper.

• Future research directions, highlighting the aspects that have increasingly attracted the attention of researchers in recent years, and the most promising avenues that are still open.

Such a study will allow new researchers in the field to acquire an overview of the objectives, constraints, and methods used for solving an HHCRSP. They will thus be able to easily position their problem and direct their research towards promising research avenues. As for the decision-makers and planners of HHC agencies, they will easily be able to identify case studies close to their problems, as well as the researchers who studied them. This paper is organized as follows: Section 2 describes the routing and scheduling problem in HHC and identifies some of the main characteristics of the optimization models presented in the reviewed papers. Section 3 specifies the scope of our analysis and describes the research methodology used in this paper. Section 4 provides some general information from the selected papers, while Sections 5 and 6 classify them according to different objective functions and constraints related to real-life problems.

Section 7 focuses on the uncertainties and dynamic aspects: a discussion and future research directions are given in Section 8, while Section 9 concludes this paper.

Routing and scheduling problem in HHC

Description of the problem

In an HHCSRP, we consider a set of patients, spread over a given territory, who need care, for different durations, and requiring specific qualifications, at their homes.

Such care is provided by care workers, with different skills and availabilities, managed by an HHC agency. An example of such a problem, with one HHC agency providing care to 15 patients is given in the left part of Figure 2. A time window, corresponding to the patient availability, and a number, corresponding to the visit duration, are assigned to each patient. Weights can be assigned to each arc linking two patients. These weights classically correspond to the distance between two patients or the travel cost. These elements are illustrated only on one arc and on one pair of patients to avoid overloading the figure.

Usually, care workers start traveling from the HHC agency, using diverse means of transportation (mostly a car, but they can also use public transport, cycle or walk)

and return there at the end of their working period. However, in some situations, they can start traveling from their homes, or from the first patient of the day to the last one.

The HHCSRP consists in deciding which care worker visits which patient, at what time, while respecting a set of various constraints and optimizing some criteria (such as cost or quality of service), over a given horizon. The results are thus a set of routes, indicating the planned visits, as illustrated in the right part of Figure 2, for a case with 4 care workers visiting 15 patients. This problem is thus similar to the classical and widely studied Vehicle Routing Problem (VRP) [START_REF] Dantzig | The Truck Dispatching Problem[END_REF]. In this problem, the aim is to determine a set of routes, minimizing the total distance or time traveled by a set of vehicles visiting a set of customers spread over different locations. Each customer has to be visited once by one of the vehicles, and the routes all begin and end at a single depot (the HHC agency). Many of the problems considered in this survey can be seen as examples or extensions of VRP, as VRPTW (VRP with Time Windows), in which each customer has to be visited within a given time interval, or other extensions including the multiple depot traveling salesman problem with time windows (MDTSPTW), for example. However, HHCSRP involves some specific features that lead to new constraints and objectives to consider, as we will see in the next section.

Main characteristics encountered in HHCSRP

The specific features encountered in the HHCSRP are the following:

Visits. A given number of visits must be performed by care workers to the patients' homes. A visit is a care for a given patient, performed by exactly one care worker who has the skill corresponding to the needed qualification. A care duration is usually fixed, but it can depend on the care worker's skill in some cases. A patient may need one or more visits during the considered period. When there are multiple visits for the same patient, we may have some temporal dependencies among the visits, which can be more complex than the classical precedence constraints. Indeed, as already defined in [START_REF] Kergosien | Home health care problem: An extended multiple traveling salesman problem[END_REF] or [START_REF] Di Mascolo | Synchronization between human resources in Home Health Care context[END_REF], the dependency between visit times can be (1) a disjunction, meaning that two visits to the same patient should not overlap, (2) a synchronization, meaning that two visits to the same patient have to start simultaneously or (3) a precedence, when several visits have to succeed. This case is usually defined in three ways: (a) Exact precedence constraints i.e. one visit should start immediately at a given time after the end of the other, (b) Min precedence constraints i.e. one visit should start at least at a given time after the end of the other and (c) Max precedence constraints i.e. one visit should start at most at a given time after the end of the other. We may also have to consider a given frequency for the visits (for example a visit every two days) or a pattern (for example a visit every Monday and Wednesday).

Care workers. Several kinds of care workers are usually considered, with different areas of expertise, as nurses or auxiliary nurses. They are usually represented by different skill levels, and a care worker may only perform tasks corresponding exactly to his/her skill, or a lower skill, in some cases. As already told, all care workers usually begin and end their tour at the Home Health Care Agency, but in some situations, it can be from their homes, or from the first patient of the day to the last one. They can use different transportation means, as a car, public transport, bicycle, or walking. Besides the classical Time Windows constraints representing the availability of the care workers, we may have to respect a set of legislative rules (as a lunch break or maximum working time). Finally, in some cases, we can have some incompatibilities between some care workers and some patients (gender, language, allergy, etc.)

Patients. As in the classical VRP, travel time between patients and between patients and HHC agency is known, sometimes with uncertainties. But in HCCRSP, patients may express preferences for visits regarding, specifically:

• a preference on the gender of a care worker may be associated with a visit; it can also be any other preference or incompatibility with some care workers.

• a desired availability time window (continuous interval) or a preferred day/time can be associated with a visit.

• a continuity of care may be ensured for the patients; this can be a human continuity of care, meaning that, during a period, a given patient always sees the same care worker or a set of preferred care workers, but it can also be a temporal continuity of care, meaning that the patient is always visited at the same time. These characteristics will lead to models with new constraints compared to the classical VRP. However, there are also differences linked with the considered objective functions. Besides the minimizing of the route cost achieved for the VRP, in HHCRSP, we find various other cost objective functions, considering costs related to care workers (such as minimizing their waiting time or working time, for example), or preference objective functions, aiming at maximizing the preferences of care workers (such as workload balance, for example) or the preferences of patients (continuity of care and other expressed preferences). In the next section, we present a basic model for a VRPTW to illustrate the basis of the models used by most of the papers reviewed. We also discuss some specificities encountered in the HHCRSP context.

Basic model for a Vehicle Routing Problem with Time Windows

The aim of the VRPTW is to find a set of paths in a network G = (V, A) such that each customer i (visit in HHCRSP context) is visited (performed in HHCRSP context) exactly once by a vehicle (care worker in HHCRSP context) in the time window

[a i , b i ].
VRPTW data is as follows (see Figure 2 for an illustration):

• G = (V, A): network where each node 1. . . n represents a customer (a visit in HHCRSP context) and where two dummy nodes 0 and n + 1 have been added to represent the depot (HCC agency in HHCRSP context).

• A time window [a i , b i ] and a duration of visit w i is assigned to each node i.

• Each arc (i, j) ∈ A represents a possible connection between two customers (visits in HHCRSP context).

• A distance t i j and a cost c i j are assigned to each arc (i, j) ∈ A. In most papers, this cost corresponds to a travel cost.

• A set K of vehicles (care workers in HHCRSP context).

A possible mathematical formulation for this problem is as follows [START_REF] Cordeau | The VRP with time windows[END_REF]:

min ∑ k∈K ∑ i∈V ∑ j∈V c i j x i jk (1) 
Subject to: 3) and ( 4) ensure that all paths start and finish at the depot (HCC agency in HHCRSP context).

∑ k∈K ∑ j:(i, j)∈A x i jk = 1 ∀i ∈ V \ {0, n + 1} (2) ∑ j:(0, j)∈A x 0 jk = 1 ∀k ∈ K (3) ∑ i:(i,n+1)∈A x i,n+1,k = 1 ∀k ∈ K (4) ∑ i:(i,l)∈A x ilk = ∑ j:(l, j)∈A x l jk ∀l ∈ V \ {0, n + 1} ∀k ∈ K (5) x i jk (s ik + w i + t i j -s jk ) ≤ 0 ∀(i, j) ∈ A ∀k ∈ K (6) a i ≤ s ik ≤ b i ∀i ∈ V ∀k ∈ K (7) x i jk ∈ {0, 1} ∀(i, j) ∈ A ∀k ∈ K (8) s ik ≥ 0 ∀i ∈ V ∀k ∈ K (9) With • x i jk = 1 if the arc (i,
Constraints (5) are flow conservation constraints.

Constraints ( 6) and ( 7) ensure scheduling feasibility.

Constraints (8) impose binary conditions for the flow variables and constraints (9) impose positive conditions for the scheduling variables.

Note that constraints (6) can be linearized as:

s ik + w i + t i j -M(1 -x i jk ) ≤ s jk ∀(i, j) ∈ A, ∀k ∈ K (10)
with M being a big number.

As mentioned before, in order to model the HHCRSP, several specific constraints must be added. A specificity to be taken into account for the visit, is that there are different types of precedence constraints. For example, in [START_REF] Bredström | Combined vehicle routing and scheduling with temporal precedence and synchronization constraints[END_REF], authors propose to introduce an offset variable o i j to model two types of temporal constraints: precedence and disjunction, leading to the following constraints:

∑ k∈K s ik ≤ o i j + ∑ k∈K s jk ∀(i, j) ∈ V Prec (11) 
with V Prec being the set of couples (i, j) of visits linked with precedence constraints.

If o i j = -w i , constraint (11) ensures a disjunction between visits i and j.

In the HHCRSP context, it occurs that two care workers are needed for a visit, as getting a heavy person out of bed, for example. This situation can be modeled by two visits i and j linked by a precedence constraint. If the care worker can perform the visit j at any time during the visit i, this situation can be modeled by two constraints (11), one with o i j = 0 and one with o i j = w i . For the continuity of care, several models are proposed in the literature. In [START_REF] Nickel | Mid-term and short-term planning support for home health care services[END_REF] the notion of patient-nurse loyalty is introduced. This loyalty represents the number of different care workers that are allowed to perform visits for a patient, and the authors propose to take into account this loyalty in the objective function. In (Yalçındag et al., 2016a), to take into account continuity of care, assignment variables and constraints are introduced.

