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ABSTRACT

The issue of care for the elderly is a real challenge for our society. The French government offers solutions to users,
particularly through institutions hosting for dependent elderly people (nursing homes). We position ourselves in this study
in the field of health logistics. We are particularly interested in the implementation of an innovative tool to provide, in real-
time, the best possible organization of resources for an efficient patient care. For that, we propose a software solution in
the form of a dynamic dashboard, in order to represent and optimize the overall behaviour of a nursing home and
especially in terms of resource allocation. This allocation should be in accordance with the workload, patient needs and
time constraints. The results show the effectiveness of our solution compared to an intuitive organization based on the
experience and the organizational strategies of staff.
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INTRODUCTION

News Healthcare is a wealth of information. However, a topic comes up regularly: older people often referred to as
‘dependent’. Our seniors’ age and their number is growing. This is all the more worrying that aging inevitably accompanied
by a loss of autonomy.

To meet the needs of users, the French government offers a number of solutions ranging from maintaining the
accommodation home via temporary accommodation until permanent accommodation institution. We focus on the latter
type of accommodation, especially for Institutions Accommodation for Dependent Elderly (nursing homes). Nursing homes
have the particularity to offer permanent housing while ensuring monitoring and medical management. The professionals
involved in this kind of structure come from different backgrounds, and their coordination is essential.

On the other hand, the law of the medico-social sector is very rich and has continued to evolve. These requirements affect
different themes, such as the rights and freedoms of users who are placed in the focus of the functioning and the
organization of structures. A balance must be found between community life and respect for the wishes and desires of
each, which affects the overall organization of the institution.

On the economic level and according to the current crisis, funding for these structures is scarce and renewal agreements
are delayed. These agreements allow normally an update of the resources allocated so that they are aligned with the
needs of residents. However, institutions are forced to function with the same quantity of resources, but integrating an
increasingly heavy patient care. In this context, the search for organizational strategies and sharing of resources is a
challenge.

We position ourselves in this study in the domain of the health logistic. We are particularly interested in the usage of
innovative logistic tools in order to achieve the best possible organization of a nursing home for an effective patient care.

The French Association for Logistics (ASLOG) defines logistics as ‘the art and the way to provide a given product at the
right time, right place, with the lowest cost and the best possible quality.’

In this context, the main objective of our work is to use innovative logistics tools, in the most effective way, to offer patients
of a nursing home an effective care and thus provide them the right care at the right time, with the lowest cost and with the
best possible quality of service. This is to optimize the distribution of the workload (based on different types of resources)
induced by residents whose desires and wishes must be respected.

The used logistic tools must generate a solution which organizes effectively human and material resources of a nursing
home. This solution must satisfy some constraints induced by the management of the establishment and the patient care:

1. The establishment and all staff must continually make to better respond to the wishes, desires, rights and
freedoms of the supported patients.

2. The adequate staff must be present at the right time, right place and in sufficient numbers.

3. The staff should not have too much free time. However, time issues and work breaks must respect the labour
rights and the various collective agreements.

It should be noted that in this study, we focus on the operation of a nursing home and especially on all tasks related to the
care and support of residents, excluding administrative, catering, laundry and maintenance tasks. The considered period
is a typical day not including night work and the regulatory constraints on cycles.

Before presenting our contribution, we present in the following section a state of the art concerning health logistics
problems and their correspondent proposed solutions. In the third part, we justify the adopted approach used to realize the
logistic tool presented in the fourth section. In the fifth part of this paper, we prove the effectiveness of the proposed
solution. Finally, we conclude the paper in the sixth section where we expose some prospects.

STATE OF THE ART

The Logistic problems in the healthcare environments are essentially the same that those in the industry field; we have to
reach the best possible organization according to the needs, effectively distributing the material and human resources in
terms of availability and skills.

Nowadays, one of the most important healthcare logistics issues is to find the most efficient way for the patient care in the
health facilities. The patient journey can be likened to a production line with various constraints such as the time and skills
management to perform a treatment.

However, and by analogy with the logistic problems in industry, the work (care) is not made on ‘items’ but on human
whose wishes and needs must be respected. Then, we cannot predict accidents and emergencies.