Note that, in the remainder of the paper, we consider not only Home Health Care problems, as defined above, but we extend our analysis to Home Care or Home Service problems, including also non-medical services aiming at helping elderly and more generally fragile people carry out their daily activities, such as housekeeping, meal preparation, bathing, etc. The reason for that is that Home Care and Home Service agencies face routing and scheduling problems that are similar to those encountered in HHC agencies, the main difference relating to the data. Therefore, in the remainder of the paper, we will use the term "staff member" instead of "care worker", and "visit" instead of "care" or "service", but continue to use the term "patients", even for "beneficiaries" of Home Services.

Delimitation and methodology

The process of collecting and selecting analyzed papers performed to define our paper database is described step by step in Figure 3. The initial search did not use any limitation and resulted in a large number of papers in English for each database, that is why a first limitation by context (engineering, computer science, mathematics and decision science) is introduced for the first two databases. Note that context limitation is not available for Google Scholar and Sci-enceDirect databases, thus all resulted papers were browsed one by one and selected by reviewing the title, keywords, and abstract. This is also the case for the second filter applied to the other databases after the context filter.

Then, the resulted papers were crossed and 3 categories were distinguished, namely:

journal papers (J), conference papers (C), and others (Ot) including book chapters, technical reports, and Ph.D. thesis. We decided to keep only journal and conference papers, and all of the promising papers were then analyzed using a full-text review.

To consider a paper as relevant, several criteria must be met.

The first criterion is a focus on HHC i.e. the purpose and objectives must explicitly address HHC concerns. Indeed, we restrict our survey to problems in which staff members deliver cares or services to patients, and thus spend some time at each home;

this leads to the exclusion of some papers considering routing for pickup and delivery problems in HC agencies, such as [START_REF] Liu | Heuristic algorithms for a vehicle routing problem with simultaneous delivery and pickup and time windows in home health care[END_REF], or [START_REF] Shi | Modeling and solving simultaneous delivery and pick-up problem with stochastic travel and service times in home health care[END_REF], for example, which are taken into account in [START_REF] Cissé | OR problems related to Home Health Care: A review of relevant routing and scheduling problems[END_REF] and [START_REF] Grieco | Operational research applied to decisions in home health care: A systematic literature review[END_REF].

The second criterion focuses on papers that address routing and scheduling problems within an HHC context. This leads to the exclusion of some papers talking about HHC as a potential application, among others, of a generic routing and scheduling problem they are solving, such as [START_REF] Parragh | Solving routing problems with pairwise synchronization constraints[END_REF] for example, but also the exclusion of some papers dealing with problems in the context of HHC, but considering mainly resource dimensioning, such as [START_REF] Regis-Hernández | An optimization tool to dimension innovative home health care services with devices and disposable materials[END_REF], or only assignment, such as (Nasir et al., 2018).

The last criterion is redundancy, i.e. conference papers that have been published in a journal paper later are ignored. To be more accurate, we found 21 such redundant conference papers, which are only considered when studying the general characteristics, in section 4, and are omitted in the tables.

We eventually end up with 96 journal papers (J) and 69 conference papers (C) to analyze, i.e. 165 papers, from 1997 to mid-May 2019. More specifically, the 96 journal papers include 6 review papers (representing 6%), the 69 conference papers include 6 review papers (representing 9%) which leads to 90 journal papers and 63 conference papers (i.e. 153 papers which are not review papers).

All conferences not being present in the used databases, we cannot guarantee to have an exhaustive view of the conference papers, however by listing the conference papers, our objective was to highlight the latest trends. Note that the list of papers obtained using this methodology includes all the papers studied in [START_REF] Cissé | OR problems related to Home Health Care: A review of relevant routing and scheduling problems[END_REF] and [START_REF] Grieco | Operational research applied to decisions in home health care: A systematic literature review[END_REF], and which are within our scope.

We analyzed all these papers in order to extract information of interest. The following sections show this content analysis by using tables, which present quantitative outcomes resulting from the reviewed papers related to HHC routing and scheduling literature.

All the tables can be found at the end of this paper. We chose to separate tables dealing with journal papers from tables dealing with conference papers, however, the tables dedicated to conference papers also include global sums and proportions, ob-tained considering all the 153 papers (or 165 when considering the type of paper in Table 4), thus ignoring if they come from journals or conferences.

In all the tables, when a paper tackles one of the mentioned characteristics, a symbol ( √ ) is displayed in the corresponding cell, and the total number of papers considering each characteristic and each subgroup (sum), and their proportion (%), are given.

Note that the proportion is calculated considering 91 journal papers and 63 conference papers, except for the type of paper, for which we took into account also the reviews, considering thus 96 journal papers and 69 conference papers. In these tables, we added some sub-sums and sub-proportions, calculated for subsets of characteristics, by counting the papers that show at least one of the characteristics present within the set: if we take Table 6 as an example, the sub sum "SM cost" considers all the papers having at least one √ in columns "min total visit duration", or "min waiting time", or "min overtime", or an "SMi" in the column "others".

In each of the following sections, we study and comment on the content of these tables. However, in order to reach a more general conclusion than the one obtained examining the tables one by one, we also conducted a complete study of the obtained values, by crossing the tables. We especially observed more closely the common characteristics between the papers presenting case studies on the one hand, and more theoretical papers on the other hand. We also observed the evolution of some characteristics of the problems over the years. 2 to 5 This section is devoted to the presentation of the content analysis enabling us to extract some general characteristics about the publication (year, journal, authors, keywords), the studied problem, the proposed tools, and solutions. We thus propose a quantitative evaluation of the general characteristics of the papers, based on the detailed information about the publications (references, journal or conference title, the affiliation of the first author, country for the application), the studied problem (the type of study -case study or review, the other being more theoretical papers-, horizon, presence of uncertainties in the studied problem), the modeling and resolution approaches, and the instances used for numerical tests, displayed in Tables 2 and3, for journal papers, and Tables 4 and5 for conference papers. In Section 4.1 we also considered the 21 redundant conference papers, which are not reported in the tables.

General characteristics -Tables

Information about the publication

Evolution of the number of publications over the years. Analyzing the journal papers' publication year, we found that the first publication about routing and scheduling in HHC appeared in 1997, with the work of [START_REF] Begur | An integrated spatial DSS for scheduling and routing home-health-care nurses[END_REF], but there are few papers up to 2011 (zero, one or two per year). Since then, the increase in the number of papers addressing HHC routing and scheduling is significant, especially in recent years (see Figure 4): we found 17 journal papers in 2018, representing an increase of 76.5% compared to the 4 papers published in 2011. Note that, for the first 4 months of 2019, there are already 15 papers, which shows that the number of papers is still significantly rising.

If we analyze now the conference papers (see Figure 5, where the redundant conference papers are represented in a lighter color), we observe that the first publication appeared later (in 2006), and their number increased, since then, but less regularly than for journal papers. Figure 6 shows the 19 journals with at least 2 publications in the HHC context.

We can note that the journals with the highest number of publications are in the fields Most commonly mentioned keywords. We are interested here in the main topics in the field of HHC routing and scheduling based on selected authors' keywords of reviewed journal and conference papers. We found a total of 244 different keywords, most of them (160) appearing only once. Only a very few of them appear 10 times or more (9). They are rather general keywords concerning the studied problem (home health care or home healthcare, home care, scheduling, routing, vehicle routing, optimization, routing, and scheduling) and the general methods used (metaheuristics, heuristics). If we consider now the 8 keywords appearing between 5 and 9 times, we observe some general variants of the studied problem (vehicle routing problem, home care scheduling), some methods (mixed integer linear programming, mathematical programming, branch and price, variable neighborhood search), but also some characteristics of the problem (synchronization, continuity of care). Figure 8 shows the keywords that were found more than five times in journals and conferences papers.

Country of authors' affiliation and application. We discuss here the country of affiliation of the first authors, as well as the country of application for case studies related to HHC. Figure 9 shows that the HHC problem concerns the entire world (30 different countries), and mainly Europe, China, and the USA. We can notice that most journal papers are written by first authors coming from France (15), China (11), Austria (10), Italy (8), USA (8), Germany (7), and UK (7) (for the countries having 5 or more publications), and mostly contain applications from Austria (5), Italy (5), China (4), France

(3) and USA (3).

For publications in conferences, most papers come from France (30), Portugal (8)

and Italy (7), with, again, an interest from the entire world (20 different countries, 

Studied problems

Work methodology. From Tables 2 and4, about 6% of the analyzed journal papers and 9% of the conference papers are literature reviews, whereas 39% of the journal papers and conference papers are dealing with case studies: a paper is classified as a case study if the problem is tested on real-life instances provided by an HHC agency. We can note that half of the case studies have been published in the last 4 years.

Hence, the problem is a topical problem for both researchers and health professionals.

Planning horizon. In HHC, the planning can be carried out on a short term (one day or less) or a long term horizon (more than one day, usually one week, for most of the papers, but sometimes several weeks). Table ?? shows that, as far as journal papers are concerned, there is slightly the same number of studies dealing with the short horizon (52%) or the long horizon (48%), whereas, for conferences, we observe that the papers dealing with the short-term horizon are more numerous (65%). Note that, when we focus on the papers published since the last review, we observe that there have been more papers considering a long term horizon.

Note also that, when we focus on the case studies, we observe that most studied problems are dealing with a long term horizon, especially since 2017, which is coherent since, in real life, patients need more than one visit.

Uncertainties and dynamic aspects. The majority of analyzed papers (72%) are dealing with static cases. However, since 2014, stochastic and dynamic aspects are more and more present in the research in the HHC field (note that more than half of the papers dealing with uncertainties and dynamic aspects have been published since 2017, in journals as well as in conferences, and represent around 40% of the papers published since then). That is why we are focusing on this aspect in Section 7.

Proposed approaches and experimentations

Proposed solution methods. Tables 3 and5 We can also observe that, globally, methods proposed before 2014 were more often based on greedy heuristics and local research procedures. However, since, 2015/2016 more advanced methods, such as benders decomposition or hybrid methods, are increasingly being considered. We also note that, for case studies, two-phase resolution methods are widely used for their simplicity and facility of adaptation for most combinatorial problems such as the case of HHC routing and scheduling.

In the latest published papers, we notice a growing interest for modified Ant Colony Optimization algorithms (Decerle et al., 2019a;[START_REF] Euchi | Optimising the routing of home health caregivers: can a hybrid ant colony metaheuristic provide a solution[END_REF][START_REF] Martin | IACS-HCSP: Improved ant colony optimization for large-scale home care scheduling problems[END_REF][START_REF] Inanç | An Application for Routing Ambulance via ACO in Home Healthcare[END_REF]. In [START_REF] Fathollahi-Fard | A bi-objective home healthcare routing and scheduling problem considering patients' satisfaction in a fuzzy environment[END_REF], the Social Engineering Optimization is applied to solve the HHCRSP for the first time, according to its authors.

Tested instances. Used instances are also an important point and show the problem consideration in real life. The instances can be benchmarks that already exist in the literature, either for general VRP problems, like [START_REF] Solomon | Algorithms for the vehicle routing and scheduling problems with time window constraints[END_REF], or for HHC scheduling problem, like [START_REF] Bredström | Combined vehicle routing and scheduling with temporal precedence and synchronization constraints[END_REF], or random instances generated by the authors (sometimes based on real data), or real-life instances provided by HHC agencies (case studies). We notice that only a few works (20%), almost all of them considering daily planning, use instances from the literature and that almost every author uses his/her own instance. These instances are most often randomly generated ones (58%) rather than real instances from HHC agencies.

Finally, for the papers where it was explicitly specified, the size of the used instances was also retrieved in the tables. The considered size varies a lot from one paper to another. We can note that the instance sizes are usually larger when considering case studies or journal papers, rather than theoretical cases, or conference papers.

After this global description of the papers, we now focus on the detailed characteristics of studied problems in the analyzed papers, namely the objective function and the considered constraints. 6 and7 We identified around 30 different criteria that we divided into two categories, namely costs and preference. For each category, we have sub-categories (Route, Staff Members, Patients) and the columns of tables 6 and 7 show the criteria appearing at least three times. 2020). In [START_REF] Cinar | Prioritized single nurse routing and scheduling for home healthcare services[END_REF], a new criterion is studied: they maximize the global priority of the visited patients, who are ranked depending on then their condition, their dependency and the last time they were visited.

Objective function -Tables

In the tables, the sub-sums and sub-percentages for patients and staff members are calculated by including the criteria SM or Pa appearing once or twice and placed in columns "Other".

Cost optimization

We identified more than 10 different cost optimization criteria (see tables 6 and 7), and observed that 90% of the studied papers consider at least one cost criterion. We summarized below the most frequently considered ones:

• Route costs (77%) minimize travel time/cost/distance (76%)

• Staff member cost (42%) minimize overtime costs (15%) minimize visit duration/working time (14%) minimize waiting times (13%)

We observe that the minimization of travel costs, distances or travel times is considered by almost all the authors, whether in journal or conference papers, which is not surprising since it is a standard criterion for the VRP problem and also a real concern for HHC agencies. However, there are also several papers considering costs related to staff members, which are more specific to HHC routing and scheduling problems.

Note that journal papers mostly consider the minimization of overtime cost, whereas conference papers deal mostly with the minimization of visit duration/working time.

Optimization of the quality of service and well-being at work

Preference criteria are a very important point in improving quality of service and well-being at work for HHC agencies but are less present than cost criteria (58% of the studied papers consider at least one preference criterion). They can be divided into two types, namely patient and staff member preferences. We summarize below the most used preference criteria, among the identified ones (more than 15 different ones):

• Patient preferences (48%) maximize patient preferences (16%) minimize TW violation (12%) minimize uncovered visits (11%) maximize continuity of care (10%)

• Staff member preferences (19%)

balance workload (17%)

As far as patient preference is considered, most journal contributions consider the minimization of uncovered visits, which is not present at all in conferences. Note that, when this objective function is not present, it means that we have a constraint ensuring that all the visits are covered. Another important criterion for both journal and conference papers is the maximization of patient preferences, related to the appreciation level of the assigned staff member. Generally, a patient assigns a score to each staff member, and this last is strongly desired if he/she has a high preference score. Criteria related to the minimization of non-respect of soft time windows are also considered in many papers.

Note that the continuity of care, which is very important in real life, has known less interest in the literature when considering both criteria and constraints (as seen also in section 6). This criterion often results in assigning the same staff member to a patient, or, otherwise, minimizing the number of different staff members over the horizon, and usually complicates a lot the problem. Finally, we can note that some criteria appear only once or twice, and especially in recent conference papers.

The second preference category concerns the staff members and is mainly measured by balancing the workload. A few papers also consider the clustering efficiency, which could be found as avoiding the assignment of staff members far from their area, or the region priority, which means that a staff member has a preference for working in some zones, and the model should maximize this preference.

Discussion on the objective function

Criteria. Since almost all the analyzed papers model the problem of routing and scheduling in the HHC context as an extension of the VRP, travel criteria are almost always considered. However, most of the papers consider a multiple-criteria objective (almost all from 2 to 4, one journal paper considering 7 criteria, one conference paper considering 5 criteria, and one conference paper considering 7 criteria). Note that 34% of the studied papers consider only one criterion (which is cost, for 81% of the cases with only one criterion, 35% of the papers consider 2 criteria, 19% consider 3 criteria, and 12% consider 4 criteria. Note also that in many cases (55%), the objective functions include both cost and preference criteria, but there are many studies considering only cost criteria (37%) or only preference criteria (8%).

Multi-objective function vs mono-objective function. As seen above, most papers (66%) consider at least 2 criteria in their objective function, which is usually expressed as a weighted sum of several criteria. It is only from 2015 that we can find some papers considering several objectives, without aggregating them, and using thus multi-objective resolution methods. For the short-term planning, we can cite (Ait Haddadene et al., 2016b) and [START_REF] Braekers | A bi-objective home care scheduling problem: Analyzing the trade-off between costs and client inconvenience[END_REF] who have studied the trade-off between minimizing travel costs and maximizing the preference of patients in home care agencies, by proposing methods based on the ε-constraint approach and enumerating the Pareto Frontier, or, more recently, (Decerle et al., 2019b), who used a memetic algorithm to obtain the Pareto front for three objective functions: minimizing the total working time of the staff members, maximizing the quality of service, and minimizing the maximal working time difference among nurses and auxiliary nurses. For multiple period cases, we can cite [START_REF] Rodriguez | Staff dimensioning in homecare services with uncertain demands[END_REF] who have studied the trade-off between minimizing travel costs and maximizing the staff members workload, by proposing an approximate Pareto frontier, or [START_REF] Liu | Bi-objective approaches for home healthcare medical team planning and scheduling problem[END_REF], who generated approximate Pareto fronts with three heuristics approaches in order to find a trade-off between cost and preference criteria.

Evolution through the years. Now, if we observe the evolution of the studied criteria through the years, we note a growing diversity of criteria over the years, and especially since 2017. The very clearly dominant criterion remains, all over the years, the classic objective function used for a VRP: Min travel time/cost/distance, but the proportion of papers considering this criterion has slightly decreased since 2017. The second one is patient's preference, which has known a very significant increase since 2017, especially as far as journals are considered. For conferences, we also observe that the staff member cost is considered in many papers since 2010. More generally, we can say that preference criteria, although not insignificant since 2006, and increasing since 2017, are still clearly dominated by the cost criteria. Moreover, more recently, as already mentioned above, we also observe some criteria which are neither cost nor preference but are linked to environmental considerations, clustering or disruptions.

Case studies vs theoretical papers. If we compare the criteria used for case studies and those used for more theoretical papers, table 1 shows no specific particularity.

We can however note that the criteria "max continuity of care" or "min reassignment" are studied in only 4% and 2% of the theoretical journal papers, whereas we can find them respectively in 13% and 8% of the case studies. The criteria concerning patient preference are studied in a larger proportion of papers, whether case studies or theoretical studies (47% and 36% respectively) than staff member preference (19% and 21% respectively). In general, a greater proportion of papers are concerned with cost optimization compared to the optimization of preference criteria, but the proportion of papers that focus on preference criteria is far from being negligible, for theoretical papers (58%) or case studies (43%). In conference papers, we observe that, in the case studies, a significant proportion of papers (22%) optimize the criterion Max continuity of care, whereas only 5% of theoretical papers consider this criterion, which corroborates what has been observed for journals; finally, we note that authors give more attention to the patient and staff member preference in case studies (41% and 33%) than in theoretical papers (35% and 14%).

Constraints -Tables 8 to 13

We now present the various constraints considered in the analyzed papers, that we have chosen to divide into three categories: those related to visits, those related to patients, and those related to staff members. Each category of constraints is presented in a separate table. Note that in the following, we summarize the most considered constraints, indicating the proportion of papers containing at least one constraint of the considered type.

6.1. Constraints related to visits -Tables 8 and9 These constraints are present in 90% of the studied papers and are split into three categories, namely general characteristics, schedule, and dependency. General characteristics mainly include time windows, which can be hard, or related to the production of a certain product (as for chemotherapy at home); required qualification level, which is an important feature. The schedule can be defined by the number of required visits per day, or over the planning horizon, and this by assigning a frequency to each visit, or by a combination of desired visit days named patterns, for example (Monday, Thursday) in a case where two visits are desired. The dependency between visit times can be disjunction, synchronization, exact precedence, or min/max precedence, as explained in section 2.2. Finally, some other criteria, appearing only once or twice, are listed in the column named "others".

Thus, from Tables 8 and9, whose information is summarized below for the most used constraints, it is clear that most considered constraints are time windows (including hard time windows (66%)), followed by the qualification required. However, constraints related to the dependency and/or the frequency of visits are of less interest but remain significant in the HHC context. Papers published very recently both in journals and conferences confirm this trend [START_REF] Euchi | A Hybrid Approach to Solve the Vehicle Routing Problem with Time Windows and Synchronized Visits In-Home Health Care[END_REF][START_REF] Hashemi Doulabi | Vehicle Routing Problems with Synchronized Visits and Stochastic Travel and Service Times: Applications in Healthcare[END_REF][START_REF] Nozir | Crew Constrained Home Health Care Routing Problem with Time Windows and Synchronized Visits[END_REF][START_REF] Shahnejat-Bushehri | Home Health Care Routing and Scheduling Problem Considering Temporal Dependencies and Perishability with Simultaneous Pickup and Delivery[END_REF].