In 2011, Daknou[l] proposes in his thesis an agent based Decision Support System (DSS) integrating optimization
algorithms. This system, developed for the emergency of CHR of Lille, aims to distribute efficiently the workload of the
various members of the medical team knowing that this distribution takes into account their availability, skill level and
emergency levels of patients. The proposed solution is mainly adapted to the dynamic nature of the medical teams. In fact,
teams must be formed and deformed in real time to support patients simultaneously. These teams are not static but may
exchange personnel as needed. A state of the art of methods and applications for workforce planning was introduced in
2004 by Ernst et al. [2].
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On the other hand, the workload repartition to the nurses’ staff was studied with interest. Again, the use of optimization
algorithms allows an efficient allocation of the workload, taking into account the various constraints of the institution in real
time. A state of the art on the distribution of nurses' workload was done by Cheang et al. 2003 [3] then by Burke et al. en
2004 [4]. Since then, many studies emerged using several types of algorithms based on various kinds of constraints that
depend on the establishment. For example in 2013, Hadwan et al.[5] propose a harmony search algorithm which is a
metaheuristic which has to find, for each musician, the perfect harmony in a musical orchestra. Each musician
corresponds to a decision variable which has to have the best possible value. This work has provided good results
compared with the solutions found in the literature for the same problem.

Regarding the scheduling of tasks in the Operating Room (OR), a tool was developed by Chandoul et al. in 2012 [6]to the
hospital in Maubeuge in France. The proposed solution based on a genetic algorithm which is a metaheuristic inspired

from the theory of evolution (Fig 1). The model has been implemented and has proven its effectiveness: it sets the most
optimal organization of tasks in the OR taking into account its constraints.
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Fig 1:Basic behaviour of the genetic algorithm [7]

Issues related to health logistic do not just stop to DSS for workload planning and task scheduling. They also concern
drugs. Indeed, the management of medical equipment in health facilities is also one of the most important logistic issues
today in the field of health. Hassan's thesis in 2006 [8], helped to organize the overall management of medical equipment.
In fact, on the basis of a model of Logistics (LC) Chain in hospital, the flow of materials, supplies and medicines have been
optimized. The thesis of Di Martinellyin 2008 [9], presents a modelling framework to help decision makers to reorganize
and assess their pharmaceutical LC, taking into account the patient flow.

So, to solve logistic problems, new tools for decision support are beginning to be developed and used in the field of health.
These tools, which we call innovative logistics tools, are based on complementary modelling and optimization techniques.
Modelling is used to represent a system with its components (actors, objects, etc.) and its internal and external
interactions. Optimization, in turn, allows finding the best possible strategy to adopt, taking into account a set of criteria
and constraints.

There is still no work dealing with the use of logistic tools in the medico-social sector. However, we are inspired from what
has been done in the literature, in particular on the complementarities between modelling and optimization approaches
and tools.

In what follows, we justify the use of tools and methods used for the implementation of the proposed solution presented in
the fourth section.

2941 |Page Nov 30, 2013



L& ISSN 2277-3061

METHODS: INNOVATIVE LOGISTIC TOOLS

According to the state of the art presented in the previous paragraph, new logistic means emerge, specifically in the health
field, and are of two types. Firstly, the tools to represent the behaviour of an organization, to map its functioning and to
translate its available resources, but also the constraints placed on it. This is the principle of modelling. With the latter, the
existing organization can be tested by simulate normal functioning (permanent mode) or disturbed functioning (transient
mode). Finally, coupled with the modelling, optimization tools can also be used. The purpose of this complementarity is
clearly to represent a system (via a template) before optimizing its functioning.

These new tools, which we call innovative logistic tools, are able to design complex systems, considering the behaviour of
their actors, the flow exchange, the resource utilization, etc. and optimize the system performances in accordance with the
correspondent constraints and objectives.

The modelling

To best represent the functioning of an establishment, we have first to determine the most appropriate modelling logistic
method according to the purpose.

Selection of the method

There are many methods to model and analyze logistics system in the health domain [10]. Among these methods, those
that can effectively represent today's logistic systems are classified into two categories: the process oriented
Approaches (POA) and the Agent Oriented Approaches(AOA) [11, 12]. Compared to the POA, the AOA is centred on
the rational and social behaviours of a system’s components. The aim of our modelling is not the behaviour analysis of
each actor (resident, nurses, etc.) but that the global functioning of the system. So the AOA is not the most suitable
approach. Thus we choose the POA, and especially the workflow technology.