• Temporal constraints (71%)

Time windows (69%) Dependency (25% )

• Assignment constraints (73%)

Qualification required (58%) Schedule (33%)

6.2. Constraints related to Patients -Tables 10 and11 These constraints are less considered in the literature ( 46%) than those related to visits (90%) or staff members (82%) and are relatively recent. Temporal constraints are very varied but often considered as soft constraints; we can mention precisely soft time windows -representing time windows which are preferred by the patients for receiving some cares-, preferred starting time, or preferred day of visits, etc. They are not often taken into account, but it can be seen that these constraints are more present since 2014, so it is highly probable that they will be widely studied in the years to come.

Continuity of care is defined by assigning, for example, the same staff member throughout the period, or visiting the patient at the same hour each time. Even though these constraints are very important in improving the service quality of HHC agencies, they have rarely been taken into consideration by research and also in real life before 2014, but have been knowing a growing interest, especially since 2018. Continuity of care is most often taken into account by assigning the same staff member throughout the period, especially in journal papers, but we also observe other ways to deal with continuity of care, as assigning the same time slot to visits, or a preferred staff member, or pre-assigning a staff member, or, more recently, considering loyalty to a staff member. Note that when we consider both objective function and constraints, we observe that 31% of the 153 studied papers deal with continuity of care, either as an objective function, or as a constraint, or both.

In our last bibliographic update (from mid-May 2019 onwards), we did not find any significant changes in the trends regarding constraint related to patients.

• Temporal constraints (25%)

Soft time windows (13%)

• Assignment constraints (29%)

Continuity of care (29%)

6.3. Constraints related to Staff members -Tables 12 and13 Staff member constraints are present in 82% of the studied papers and can be divided into several categories, namely characteristics (including skill level and availability -which includes hard time windows, common in journal and conference papers, but also soft time windows or soft breaks), rules (which are mostly the legislative rules, according to the number of working hours per day and per week, lunch breaks... Other rules can be listed, as additional work, related for example to the meetings in the HHC agency, but they are very rarely considered), district/region, incompatibility with a patient (when for example a patient requires a gender (male/female) or the staff member can refuse a visit if for example he/she has allergies for some animals which can be present at the patient's home), and transport. Some transportation mode constraints have appeared in some journal papers. In fact, the most often used transportation mode is a personal vehicle, nevertheless, some authors have been interested in using public transport, such as [START_REF] Rest | Daily scheduling of home health care services using timedependent public transport[END_REF], or sharing vehicles, or walk, such as [START_REF] Fikar | A matheuristic for routing real-world home service transport systems facilitating walking[END_REF], or, for a few of them, considering multi-modal transportation, by combining two or more transportation modes, such as [START_REF] Hiermann | Metaheuristics for solving a multimodal home-healthcare scheduling problem[END_REF], who combine public transport and car. In [START_REF] Quintanilla | Mathematical models to improve the current practice in a Home Healthcare Unit[END_REF], doctors and nurses share taxis and travel together. New strategies of transportation are studied, such as walking and changing during the route the sets of workers who travel together.

The most often encountered constraints are the following:

• Temporal constraints (58%)

Hard time window (48%)

• Assignment constraints (55%)

Skill level (55%)

• Rules (49%)

Legislative rules(39%)

• District region (13%)

Discussion on the constraints

We observe that the studied problems often deal with generic constraints usually considered in VRP, and illustrated in section 2.3, such as time windows, dependencies between visits, skill level, in journal papers, as well as in conference papers. Some of these characteristics are less present for case studies, as time dependencies. Note also that, for case studies, we find more constraints about visit frequency as well as legislative rules, types of used vehicles, and continuity of care.

If we consider now the evolution of the constraints through the years, we observe that, for journal papers, the proportions have been slightly the same since 2017, except for the continuity of care, which increased significantly. For conference papers, we observe also a decrease for constraints considering precedence.

7. Focus on the uncertainties and dynamic aspects -Table 14 7.1. Motivation

In most of the above-mentioned papers (72%), all parameters are assumed to be known in advance, whether it is travel times, visit times, patients' availabilities, etc.

However, in practice, it is highly unlikely to conduct the planned schedule throughout the whole horizon without any disruption. In HHC, the data is subject to a high variability due to the inherent uncertainties of the area, which often lead the original schedules to be unfeasible. Since the human factor is predominant in this domain, some constraints make it impossible to simply cancel impacted tours, or recompute optimal tours whenever a new event occurs. Therefore, it is obvious that the deterministic problem is not entirely suited to real-life unpredictabilities.

Furthermore, HHC agencies constantly face staff turnover or changes in the pool of patients. In this case, again, recomputing optimal tours with the new data might not be completely satisfying due to continuity constraints: they need to deal with a replanning problem. Whether on a strategic, tactical, or operational level, considering uncertainties and dynamic aspects appears to be necessary to offer practical solutions to the home health care routing and scheduling problem.

We examined and classified 37 papers, including 25 journal papers and 12 conference papers among the 43 papers showing an interest in uncertainties or dynamic aspects. We chose to ignore the papers dealing with uncertainties not related to delivery of cares, such that fuzzy demands in papers where a pick-up and delivery problem is jointly addressed with the scheduling and routing problem. It led to the exclusion of (Shi et al., 2017a), (Shi et al., 2017c), [START_REF] Tohidifard | A Multi-Depot Home Care Routing Problem with Time Windows and Fuzzy Demands Solving by Particle Swarm Optimization and Genetic Algorithm[END_REF] for example. We also eliminated some papers, such as [START_REF] Carello | Trade-off between stakeholders' goals in the home care nurse-to-patient assignment problem[END_REF] and [START_REF] Yuan | Home health care crew scheduling and routing problem with stochastic service times[END_REF], which are extensions of previous papers by the same authors (respectively [START_REF] Carello | A cardinality-constrained robust model for the assignment problem in home care services[END_REF] and [START_REF] Yuan | A branch-and-price algorithm for the home health care scheduling and routing problem with stochastic service times and skill requirements[END_REF]) considering different nominal problems but bringing no new contribution to the methods they propose regarding the handling of uncertainties since they use the same method in the extensions than in the original papers.

The new search we conducted to cover papers published after May 2019 provided 7 additional papers. Even though they are not included in the numerical data that we give, they do not run counter to our global analysis unless stated otherwise.

The interest in uncertainties is quite recent since the oldest paper that we consider dates back to 2011, and 68% of the selected papers were published from 2017 onwards.

Types of uncertainties

As previously mentioned, in the HHC context, uncertainties have different causes, thus they take different forms. First, they can stem from the patients who may require a change in the frequency of their visits [START_REF] Mosquera | Flexible home care scheduling[END_REF] or in their assigned time slot [START_REF] Lin | Jointly rostering, routing, and rerostering for home health care services: A harmony search approach with genetic, saturation, inheritance, and immigrant schemes[END_REF]. They may also have new demands or cancel their planned visits [START_REF] Yuan | Disruption Management for the Real-Time Home Caregiver Scheduling and Routing Problem[END_REF]. Sometimes one-time cancellations occur (Gunawan et al., 2017), but at other times, the patient is simply getting out of the system because his/her health declined and he/she had to be hospitalized [START_REF] Gomes | Modelling and (re-)planning periodic home social care services with loyalty and non-loyalty features[END_REF].

Staff members also bring their own unpredictability: when staff members are on sick leave, take a day off, or change their availabilities during the horizon, their whole tour is impacted even though the patients who were scheduled need to receive the planned visits anyway [START_REF] Xie | A periodic repair algorithm for dynamic scheduling in home health care using agent-based model[END_REF]. Six papers, [START_REF] Bennett | Dynamic periodic fixed appointment scheduling for home health[END_REF], [START_REF] Demirbilek | Dynamically accepting and scheduling patients for home healthcare[END_REF], [START_REF] Demirbilek | Home healthcare routing and scheduling of multiple nurses in a dynamic environment[END_REF], (Nasir and Dang, 2018), [START_REF] Nasir | Quantitative thresholds based decision support approach for the home health care scheduling and routing problem[END_REF], [START_REF] Nguyen | Integrated home health care optimization via genetic algorithms and mathematical programming[END_REF], take into consideration the admission of new patients, or the possibility of hiring new staff members, therefore adding another decision to the initial scheduling and routing problem.

Finally, there are uncertainties that are deeply bounded to the HHC field with uncertain visit times [START_REF] Demirbilek | Home healthcare routing and scheduling of multiple nurses in a dynamic environment[END_REF][START_REF] Zhan | Home service routing and appointment scheduling with stochastic service times[END_REF], to the health sector with emergencies or real-time demands [START_REF] Ouertani | A Hypermutation Genetic Algorithm for the Dynamic Home Health-Care Routing Problem[END_REF], or to routing problems with uncertain travel times [START_REF] Nikzad | A Matheuristic Algorithm for Stochastic Home Health Care Planning[END_REF][START_REF] Shi | A robust optimization for a home health care routing and scheduling problem with consideration of uncertain travel and service times[END_REF]. We aggregated the considered uncertainties or perturbations in three categories:

• Changes related to demands: 65%

• Changes related to patients: 43%

• Changes related to staff members: 22%

Note that changes related to patients and demands can be closely linked, but we separate them according to the following criteria: if the change impacts only one visit or one type of visits, then we categorize it in the demands' category. If the change concerns all the visits required by the same patient during a period, then it is in the patients' category. We consider that cancellations of visits often happen for a full period (day, week, permanent departure), therefore we put it in the patients' category.

Among all criteria, uncertainty in visit times is the most studied: 44% of selected papers consider it. Then, we find the changes in the pool of patients (new patients 28% and departure or cancellations of patients 25%), travel times (25%), closely followed by new demands (22%). On the contrary, some criteria are marginal: changes in visit frequencies [START_REF] Mosquera | Flexible home care scheduling[END_REF] or broken vehicles (Alves et al., 2018a) are only considered in one paper each.

Among the 7 papers published after May 2019, uncertain visit times are considered in 5 of them, and uncertain travel times in 4 of them.

Approaches

There are different ways to handle uncertainty : robustness (13%), flexibility (10%), stochastic optimization (32%), dynamic optimization (32%), stability (13%) etc. These approaches are not necessarily incompatible, and they do not offer the same possibilities for the decision-maker.

A first strategy consists in forecasting the contingencies and providing a robust solution, that is to say, a solution that stays feasible in spite of disruptions. The robustness of such a solution depends on the degree of conservatism of the solving approach, i.e.

the degree of risk the decision-maker is willing to take. For instance, [START_REF] Naji | A robust-MILP for synchronized-mTSPTW: Application to home health care under uncertainties[END_REF] offer an extremely conservative solution that would remain feasible in any considered scenario. By comparison, in [START_REF] Cappanera | Demand uncertainty in robust Home Care optimization[END_REF] and [START_REF] Carello | A cardinality-constrained robust model for the assignment problem in home care services[END_REF], the feasibility of the solution is only guaranteed for scenarios with a controlled amount of disturbance. In [START_REF] Shi | A robust optimization for a home health care routing and scheduling problem with consideration of uncertain travel and service times[END_REF], the solutions remain feasible as long as service and travel times vary within predefined intervals.

Flexible parameters also give more possibilities in the creation of a schedule: in [START_REF] Mosquera | Flexible home care scheduling[END_REF], the visit times and frequency of the visits are adjustable; in (Nasir and Dang, 2018), the possibility of hiring nurses and accepting new patients is offered;

in [START_REF] Restrepo | Home healthcare integrated staffing and scheduling[END_REF], the decision-maker can ask staff members on rest days to come back to work, etc.

These models make it possible to anticipate the disturbances, thus they are mostly used at a strategic or tactical level.

To deal with uncertainties on the operational level, other strategies are used. They could be qualified as "corrective" strategies: an original schedule is built, and whenever a contingency occurs, we proceed in the alteration of the initial schedule. This dynamic approach offers the advantage of only taking into account the disruptions that actually occur, and thus the solution remains optimal as long as there are no uncertainties. However, the corrections may be extremely expensive or completely inefficient.

In [START_REF] Kandakoglu | A decision support system for home dialysis visit scheduling and nurse routing[END_REF], floating nurses can replace absent nurses on short notice.

Dynamic problems can be handled with a stability objective, which consists in staying as close as possible to the initial schedule: it offers a continuity highly appreciated by both staff members and patients. In [START_REF] Yuan | Disruption Management for the Real-Time Home Caregiver Scheduling and Routing Problem[END_REF] for example, the stability is maximized for all stakeholders: the patients, the staff, but also the company. Starting and ending times or assignment of staff members are the main criteria of stability.

It is to be noted that dynamic approaches can offer solutions for re-planning problems, in the longer term. [START_REF] Gomes | Modelling and (re-)planning periodic home social care services with loyalty and non-loyalty features[END_REF] needs to deal with changes in the pool of patients (departure and new arrivals) along with unusual continuity and nonloyalty constraints.

Modeling

Depending on what strategy is chosen to cope with uncertainty, the variability can be reflected either in the expression of the variables or in the model and the solving methods.

In stochastic approaches, random variables are used in 75% of the cases to express uncertainty, whereas a discrete set of scenarios is preferred in other cases, such as in [START_REF] Naji | A robust-MILP for synchronized-mTSPTW: Application to home health care under uncertainties[END_REF] and [START_REF] Rodriguez | Staff dimensioning in homecare services with uncertain demands[END_REF]. In robust or flexible cases, variables may belong to a specific interval: in [START_REF] Mosquera | Flexible home care scheduling[END_REF], visit times are modeled as decision variables with a preferred duration (upper bound) and a minimum duration (lower bound), the aim being to be as close as possible to the upper bound, allowing smaller times if necessary. On the contrary, in [START_REF] Carello | A cardinality-constrained robust model for the assignment problem in home care services[END_REF] and [START_REF] Carello | Handling Time-Related Demands in the Home Care Nurse-to-Patient Assignment Problem with the Implementor-Adversarial Approach[END_REF], visit times are characterized by their expected value (lower bound) and maximum value (upper bound), the aim being to be as close as possible to the lower bound, allowing higher times if necessary.

A traditional method in robust optimization consists in using a cardinality-constrained model. It enables the decision-maker to decide what level of conservatism he/she wants in the solution. For example, in [START_REF] Cappanera | Demand uncertainty in robust Home Care optimization[END_REF], the conservatism degree bounds the number of uncertain demands per tour; in [START_REF] Carello | A cardinality-constrained robust model for the assignment problem in home care services[END_REF] and [START_REF] Carello | Handling Time-Related Demands in the Home Care Nurse-to-Patient Assignment Problem with the Implementor-Adversarial Approach[END_REF], control is kept over the number of clients whose visit time does not meet the expected value; in [START_REF] Nguyen | Integrated home health care optimization via genetic algorithms and mathematical programming[END_REF], the number of missing nurses is limited. In cardinality-constrained models, the solutions are guaranteed to be feasible as long as these limitations are observed.

Stochastic programming seems to be appreciated by the authors: 32% of selected papers use stochastic models. The latest papers (not included in the tables) tend to confirm this trend [START_REF] Zhan | Home service routing and appointment scheduling with stochastic service times[END_REF][START_REF] Shi | A robust optimization for a home health care routing and scheduling problem with consideration of uncertain travel and service times[END_REF][START_REF] Hashemi Doulabi | Vehicle Routing Problems with Synchronized Visits and Stochastic Travel and Service Times: Applications in Healthcare[END_REF].

In dynamic cases, the initial schedule is built from a deterministic method and is then altered to remain feasible in spite of contingencies. As a consequence, the differences occur in the solving methods: we can find an insertion heuristic [START_REF] Bennett | Dynamic periodic fixed appointment scheduling for home health[END_REF], multi-agent simulation with recourse action [START_REF] Marcon | A multiagent system based on reactive decision rules for solving the caregiver routing problem in home health care[END_REF], a repair method [START_REF] Xie | A periodic repair algorithm for dynamic scheduling in home health care using agent-based model[END_REF] or a scenario-based approach [START_REF] Demirbilek | Home healthcare routing and scheduling of multiple nurses in a dynamic environment[END_REF].

Objectives

The objective functions often reflect the different motivations behind the consideration of uncertainties. In 67% of the papers, the objective function does not change from the one used in the deterministic problem. Travel, working and idle times are minimized, workloads are balanced, general costs are minimized, etc. It should be noted that these objective functions are mostly considered when the uncertainty is handled with stochastic or robust models. In [START_REF] Carello | Handling Time-Related Demands in the Home Care Nurse-to-Patient Assignment Problem with the Implementor-Adversarial Approach[END_REF] and [START_REF] Naji | A robust-MILP for synchronized-mTSPTW: Application to home health care under uncertainties[END_REF], the objective function is minimized in the worst-case scenario.

In the remaining 33% of papers, the objective function directly depends on the changes induced by the contingencies.

A frequent objective is also to minimize the deviation from the original schedule.

The calculation of such a deviation differs according to the papers: 

Discussion on uncertainties and dynamic aspects

The interest in dynamic aspects and uncertainties is extremely recent: the first paper of our selection dates back to 2011. Therefore we lack some hindsight to analyze the evolution of the studied criteria throughout the years. However, it is to be noted that flexibility has not been given much attention, unlike stochastic or dynamic problems.

Furthermore, whether it is in the objectives or the contingencies, staff members are clearly not the main focus of the authors: they prefer considering patient preference, or economic aspects. Even though the preferences of the staff members do not appear to be a priority, the HHC field has a high turnover of staff because of the extremely hard working conditions. Granting more importance to the workers' well-being would probably reduce the number of contingencies and would bring more stability to HHC agencies.

Discussion and Future research directions

Due to its crucial contribution to society, the problem of routing and scheduling in the HHC context has received increasing attention in recent years. or constraints (such as time windows, legislative rules, skills, etc.). This survey also shows some recent uncommon constraints (like dependency constraints, continuity of care, etc.), which are very close to real-life cases. In the most recent papers, we observed the emergence of several trends. Some research avenues were already identified in the latest literature reviews [START_REF] Cissé | OR problems related to Home Health Care: A review of relevant routing and scheduling problems[END_REF] and [START_REF] Grieco | Operational research applied to decisions in home health care: A systematic literature review[END_REF]. As we will show below, some of the main trends observed recently go in the direction of the already identified avenues, others in these avenues are still relevant, and furthermore, new ones appear.

We structure the main trends and research questions according to five areas: approaches and benchmarks, specific constraints, uncertainties, sustainability and means of transportation, and finally, multi-objective methods to consider all stakeholders.

Approaches and benchmarks

As far as methods are concerned, we observe an evolution: whereas the first studies traditionally proposed methods based either on mathematical programming, in particu-lar, the MILP, or on dedicated heuristics, efficient methods for the other VRP extensions have since been developed. Thus, several authors propose advanced optimization methods based on Lagrangian relaxation, such as [START_REF] Fathollahi-Fard | A set of efficient heuristics for a home healthcare problem[END_REF], or Benders decomposition, such as [START_REF] Heching | A Logic-Based Benders Approach to Home Healthcare Delivery[END_REF]. Metaheuristics, like in [START_REF] Fathollahi-Fard | A bi-objective home healthcare routing and scheduling problem considering patients' satisfaction in a fuzzy environment[END_REF],or in [START_REF] Inanç | An Application for Routing Ambulance via ACO in Home Healthcare[END_REF] and memetic approaches, such as (Decerle et al., 2019b) are also booming. These new methods make it possible to deal with larger instances and longer planning horizons. We also note the appearance of more emerging approaches, such as multi-agent [START_REF] Hamdani | Agent-based Approach of Multi-Structures Homecare Planning Problem[END_REF] or AI methods to take into account or better model certain uncertainties inherent in the field of home care and service. This trend is all set to continue in the coming years. Indeed, this evolution of methods follows a classical pattern in the development of operational research methods for a given type of problem. For methods that allow better consideration of available data and/or that allow the development of dynamic approaches, this corresponds to a much more general current trend and, once again, this trend is all set to continue.