The POA and the Workflow

The best-known approaches for modelling the organizations are: ARIS (Architecture of Integrated Information System) [13,
14], SCOR (Supply Chain Operations Reference-model) [15] and ASCI (Analyse, Specification, Conception et
Implementation) [16]. However, the trend is now towards a modelling process that visually represents the activities of
organizations as ‘active flowcharts’. This discipline uses today the acronym BPM ‘Business Process Management’. It
gives to an organization the means to control and manage its business processes and not just to model them. Hence the
appearance of the GRAI method [17] that especially focuses on the decision-making aspects of the processes. Another
more recent approach, corresponding to a new type of modelling has emerged. It is called ‘electronic business process
management’ more known as the workflow. This technique, dedicated to business processes, can represent a system and
then implement it, basing on the graphic language BPMN. We adopted this technique because it is the most adapted
approach to our objective modelling. In fact, the workflow creates a model representing the behaviour of a system and
then implements with integrated engine. During the application, the workflow allows human actors to interact at the right
time in reading and/or writing with the system through GUIs. In reading: in order to have the right information at the right
time to perform current tasks. In writing: in order to promptly give the system necessary data for an efficient running.

The BPMNIlanguage and the Workflowtool

The Business Process Modelling Notation(BPMN) is a graphical language standardized by the BPMI (Business Process
Management Initiative) [18] in order to design and manage business processes [19]. Devices using this type of language
correspond to the Workflow tools. These latter can be equipped with a simulation module in order to verify the progress of
processes in a system, examining the consumption of human and material resources. An interesting comparison of these
tools has been done by Liu et al. in 2011 [20]. Among these tools, we chose Bonitasoftl qui which has the advantage, in
addition to being free, to have the possibility to implement the model with an integrated engine, automatically generate
interfaces to allow human interaction with the system and finally simulate this latter thanks to its simulation tool. In
addition, this tool allows the link of the system with other external, through connectors.

The basic graphical items to represent a workflow model (the BPMN language) are (Fig 2): the events (start, intermediary
and end), gateways (and, inclusive/exclusive or), tasks (human, service, sub-processes, etc.), lanes (representing
processes and can be subdivided of pools), artefacts (decoration objects) and the connection items (different types of
arrows to connect the other items of the workflow).

So, we adopted this approach to model the organization of a nursing home in terms of business processes. The result of
the modelling is presented in the second part of the fourth section and the link with the optimization is highlighted through
the general system architecture presentedin the first part of the fourth section.

! http://www.bonitasoft.com
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Fig 2: Basic items of the BPMN language [18]

The optimization
Basic concepts and positioning

Optimization addresses issues that can be expressed as functions (size dependent on one or more variables) or
algorithms with varying complexity. It has ancient origins, but it was really developed from the twentieth century, when it
appeared the concept of stock management (with the formula of economic lot).

Then, we looked for ways and techniques to make a decision and get the best possible result, so the decision-making
tools; thus was born the Operations Research (OR). The goal is to successfully analyze complex situations in order to
assess the issues that depend on them and so make appropriate choices. Specifically, the OR tools aim to find the optimal
value, called optimum corresponding to the minimum or maximum of an Objective Function (OF). The latter is based on a
set of decision variables (DV) which are selected to optimize a number of criteria (time, cost, etc.). The choice of these DV
must be done respecting a set of Equality and Inequality Constraints (EC and IC). All these constraints delimit the search
space for the optimal solution.

Formally [21, 22], an optimization problem is in the following form :
Minimizing f(x_)) (the OF to optimize) with :
e X € R":regroups the (n) DV
. g(x_)' € R™ : regroups the (m) IC
o g() <0
. h(ﬁ € RP : regroups the (p) EC
o h(x)=0

There are several types of optimization problem, depending on the characteristics of the problem issues: the number and
the type of DV, the type of the OF and the type of the problem (formulated with or without constraints). This classification

is summarized in the Error! Reference source not found.[23].

In the field of the OR, two types of problems exist: strategic issues (finding, based on various constraints and objectives,
the best solution) and operational problems (determining the order of execution of many tasks). The problem we address
in this study is both strategic and operational. Indeed, the goal is to efficiently allocate human and material resources to
the care tasks: optimizing time and workload (2 objectives), basing on time and resource constraints (2 constraints).
Therefore, the DV correspond to the dates of the beginning and the end of the different care tasks.

Depending on its complexity, solving this kind of problem requires the use of scheduling approaches, accurate and/or
approximate. We are talking here about combinatorial optimization.

To summarize, the problem we deal with in this study is multi-variable, combinatorial, non-linear, constrained and multi-
objective.
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Table 1.The optimization problems classification [23]

Type
Mono-variable

Problem characteristics

Number S
>1 Multi-variable
Continuous .