Furthermore, each author usually develops their specific method for their problem and tests it on their data. It could be interesting to work on more generic models, as already suggested in [START_REF] Cissé | OR problems related to Home Health Care: A review of relevant routing and scheduling problems[END_REF], but also to provide some new benchmarks, containing all the characteristics of interest of an HHC scheduling and routing problem in HHC agencies.

Finally, the need identified in [START_REF] Grieco | Operational research applied to decisions in home health care: A systematic literature review[END_REF] to consider routing and scheduling in the HHC sector as a whole (including contextual and environmental factors) and in all its dimensions (strategic, tactical, and operational) remains a topical issue.

Specifics constraints

The constraints considered are numerous. Nevertheless, some of them have been paid more attention. Some are already subject to VRP extensions, while others are specific to the HHCRSP. We will focus here on these and, more especially, on continuity of care, preferences, and synchronization and dependency constraints.

Continuity of care: we noted that patient constraints, particularly those related to continuity of care, were not often considered, although they have an impact on improving the quality of service of HHC agencies. There are two types of continuity of care:

human continuity and temporal continuity. We can define 'Temporal continuity' by visiting the patient at the same hour each time. Only a few recent papers consider this type of continuity despite the fact that it directly affects patient satisfaction. We can define 'Human continuity' by assigning the same staff member (or the same pool of staff members) to a given patient throughout the period. Usually, even in the most recent papers, such as [START_REF] Demirbilek | Home healthcare routing and scheduling of multiple nurses in a dynamic environment[END_REF] or [START_REF] Entezari | Developing a mathematical model for staff routing and scheduling in home health care industries: Genetic Algorithm based solution scheme[END_REF], only the first aspect is considered. Continuity of care is a reality and a concern for HCC agencies. Considering a pool of staff members is the only way to consider continuity of care and day-off simultaneously. Therefore, this point is crucial in the quality of service, and increasingly more studies should make this point central key one.

Patient and Staff Member preferences: We observed that even if cost criteria are the most studied criteria, there is an increasing interest in maximization of patient and staff member preferences, as in [START_REF] Zhu | A Variable Neighborhood Search for Home Care Scheduling Under Chargeable Overtime and Preference Matching*[END_REF] or (Liu et al., 2019c), for instance.

We think that it is significant to take these aspects further, for the HHC agencies to remain competitive by providing a good quality of service for their patients, and a conducive working environment for their staff members. Moreover, this will facilitate the acceptance of the proposed methods and tools.

Synchronization and dependency constraints: A major trend in the most recent papers is the consideration of dependency constraints as in [START_REF] Frifita | VNS methods for home care routing and scheduling problem with temporal dependencies, and multiple structures and specialties[END_REF], (Liu et al., 2019c), [START_REF] Nozir | Crew Constrained Home Health Care Routing Problem with Time Windows and Synchronized Visits[END_REF], or [START_REF] Euchi | A Hybrid Approach to Solve the Vehicle Routing Problem with Time Windows and Synchronized Visits In-Home Health Care[END_REF], for example. Indeed, the HHC sector has a specificity in the VRP field. Some patients require, in the context of their care, the simultaneous or successive presence of several staff members. Synchronization of tours combined with flexible or hard time windows linked to the care, to the patient, or to the staff members is a challenging and promising avenue. Recent papers focus on the need for some services to have two staff members present at the same time with the patient. Other types of temporal dependencies exist in the HHC environment, including precedence or even strict precedence. Indeed, some care requires the intervention of a staff member with specific skills, followed almost immediately by another staff member with other skills. Taking these kinds of constraints into account is challenging. In [START_REF] Cissé | OR problems related to Home Health Care: A review of relevant routing and scheduling problems[END_REF], the need, to carry out studies taking the different types of time windows into account, has already been highlighted. This avenue is still relevant. Recent studies have clearly shown that besides the different types of time windows, the different types of dependencies and synchronization are key constraints.

Uncertainties

One of the main promising avenues of research is the consideration of uncertainties since these uncertainties are inherent to the HHC sector. In real life, several uncertainties can affect the solutions, as seen in section 7. Concerning these uncertainties, most papers focus mainly on classical uncertainties about duration of services and travel times. Most papers propose a stochastic approach to these uncertainties [START_REF] Nikzad | A Matheuristic Algorithm for Stochastic Home Health Care Planning[END_REF], [START_REF] Shi | A robust optimization for a home health care routing and scheduling problem with consideration of uncertain travel and service times[END_REF] and more recently a few papers propose a dynamic approach [START_REF] Ouertani | A Hypermutation Genetic Algorithm for the Dynamic Home Health-Care Routing Problem[END_REF] to address this type of uncertainties. In this sense, these studies are initial answers to the avenues of research identified by [START_REF] Cissé | OR problems related to Home Health Care: A review of relevant routing and scheduling problems[END_REF]. However, the HHC sector presents specific uncertainties. Thus, as in all medical sectors, home care facilities and services must deal with emergencies: a patient not foreseen in the tour to visit or a staff member absent at the last minute when it is not possible to cancel his/her visits. These unexpected inflows/outflows of patients and staff members are present daily in the HHC structures and require the development of dynamic approaches as already pointed out in [START_REF] Cissé | OR problems related to Home Health Care: A review of relevant routing and scheduling problems[END_REF], as well as robust planning methods. Patients of HHC agencies are fragile people who need stability and no unexpected events, so robust approaches to uncertainties or at least flexible models continue to be essential to improve the quality of service provided by HHC agencies.

Sustainability and means of transportation

Some recent papers consider sustainability aspects. Two main ways are proposed: minimization of gas emissions, or environmentally friendly means of transportation.

Hence, some recent studies consider the minimization of environmental pollution such as (Fathollahi-Fard et al., 2018a). Others consider the combination of means of transportation, such as public transportation, combined with walking, such as [START_REF] Rest | Daily scheduling of home health care services using timedependent public transport[END_REF] or the combination of walking and car/trip sharing for staff members, such as [START_REF] Fikar | A matheuristic for routing real-world home service transport systems facilitating walking[END_REF], or the use of electric cars or bicycles such as [START_REF] Szander | Algorithm for Efficient and Sustainable Home Health Care Delivery Scheduling[END_REF], or [START_REF] Erdem | Analysis of electric vehicles in home health care routing problem[END_REF]. Sustainability is a crucial societal problem, and we believe that it is relevant to develop new approaches considering this aspect in future research, especially from the perspective of mobility, as has already begun in some studies like [START_REF] Voegl | Chapter 18 -The Trade-Off Between the Three Columns of Sustainability: A Case Study From the Home Service Industry[END_REF].

Consideration of different means of transportation used by staff members is rarely addressed in the literature, where most works focus on the private transportation mode, i.e. cars. In this, the research trail proposed in [START_REF] Cissé | OR problems related to Home Health Care: A review of relevant routing and scheduling problems[END_REF] Mobility of staff members will evolve, and proposing planning methods able to take these new modes of mobility into account is a very promising avenue. Since each of these transportation modes has its own specific constraints and restrictions, a key avenue is to propose realistic schedules.

Multi-objective approaches to consider all the stakeholders

Most papers consider multiple criteria, but usually with a single objective function, often a weighted sum. However, assigning some weights may be difficult and not satisfying for decision makers. Moreover, it could be more interesting to obtain a set of alternative solutions rather than only one solution, representing some tradeoff between the different criteria of interest, and to develop methods helping to choose the most suitable solution out of those provided. For this reason, a few papers recently developed some multi-objective resolution methods. We think that to propose new multi-objective resolution methods for the scheduling and routing problem in HHC agencies is an interesting avenue. In [START_REF] Cissé | OR problems related to Home Health Care: A review of relevant routing and scheduling problems[END_REF], this point was already highlighted, and it is still current.

Over and beyond the multi-objective method aspect, other aspects related to multiobjective are real avenues of ambitious research. The home care and service sector is no exception to the rule of the presence of several stakeholders with conflicting interests. Many papers focus on the financial aspects by minimizing a classic criterion for VRP distance traveled, a topical economic objective for HHC agencies. Patients also receive special attention, with several papers focusing on patient satisfaction and quality of service. However, the third stakeholder, the staff members, are still too often forgotten, even if some studies are beginning to propose objective functions that are staff member-centered such as [START_REF] Zhang | Home Health Care Daily Planning Considering the Satisfaction of all the Stakeholders[END_REF], [START_REF] Khodabandeh | A Bi-Objective Home Health Care Routing and Scheduling Model with Considering Nurse Downgrading Costs[END_REF]. Indeed, few studies focus on staff member satisfaction, although they play a topical role in the quality of service and patient satisfaction and thus on the economic sustainability of the HHC agency. As the HHC sector suffers from the large turnover of its staff members, proposing methods aiming at staff members' satisfaction is an important avenue. Developing studies that find tradeoffs and reconcile the interests of the different stakeholders is a crucial challenge.

Conclusions

In this paper, we propose a literature survey on the routing and scheduling problem in the HHC context, a field that has received increasing attention in the recent years.

The main contributions of our literature survey are as follows:

• We provide a synthesis of the literature dealing with routing and scheduling in the HHC context, through a numerical analysis and a classification of the papers, emphasizing the large variety of problems studied and solutions proposed, objective functions considered (cost and preference for patients or staff members), constraints considered (related to visits, patients, or staff members), and highlighting the uncertain and dynamic aspects.

• We provide some discussions on current trends in HHC routing and scheduling,

showing several new recent characteristics, such as multi-modality or sustainability.