. Continuous
Decision real number
variable (DV -
(V) Integer Discrete
Type

Permutation of

a finite set of |Combinatory

numbers
Linear Linear
function of DV
Objective Quadratic .
function Type function of DV quadratic
Non-linear ]
function of DV hon-lingy
With with
Problem constraints constraints
. |Type . .
Formulation Without without
constraints constraints

Multi-objective problemresolution

There are several methods for solving multi-objective problems [21] :

Interactive methods: these are progressive methods of finding a single solution at a time. Users can set their
preferences before or during or optimization process, according to a compromise between the objectives

Fuzzy methods: these are methods that involve fuzzy logic [24] to solve of multi-objective optimization problems.
Unlike classical logic, where everything is described in binary manner (true or false), fuzzy logic can handle the
uncertainty, vagueness and the transitions between states in human knowledge. This logic is based on fuzzy sets and
was developed by Zadeh[25].

Decision support methods: these are the only methods dedicated to solve multi-objective optimization problems
and which work only on discrete sets of points, and are not based on dominance relations. These methods generate a
set of solutions by establishing an order relation between the different elements.

The Metaheuristics: it is a large family of optimization methods to solve difficult problems: combinatorial
optimization problems with discrete variables and global optimization problems with continuous variables. These
methods are characterized by a high level of abstraction, which allows them to be adapted to a wide range of
problems, from simple local search algorithms to complex global search algorithms. There are several types of
metaheuristics :

o Method of local search: e.g. simulated annealing and tabu search.

o Constructive approach: allow to reduce the size of the problem, at each stage, in order to progressively
restrict the set of possible solutions.

o Evolutionary Approaches:
= Evolutionary algorithms: e.g. genetic algorithms and dispersed research

= Ant Colony Algorithms.

Hybrid approaches: the combination of evolutionary algorithms with local search algorithms can produce interesting
results.

The methodselection

In this study, we chose to adopt the metaheuristics and especially evolutionary algorithms to optimize the scheduling of
resources required to perform the care tasks in a nursing home. Indeed, these algorithms have been very successful in
solving combinatorial optimization problems, in particular the scheduling problems [26, 27]. There are several possible
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algorithms based on metaheuristics. We chose to use Genetic Algorithms (GA) thanks to the flexibility of this approach, its
efficiency and its controllable time calculation [28, 29].

Knowing that an individual represents a solution, the principle of this algorithm is presented by theFig 1 : from a starting
population of individuals, being evaluated, the best individuals are selected to undergo crossover and mutation operations.
Following this operation, the best individuals are kept, and so on. The probabilities of mutation and crossover should be
adjusted to achieve better results. The execution time of the algorithm depends on the number of iterations, that is to say,
the number of generations. Finally, the algorithm provides the best solution found through all generations. In general,
followers of GA prefer to keep a classified archive of best solutions.

Finally, being based on metaheuristics, this type of algorithm is used to test a large number of opportunities at the same
time (the individuals in the population), and does not stop at the minimum (or maximum) local solution. Indeed, the
constraints imposed by the residents and resources in a nursing home do not involve a single operation: several solutions
may be possible. The algorithms not using metaheuristics will stop at the first solution found. The genetic algorithm
searches all existing solutions (within the limits of a fixed number of iterations) and determines the best, that is to say, the
global optimum.

RESULTS
The system architecture

We remind that the objective of our work is to create a DSS to provide, in real time, the best possible organization of
human and material resources for an optimal quality of care of the patients in nursing homes. We named this DSS “OWS”

for “Optimized Workflow System”. Its architecture is shown in the Fig 3and discussed in the following.

Firstly, we model the global organization of the nursing home (the different process) using the POA. The result of this step
is a workflow Model (1). We associate with this model an optimization tool called the optimizer (2). This latter is based on
an evolutionary algorithm allowing efficient scheduling of human and material resources to perform the care tasks. Thus,
the optimizer generates in real-time the optimal allocation of the resources, taking into account the constraints of the
establishment (availability of resources, deadlines, etc.). The result of this optimization is then injected into the model and
implemented by the workflow engine (3). This latter allows, through fixed or mobile computer devices, (Smartphone, tablet,
etc.) to disseminate the workplan of each actor (4). The application must provide the right information to the right resource
at the right time to complete the tasks that were assigned to him (this is the innovative logistics). These same devices also
allow the human resources to interact with the tool by entering the necessary information in order to ensure the good
sequence of activities and exchanged data flows to reach an effective collaboration organization. The system interaction
with human resources through these computing devices interfaces is detailed later.

B=_ @

The optimizer

\ Connectors
s
LRl

TR

The workflow model The workflow
engine

Fig 3: The OWS architecture

The Modelling

As justified in the previoussection, we adopted the workflow technique (based on the BPMN graphical language) and used
the BonitaSoft software, to model the overall functioning of a nursing home. Before presenting the model, we explain the
organization of a ‘typical day’ in a nursing home.
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A typicalday Organisation

A full day in a nursing home is divided into three Work Packages (WPs) (Fig 4). Each WP is defined by a set of tasks and
a fixed deadline to not exceed.

Typical day
< >
WP1 WP2 WP3
( Task1 Task 2 Task3 \
P

Fig 4. A typical day representation

We consider in this work that the tasks are not preemptible and the entire staff is continuously present during the
accomplishment of WPs, that is to say, the breaks and changes of teams do not impact the execution of considered tasks.

These WPs are described as follows:

1. The first WP (WP1) consists of the wake-up and the breakfast with the drugs distribution;

2. The second WP (WP2) includes the toilet, potential care (medical and paramedical) and dressing;
3. The third WP (WP3) includes the dinner and at bedtime with drug distribution.

We chose to exclude certain measures of a typical day, as the transmission time and meetings, entertainment and taste.
Indeed, these tasks are not likely to be optimized because they either do not directly concern residents (transmissions and
meetings), or they do not involve scheduling problems (animation and taste).

The global workflow model

In order to model the organization of a nursing home, we have to represent separately its various units. To simplify the
representation, we have shown only one unit (Fig 5). In future work, we will represent all units (three) and their
interactions within the overall model.

Fig 5: The global workflow model of the nursing home

Each unit is defined by a series of tasks divided into three WPs of a typical day, as defined in the previous section. Each

WP is represented by a sub-process in the global model. This latter (Fig 5) is thus composed of a main process
(corresponding to unit 1) and three sub-processes (corresponding to the three WPs).

A patient care is a mission related to a particular instance of the model. So each mission is a sequence of tasks to
perform. This sequence is not always the same; it depends on the current instance of the process, for example the
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eventuality for a patient to have (or not) a treatment. All stages are connected by transitions (arrows), determining the
order in which the process takes place. These transitions are the inputs or outputs of the gateways and are activated if the
correspondent conditions are true. These conditional branches are linked to users’ GUI for controlling the flow sequencing.
The arrangement of the different instances represents the patients’ scheduling; some of them are supported at the same
time (parallel instances), and others not (sequential instances).

Variablesdeclaration

Once the different stages represented, we must define global variables (Fig 6) which will be used during the

implementation of the model.

B22
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el - [ nbreas - Entier =
Données @ rbreay - Entier Ajouter
Sélecteurs d'acteur [ nbrelDE - Entier Editer,
e -0 nbreMateriel - Entier S

Fig 6: The variables’ Settings

There are two types of global variables:

e The dataresources. These variables allow the interaction (Fig 3) between the workflow model (1) and the optimizer
(2) through the workflow engine (3). For example: nbrelDE and nbreMateriel variables correspond respectively to the
number of nurses and equipments available in the establishment.

e The transition conditions. These variables enable the interaction (Fig 3) between the workflow model (1) and the
communication devices (4) through the workflow engine (3).

It should be noted that when the running of the sub-processes (representing WPs) requires the access to the data of the
global process (which is often the case), the system uses the ‘Mapping’ technique which allow an efficient sharing of data
between global processes and its sub-processes.

Actorsdeclaration

This is to select, in terms of skills, the actors (resources) needed to achieve each task (Fig 7). So, each selected human
resource will have on his IT support, the correspondent GUI of the running task.
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Fig 7: The skills parameters (Actors selection)
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The unit workflow model

The Fig 8 shows a model of a typical unit of the nursing home (Unit 1). This latter is represented by a global process
triggered by a start event and closed by an end event. It includes all stages of the course of a typical day for a patient. This
typical day is decomposed into a set of WPs each represented by a sub-process.

3 1 a)istlibution de
* Blocl g Bloc2 * Temps libre 1 » *  médicaments 2 .
Debut [H H NS

- %epas du midi

-

00:45:00

v
1
%r+c| 3 . Temps libre3 |+ <C)>w 2 creonalil @ N} 4
o Y g1
A

v r
O :
Temps libre 2
Fin
v
i
-

Unité 1

Fig 8:A care unit workflow model (unit 1)
The Work package modelling

We consider the sub-processes of the second work package (WP2) of the first unit (Unit 1). This latter is represented by
theFig 9. All the steps of a sub-process are shown according the same principle as the global process discussed in the
previous section: all stages are connected together by transitions and gateways to determine the order in which runs the
modeled process. Gateways are used when some steps are not applicable to all residents. In this case, we use a special
symbol (here an inclusive gateway) which allows the transition to one or more steps.

i 3 :

Toilette

C

; O

Bloc2

Fig 9: A workpackage workflow model (WP2)

As shown in the Fig 9, between the steps toilet (fr." toilette *), care (fr. * soins ) and dressing (fr. * habillage *), we used
an inclusive gateway which allows:

e The transition from the toilet step to the dressing step directly ;

e Or the transition from the toilet step to the dressing step while passing by the care step.
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Once the various steps represented, we have to declare the different variables and actors of sub-processes. This
declaration is made in the same way that the global process.