• We propose future research directions to solve realistic problems and help HHC agencies provide increasingly better services for their patients, ensuring a good working environment for their staff members, while being sustainable. 
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 7 Figure 7 shows that, among the 14 conferences with at least 2 publications, most conference papers are published in the fields of Automatic Control, Health Care Engineering and Management, Operations Research, Industrial Engineering, Engineering Management, Decision, or Scheduling. Here again, we observe a great diversity of topics and conferences, most of them (29) receiving only one publication in the HHC context.
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  [START_REF] Nickel | Mid-term and short-term planning support for home health care services[END_REF] consider the changes in the starting times of the cares, whileShi et al. (2017b) compute extra-working times and delayed visits. In[START_REF] Yuan | Disruption Management for the Real-Time Home Caregiver Scheduling and Routing Problem[END_REF], three criteria are jointly minimized: (1) changes in starting times of care, (2) changes in the length of the tour, and the succession of patients, (3) additional costs due to late penalties, overtime costs, etc. Costs induced by the changes in the initial planning are taken into account in 19% of papers: it includes delayed visit penalties or reassignment costs.Du et al. (2017b) consider a different problem with patients requiring a visit in an emergency. Their goal is to minimize the response time, i.e. to provide the visit as soon as possible after the request is sent by the patient in need.

  Figure 11 indicates the proportion of papers considering the main features we identified. The darker the feature is represented, the more it is studied in our selection of papers. As shown in Figure 11, this problem covers a variety of applicative research involving HHC agencies. Authors often use real-life instances to validate their methods. Objective functions and constraints are numerous. The results of this literature survey also show the large variety of problems addressed when considering planning in HHC agencies. Most of these are extensions of the VRP, with classically considered objectives (such as travel costs)
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Table 1 :

 1 Criteria comparison between real cases and theoretical papers (percentages of each subgroup)

	Objective function	Journal papers	Conference papers
		Case Study Theory Case Study Theory
	Route costs	79%	75%	70%	78%
	Staff member costs	39%	43%	33%	27%
	COSTS	79%	66%	89%	92%
	Patients preference	47%	36%	41%	35%
	Staff members preference 19%	21%	33%	14%
	PREFERENCES	58%	43%	63%	49%

  continues to apply. Some authors have considered public transportation modes, or some combinations of car, public transport, and walking. Combining transportation modes could significantly improve services and reduce costs. Furthermore, especially in urban areas, innovative modes of transportation are emerging, and new kinds of mobility are booming: car, bicycle or scooter sharing, as well as carpooling, are some examples.

Table 3 :

 3 Considered problem (Journal papers) -2

				Instances	
	Year First Author	References	Modeling and Resolution approach	Benchmark	Instances size (max)
	begur	Begur et al. (1997)	Heuristic	-	7 SM -200 V
	hindle	Hindle et al. (2000)	Heuristic	-	-
	bertels	Bertels and Fahle (2006)	CP-TS and CP-SA and CP-LP	-	50 SM -200 Pa -600 V
	eveborn	Eveborn et al. (2006)	Repeated matching algorithm	-	123 Pa -20 SM
	akjiratikarl	Akjiratikarl et al. (2007)	MILP -PSO	-	100 Pa -12 SM
	bredstrom	Bredström and Rönnqvist (2008)	MILP -B&P	-	90 Pa -16 SM
	chahed	Chahed et al. (2009)	MILP	-	-
	hindle	Hindle et al. (2009)	Heuristic	-	125 Pa -23 districts
	ben bachouch	Ben Bachouch et al. (2011)	MILP	-	7 SM -20 Pa
	bennett	Bennett and Erera (2011)	Rolling horizon planning approach	-	-
	trautsamwieser	Trautsamwieser and Hirsch (2011) MILP -VNS	-	512 V -420 Pa -75 SM
	trautsamwieser	Trautsamwieser et al. (2011)	MILP -VNS -LS	-	75 SM -512 V
	an	An et al. (2012)	2 phase heuristic approach -mip	-	20 Pa -1 SM
	nickel	Nickel et al. (2012)	ALNS -CP	-	361 Pa -12 SM
	rasmussen	Rasmussen et al. (2012)	MILP -B&P	Bredström and Rönnqvist (2008)	15 V -150 Pa
	shao	Shao et al. (2012)	GRASP -ALNS	-	-
	allaoua	Allaoua et al. (2013)	MILP -Matheuristic	Kergosien et al. (2014)	30 Pa -9 SM
	bard	Bard et al. (2013)	MILP	-	20 SM -280 Pa
	cappanera	Cappanera and Scutellà (2013)	MILP	-	163 Pa
	mutingi	Mutingi and Mbohwa (2013a)	MILP -Genetic algorithm	-	-
	bard	Bard et al. (2014a)	MILP -GRASP	-	45 Pa
	bard	Bard et al. (2014b)	MILP -DA -B&P -B&C	-	-
	cappanera	Cappanera and Scutellà (2014)	-	Nickel et al. (2012)	11 SM-162 V
	carello	Carello and Lanzarone (2014)	CC	Lanzarone and Matta (2014)	-
	di gaspero	Di Gaspero and Urli (2014)	CP -adaptive LNS	-	32 SM -40 V/day
	lanzarone	Lanzarone and Matta (2014)	-	-	-
	mankowska	Mankowska et al. (2014)	AVNS -MILP	-	300 Pa -40 SM
	mutingi	Mutingi and Mbohwa (2014)	MILP -FSE	Trabelsi et al. (2011)	-
	trautsamwieser	Trautsamwieser and Hirsch (2014) B&P&C -VNS -MILP	-	45 Pa -9 SM -203 V
	bowers	Bowers et al. (2015)	C&W	-	6 SM -168 V
	fikar	Fikar and Hirsch (2015)	2 stage Matheuristics	-	125 V
	hiermann	Hiermann et al. (2015)	two stage approach: MILP-CP (MA, SAHH, SS, VNS)	-	518 SM -717 V
	issaoui	Issaoui et al. (2015a)	3 phase metaheuristic based on VND and LPT -MILP	Trautsamwieser and Hirsch (2011)	30 Pa -4 SM
	lieder	Lieder et al. (2015)	DP -mip	-	5 SM -42 V
	maya duque	Maya Duque et al. (2015)	2 stage approach (set partitioning) -MILP	-	109 Pa-21 SM -562 V
	misir	Mısır et al. (2015)	-	-	-
	rodriguez	Rodriguez et al. (2015)	MILP -2 stage approach	-	-
	yuan	Yuan et al. (2015)	MILP -CG-B-P	Solomon (1987)	-
	ait haddadene	Ait Haddadene et al. (2016a)	MILP -GRASP-ILS	Bredström and Rönnqvist (2008)	73 Pa -16 SM
	braekers	Braekers et al. (2016)	MILP -epsilon-const -ALNS	Hiermann et al. (2015)	171 Pa -89 SM -300 V
	fikar	Fikar et al. (2016)	Matheuristic	Fikar and Hirsch (2015) ;	125V
	heching	Heching and Hooker (2016)	MIP -CP -LBBD	-	60 Pa -18 SM
	lin	Lin et al. (2016)	MILP	-	560 Pa -12 SM -643 V
	redjem	Redjem and Marcon (2016)	Heuristics	-	60 Pa -30 SM
	rest	Rest and Hirsch (2016)	MILP -TS	-	127 Pa -46 SM -202 V
	wirnitzer	Wirnitzer et al. (2016)	MIP Approach	-	143 Pa -37 SM -1114 V/week
	yalcindag	Yalçındag et al. (2016b)	MILP -2 stage approach	-	-
	yalcindag	Yalçındag et al. (2016a)	Two-phase approach	-	300 Pa -16 SM -557 V
	cappanera	Cappanera et al. (2017)	CC	-	3 SM -60 Pa
	du	Du et al. (2017b)	IMA	-	50 Pa
	du	Du et al. (2017a)	GA-LS	-	-
	erdem	Erdem and Bulkan (2017)	MILP-VNS	Hiermann et al. (2015)	-
	frifita	Frifita et al. (2017)	G-VNS	Bredström and Rönnqvist (2008)	16 SM -80 V
	guericke	Guericke and Suhl (2017)	MILP -ALNS	Trautsamwieser and Hirsch (2014) ; Cappanera and	-
				Scutellà (2013) ; Cappanera and Scutellà (2014)	
	liu	Liu et al. (2017)	MILP -B&P	Solomon (1987)	100 Pa -12 SM
	luna	Luna et al. (2017)	EA	-	374 SM
	marcon	Marcon et al. (2017)	Sim -MaS	-	130 SM -300 Pa
	quintana	Quintana et al. (2017)	Heuristics -CM	-	9365 Pa
	shi	Shi et al. (2017c)	MILP Genetic	Solomon (1987)	-
	yuan	Yuan and Jiang (2017)	TS	-	9 SM -50 Pa
	carello	Carello et al. (2018)	CC	-	
	decerle	Decerle et al. (2018b)	MA	Bredström and Rönnqvist (2008)	80V
	demirbilek	Demirbilek et al. (2018)	SBA	-	-
	fathollahi-fard	Fathollahi-Fard et al. (2018a)	MILP -Heuristics -memetic Metaheuristics -epsilon constraint	-	20 SM -200 Pa -8 types of vehicles
	fikar	Fikar and Hirsch (2018)	event-driven biased-randomised Heuristic and Matheuristic	Fikar and Hirsch (2015) ; Solomon (1987)	100 Pa -125 V
	lin	Lin et al. (2018)	Metaheuristic	-	38 SM -95 Pa -361 V
	liu	Liu et al. (2018)	epsilon constraint method, heuristics	-	18 SM -65 Pa
	mosquera	Mosquera et al. (2018)	IP-LS	-	28 SM -127 Pa
	nasir	Nasir and Dang (2018)	VNS	-	91 SM -260
	szander	Szander et al. (2018b)	MILP	-	9 SM -56 Pa
	szander	Szander et al. (2018a)	Heuristic	-	11 SM -73 Pa
	yuan	Yuan et al. (2018)	B&P	-	9 SM -50 Pa
	zhan	Zhan and Wan (2018)	scenario-based MIP -heuristic based on TS	-	40 Pa
	fathollahi-fard	Fathollahi-Fard et al. (2018b)	MILP-Lagrangian relaxation-based algorithm	-	20 SM -200 Pa -8 types of vehicles
	sinthamrongruk Sinthamrongruk et al. (2018)	Fuzzy logic -heuristic	-	8SM -40 V
	chaieb	Chaieb et al. (2019)	MILP -k-means -hungarian algorithm -TS	Rasmussen et al. (2012)	15 SM -154 V
	decerle	Decerle et al. (2019a)	MILP-MA-ACO	Bredström and Rönnqvist (2008)	20 SM, 80V
	decerle	Decerle et al. (2019b)	MILP-MAMO-trade off analysis	Bredström and Rönnqvist (2008)	20 SM, 80V
	dekhici	Dekhici et al. (2019)	Firefly algorithm	-	4 SM-20 V
	demirbilek	Demirbilek et al. (2019)	SBA	-	
	fathollahi-fard	Fathollahi-Fard et al. (2019)	Lagrangian relaxation-based algorithm -Heuristics	-	20 SM -200 Pa -8 types of vehicles
	gomes	Gomes and Ramos (2019)	MILP	-	9 SM -190 Pa
	grenouilleau	Grenouilleau et al. (2019)	Heuristic -LNS	-	20 SM -150 Pa -430 V
	heching	Heching et al. (2019)	LBBD -MILP-CP	Rasmussen et al. (2012)	60 Pa -270 V
	liu	Liu et al. (2019a)	ANS	Solomon (1987), Gehring and Homberger (1999)	200 Pa
	liu	Liu et al. (2019b)	MILP -B&P	-	9 SM -50 Pa
	moussavi	Moussavi et al. (2019)	Matheuristic	-	10 SM -30 Pa
	nasir	Nasir and Dang (2019)	MILP-VNS-ROC Curves	-	120 SM-300 Pa
	restrepo	Restrepo et al. (2019)	Context-free grammar, Stochastic programming	-	500V
	riazi	Riazi et al. (2019)	gossip algorithm, CG, Dantzig Wolf Decomposition, MILP	Solomon (1987),Gehring and Homberger (2002)	200 Pa
	Sum			23	
	Percentage(%)			25.56	
	Neighborhood Search ;				