For example, concerning the condition of transition from the toilet step to the carestep : the value assigned to the Boolean
variable “Soins” identifies if the resident requires care (true value assigned) or not (false value assigned). If he requires,
the model takes into account both the care and the dressing steps. In fact, this latter step is selected by default (striked
out arrow).

Time modelling: the timerevent item

Some tasks require a shorter or longer assistance from the teams. A somewhat dependent resident may require only five
minutes of assistance for his toilet, but he may take twenty minutes to continue to wash only. To represent this time
condition, we use an intermediate timer event item in the form of a configurable timer, placed after the concerned step. We

can see in the Fig 9that both the toilet and the dressing steps have a timer event.
Actors-system interaction via graphical interfaces

As mentioned earlier, we chose to generate graphical interfaces (as web forms). These interfaces allow human resources
to interact with the application to set or get the right information at the right time for any patient care scenario. A scenario
is thus a special instance of the workflow model that represents the care of a particular resident, with his constraints in
terms of skills and care delays.

Through these interfaces, required data and the transition validation between steps (Fig 10) may be set in real time.
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Fig 10: The requirement of the toilet step via the WP2 host interface (outlined)

However, the existing skills (e.g. total number of nurses, material resources, etc.) in the establishment should be
mentioned from the beginning through the host application interface (Fig 11).

- admin | Déconnexion
honitaopen Unité 1
=) solution
ows

nbreas |

nbreav |

nbreiDE |

nbreMateriel |

Valider

Fig 11: The OWS host application interface

The transitions between different stages are activated if the corresponding conditional expressions are true. These
expressions use the previously process declared variables. Thus, the transition from the toilet step to the care step
requires the assignment of the “true” value to the correspondent Boolean variable ‘soins’. This is enabled via the GUI
when the resident requires a care after the toilet step (Fig 10). It will be the same for all transitions where several steps
may be involved.
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After modelling the global organization of a nursing home using workflow approach, we integrate to this model an
optimization module. The idea is to find, in real time, the best possible assignment of resources available to perform the
care tasks.

The optimization
The generalprinciple

The determination of the best organization of a nursing home goes through the organization of care the patient care. The
task order is predefined (e.g. we cannot dress a patient without he being previously washed) and pseudo-static (e.g. a
resident may sometimes require a care). This involves finding the best possible resources scheduling to perform these
tasks.

For each task, the residents are accompanied according to their needs knowing that every patient’s case is different. So
each patient care requires special skills and equipments (we are talking about a patient lifts, allowing the manipulation of
highly dependent residents).

These resources may be scarce in an institution. Thus, if the order in which staff take care residents is not correctly set, a
considerable waiting time can be observed (e.g. waiting for a material in the case of picking up heavy). So, the order in
which are cared the patients is a real challenge. We chose the genetic algorithm to solve this optimization problem. This
choice was justified in the previous section.

The problem formulation

In this study, we consider the simultaneous care of a set of residents in a nursing home. For now, we focus on the
optimization of the human and material resources allocation within a WP. But in future work, we will generalize our solution
on an entire unit (including several WP), and then on all units of the establishment taking into account their potential
interactions.

The basic data
e We consider the simultaneous care of (R) residents.

e AWP; (1=r<R),is composed of (J) tasks. So, we have: WPrj(l <j <) corresponds to the (j") task of the resident

(0.

e For each task (j) of each resident (r), we have to specify a theoretical care time Gt{ (in minutes) according to the
patient dependency. This theoretical care time is defined by professionals according to the establishment.

e As defined previously, when describing the decomposition in terms of WP of a typical day, the scheduling of a WP, for
each resident (r), must not exceed the fixed total duration that we denote by t.

The resources and theirskills

The human and material resources are the actors of the establishment which have the necessary capacities to intervene
at different stages of the care process. There are 4 actors:

- IDE : The nurses,

- AS/AMP: the healthcare assistants. In what follows, this resource will be denoted by: AS.
- AV the cares,

- The Material.

We attribute for each resource a skill coefficient and we consider in this work that these coefficients are fixed. So, we have

to identify, for each human task, all the resources that participate in its realization. For example, for the Bloc 2 (Fig 9), a
care dispensation can only be achieved by an IDE or an AS, contrary to the toilet that is likely to be carried out by an IDE,
an AS, an AV or a Material. Nevertheless, we have to distinguish between two types of resources: existent ones in the
establishment (those available to us) and those that are needed to the patients’ cares.

- Existent resources

Existent resources in the establishment must be known by the system: we consider the variables: IDE, AS, AV et Matériel
which correspond respectively to cardinals of existent skills in the establishment on the considered period in terms of IDE,

AS, AV (Table 2).

Table 2.The existent resources in the establishment

AV AS IDE Matériel
2 1

Available skills (number) 2 2

We attribute for each resource a skill coefficient:
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S0: Opk, Bas, Bav and By,erial €VAluate respectively the skill of the IDE, the AS, the AV and the material (Table 3). we
consider in this work that these coefficients are fixed.

Table 3.Example of resources skills

eAV eAS eIDE eMaterial
Skills’ coefficients 0.1 1 100 1000

At a given time (t), the total existent skill of all the material and human resources is calculated respectively by the Equation
1 and the Equation 2 below. The sum of existing skills is calculated by the Equation 3.

Equation 1. The total skill of existent material resources

Om = Oy eriel X Matériel

Equation 2. The total skill of existent human resources

0p =6y X AV + 45 X AS + 0,pg x IDE

Equation 3. The total existent skills

0 =06m+06p

If we consider the existing resources mentioned in the Table 2and their respective skills coefficients mentioned in the

Table 3then the total existing skills in the establishment is equal to 1000 for the material and to 102,2 to the human
resources (Table 4).

Table 4.Example of total skill computation

Total compétences
Oppaririel ¥ Matériel 1000

Oy X AV + 845 X AS + O;pp x IDE 102,2

- Needed resources

At a given time (t), it is necessary to identify theresources to be allocatedtoeach resident (r) for each task (j). We therefore

considerthe following variables: IDE!, ASi, AVrjand Materialjr which correspond to the number of IDE, AS, AV and Materials
to be assigned to the resident (r) for the task (j).

At a given time (t), the total skills to be assigned to the resident (r) for his care task (j), is computed respectively by the
Equation 4 for the human resources and by the Equation 5 for the material resources. The sum is computed by the
Equation 6.

Equation 4. Total needed human skills to be assigned to the resident (r) for his task (j)
6p} = Bipg * IDE} + Bas X AS] + By x AV}
Equation 5. Total needed material skills to be assigned to the resident (r) for his task (j)

j N A
emr - eMaterial X Materlalr

Equation 6. Total skills to be assigned to the resident (r) for his task (j)
6] = op. + om.
At a given time (t), it is necessary to identify the total needed human and material skills for all the care tasks and for all the

residents (Equation and Equation 8). The sum (0) is computed by the Equation 9. These data must be entered into the
system as shown in the Table 5for all the residents. This table also informs the theoretical time estimated for each task.

Table 5. Example of WP2data concerning the resident 1 (r=1)

T; = Toilette T; = Soins T3 = Habillage
a1 &l ez at? 03 &3
[Résident 1 0 20 100 7 1,1 10

Equation 7. The human total needed skills

R ]
Op = szj,rﬂpi

r=1j=1
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Equation 8. The material total needed skills

R J
om = Zij'r.Gmi

r=1=1
x; ris a boolean variable as follows :
x; » = 1if the task (j) belongs to the care process of the resident (r) and x; . = 0 otherwise.
Equation 9. The total needed skills (human and material)

60 =0m+6p
Decision variables

The idea is to act on the start and end times of tasks and WPs T,=[T;}, ..., T/] for each resident. Therefore, we identified
the following Decision Variables (DV) for each resident (r) (1 <r<R):

- td, : The start time of the WP (T,)concerning the resident (r).
- tfrj : The end time of the task (j) concerning the resident (r) With:tfrj = td, + 25(:1 Stk.
- tf,: The end time of the WP (T, )concerning the resident (r) with : tf, = td, + Z§=1 6t£.

The DSS must compute the optimal values for these DV for each resident. This calculation must be done taking into
account the time constraints, those related to resources and those induced by the residents themselves.