V: Visits; SM: Staff member; Pa: Patients; ALNS: Adaptive Large Neighborhood Search; ANS: Adaptive Neighborhood Search; BB: Branch & Bound; BD: Bender Decomposition; BP: Branch & Price; BPC: Branch & Price & Cut; CC: Cardinality Constraints; CG: Column Generation; CP: Constraints Programming; CW: Clarke & Wright; DA: Decomposition Approach; DP: Dynamic Programming; ε C: ε-Constraints; 2S: 2 Stage; FSE: Fuzzy Simulated Evolutionary; GA: Genetic Algorithm; GRASP: Greedy Randomized Adaptive Search Procedure; ILS: Iterated Local Search ; LNS: Large Neighborhood Search; LBBD: Logic Based Benders Decomposition; LS: Local Search; MA: Memetic Algorithm; MAMO : Memetic Algorithm for Evolutionary Multiobjective Optimization; MaS: Multi-agent System; MILP: Mixed Integer Linear Programming; PSO: Particle Swarm Optimization; ROC: Receiver Operating Characteristic RHP: Rolling Horizon Planning; RMA: Repeated Matching Algorithm; SA: Simulated Annealing; Sim: Simulation; SS: Scatter Search; TS: Tabu Search; VND: Variable Neighborhood Descent; VNS: Variable

Table 5 :

 5 Considered problem (Conference papers) -2

					Instances	
	Year	First author	References	Modeling and Resolution approach	Benchmark	Instances size
		borsani	Borsani et al. (2006)	MILP	-	382 Pa -25 SM
		elbenani	Elbenani et al. (2008)	MILP -TS	-	-
		kergosien	Kergosien et al. (2009)	MILP	-	40 V
		misir	Mısır et al. (2010)	MILP -Heuristics	-	-
		redjem	Redjem et al. (2011)	MILP	-	14 Pa -4 SM
		cattafi	Cattafi et al. (2012)	-	-	-
		gamst	Gamst and Jensen (2012)	MILP -BP	-	-
		errarhout	Errarhout et al. (2013)	MILP	-	-
		gayraud	Gayraud et al. (2013)	MILP	-	30 Pa -4 SM
		jemai	Jemai et al. (2013)	MILP -Tabu search	-	-
		luna	Luna et al. (2013)	MILP	-	10654 V -1375 Pa
		cappanera	Cappanera et al. (2014)	Sim -MILP	-	6 SM -80 Pa
		di mascolo	Di Mascolo et al. (2014)	MILP	-	-
		espinouse	Espinouse et al. (2014)	MILP	-	64 V -30 SM -80 Pa
		kergosien	Kergosien et al. (2014)	MILP -TS-VNS	-	250 Pa -20 SM -5 labo
		labadie	Labadie et al. (2014)	MILP -ILS	Bredström and Rönnqvist (2008)	16 SM -45 Pa
		masmoudi	Masmoudi and Mellouli (2014)	MILP -2 stage MILP Heuristic	-	88 V -15 SM -50 Pa
		riazi	Riazi et al. (2014)	MILP -Gossip algorithm and Relaxation	-	30 V -5 SM
		yuan	Yuan et al. (2014)	MILP -B&P&C -CG	Solomon (1987)	-
		aiane	Aiane et al. (2015)	MILP	-	15 Pa -5 SM
		cattafi	Cattafi et al. (2015)	CP -LNS with restart	-	-
		en-nahli	En-nahli et al. (2015)	MILP	-	40 Pa -8 SM
		laesanklang	Laesanklang et al. (2015)	MILP -DA	-	1011 SM -1726 V
		rest	Rest and Hirsch (2015)	TS based metaheuristic	-	46 SM -202 V
		xie	Xie and Wang (2015)	MILP	-	-
		ait haddadene	Ait Haddadene et al. (2016b)	NSGAII	Bredström and Rönnqvist (2008)	16 SM -73 Pa
		decerle	Decerle et al. (2016)	MIP -Two phase Matheuristic	-	60 V
		en-nahli	En-nahli et al. (2016)	MILP -RVND-ILS	Bredström and Rönnqvist (2008)	20 Pa -4 SM
		manerba	Manerba and Mansini (2016)	MILP -B&P	-	12 SM -15 Pa -20 V
		nguyen	Nguyen and Montemanni (2016)	MILP -GA	-	
		alves	Alves et al. (2017)	GA-PSO	-	12SM-31Pa
		baumann	Baumann (2017)	MILP	-	-
		carello	Carello et al. (2017)	IAA	-	98 Pa
		chen	Chen et al. (2017)	MILP-SAA-LR	-	199 SM -2062 Pa
		decerle	Decerle et al. (2017)	MA	Bredström and Rönnqvist (2008)	80 Pa
		di mascolo	Di Mascolo et al. (2017b)	2OPT-Heuristic	-	10 SM
		el hajri	El Hajri et al. (2017)	MILP	-	4 SM-14 Pa
		gunawan	Gunawan et al. (2017)	ILS	-	4 SM -228 Pa
		lahrichi	Lahrichi et al. (2017)	DA	-	20 SM -300 Pa
		naji	Naji et al. (2017)	MILP	-	15 SM
		shi	Shi et al. (2017a)	FCCP-HGA	A-series	-
		shi	Shi et al. (2017b)	SPR-HGA	-	25 Pa
		sinthamrongruk Sinthamrongruk et al. (2017)	GA-ALS	-	-
		xie	Xie and Wang (2017)	Sim-Repair Method	-	-
		yalcindag	Yalçındag and Matta (2017)	MILP-DA	-	2 SM-15 Pa
		alves	Alves et al. (2018b)	GA	-	78V
		alves	Alves et al. (2018a)	MaS -GA	-	5 SM -15 Pa
		decerle	Decerle et al. (2018c)	MILP -multidimensional LS	Bredström and Rönnqvist (2008)	80 V
		decerle	Decerle et al. (2018a)	MILP -Matheuristic	Solomon (1987)	50 Pa
		di mascolo	Di Mascolo et al. (2018)	MILP	-	18 SM -30 Pa
		eliseu	Eliseu et al. (2018)	Greedy heuristic, biased (randomization	-	6 SM -23 Pa
				process, local search, MIRHA approach)		
		feng	Feng and Wang (2018)	MILP	-	-
		garaix	Garaix et al. (2018)	MILP	-	177 SM -1077 V
		martinez	Martinez et al. (2018)	MILP-Heuristic	-	35 SM -200 Pa -742 V
		riazi	Riazi et al. (2018)	MILP-CG	-	10 SM -100 Pa
		siu	Siu et al. (2018)	MILP, GA	-	16 SM -90 Pa
		tohidifard	Tohidifard et al. (2018)	MILP-GA-PSO	-	25 SM -175 Pa
		Xiao	Xiao et al. (2018)	MILP	-	15 SM-23 V
		yang	Yang et al. (2018)	Best-Worst ACO	-	7 SM -30 Pa -60V
		zhang	Zhang et al. (2018)	mip, modified ACO	-	8 SM-105 V
		alves	Alves et al. (2019b)	Tchebycheff method -Genetic algorithm	-	5 SM -22 Pa
		alves	Alves et al. (2019a)	MILP	-	5SM -15 Pa
		espadinha	Espadinha and Cardoso-Grilo (2019) MILP	-	-
	Sum				8	
	Percentage (%)			12.70	
	Global Sum			31	
	Global Percentage (%)			20.26	

V: Visits; SM: Staff member; Pa: Patients; 2S: Stage; ACO: Ant Colony Optimisation BP: Branch & Price; BPC: Branch & Price & Cut; CG: Column Generation; CP: Constraints Programming; DA: Decomposition Approach; FCCP: Fuzzy Chance Constraint Programming; (H)GA: (Hybrid) Genetic Algorithm; IAA: Implementor Adversarial Approach; ILS: Iterated Local Search; LNS: Large Neighborhood Search; LR: Lagrangian Relaxation; MILP: Mixed Integer Linear Programming; NSGAII: Non-Dominated Sorting Genetic Algorithm 2 ; PEA: Parallel Evolutionary Algorithm; PSO : Particle Swarm Optimisation; RVND: Random Variable Neighborhood Descent; SAA: Sample Average Approximation; SPR: Stochastic Programming model with Recourse; Sim: Simulation; TS: Tabu Search; VNS: Variable Neighborhood Search
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