The constraints

In our problem, each resident induces constraints for the execution of each task. Some residents want or need to be taken
care first and others last, some refuse a support, some require a heavier care than others depending on their addiction,
etc. This implies constraints on mobilized resources: Depending on the state and the willingness of residents, and also on
their wishes and needs. These constraints must be taken into account respecting delays. We must therefore distinguish 3
types of constraints: time constraint, priority constraints and resources constraints.

- Time constraints

Each WP, starting from the date To=0, must not exceedthe time t; in order tonotshift theotherWPof the day. For example,
theWP,(toilet-care-dressing) cannot start before theresident isup andtook hisbreakfast(untilabout9:30) andafter he wentto
eat(to about12h00).So it has atimelimit 0f150 minutes(t; =150mn).

This constrainthas to be takeninto account whensolving the problem. It results inthe fact thatthe start timeof theWPfor
each residentmust beless than a start timelimit. The Equation 10 allows to compute, for each resident (r), the later time
limit (tlimy) of the WP (T,) :

Equation 10

J)
tlim=t - Z otl
=1

We remind you that: () corresponds to the time limit to realize a WP and that (6tjr)corresponds to the theoretical care time
of a resident (r) for the task (j). The time constraint is then expressed by the Equation 11 below: the start date of the WP
(td)) of the resident (r) must not exceed the latest start limit time (tlim,):

Equation 11
td, < tlim,, Vr (1=r<R)
We can then deduce the Equation 12 : the end time (tf,)of the WP (T,) of the resident (r) must not exceed the deadline (t).
Equation 12
tfe < tg, VI,
- The residents’ priorities

1. As soon as possible

In order to take care of the priority resident, then, at a given time (t), his maximum care timehas to beless than the
minimumcare time of the other residents.

Let (r*), (1= r*<R) represents a priority resident. Then, the constraint expressed by the Equation 13 below must be
respected:
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Equation 13

max;<-<g (td,+) < min; < (td;)
withr #r*VvVr,r*(1 <r,r* <R)

2. As late as possible

If a residentwants(orshould) betaken careas late as possible, then, at a given time (t), his minimum care time has to be
greater than themaximumcare time of theother residents.

Let (r**), (1= r*<R) represents a residentwho wants to(orshould) betaken careafter the. Then, the constraint expressed by
the Equation 14 below has to be respected:

Equation 14
ming<-<g (td,=) > max; o< (td,) withr # r* vr,r*(1 <r,r* <R)
Resources constraints

We already presented above two kinds of resources: existent resources in the establishment and needed resources for
care at a given time (t). Obviously, used resources must not exceed existent resources at a given time (t). This expressed
by the Equation 15 below for the human resources and by the Equation 16 for the material resources.

Equation 15. Human resources constraints
Op < Op

Equation 16. Material resources constarints

Om < Om
The objective function

We can optimize the patient care planning in different ways. Intuitively, we have to minimize the time care. However, in
this study we act in the medico-social field and not in the industrial field. It is therefore important to consider the human
aspect. Thus, we have to reduce the workload of the staff. The idea is to free up human resources allowing the staff to
spend more time with the residents. Furthermore, this technique will strengthen the robustness of the system which will be
able to handle the disturbances such as denial of care or emergencies.

- The time care

We can optimize trying to gain a maximum amount of time starting each WP as soon as possible to complete the care as
soon as possible. For this, we must minimize the sum of the start times of each WP for all residents (Equation 17).

Equation 17

R
Y, fomps= )
r=1

- The workload
The goal is to minimize the staff workload (Equation 18).
Equation 18
Vt, feharge = 0P

We recall that(8p)is given by the Table 5. Example of WP2data concerning the resident 1 (r=1)

T, = Toilette T; = Soins T'; = Habillage
ot = o2 at? 03 &t3
Résicdent 1 0 30 100 7 1,1 10

Equation 7.

- The aggregative approach

Although both presented objectives are contradictory, the developed model allows taking into account each of them with a
blending function using a weighting coefficient a € [0, 1]). So, according to the assigned value of (a), we aim to minimize
the overall patient care time and the staff workload. For the extreme cases, when we want to minimize the time care
without considering the workload, we have simply to assign to the coefficient (o) the “0” value. Inversely, in order to
minimize workload without considering the time care, we have simply to assign to the coefficient (a) the “1” value. So, we
consider the objective function expressed by the Equation 19 below to be minimized.
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Equation 19
f = a-fcharge + (1 - a)-ftemps
DISCUSSIONS

To discuss the effectiveness of the proposed solution, we choose to compare the organization of an existing nursing home
with and without the use of our tool. To do this, we must firstly provide the required data to establish the planning of
material and human resources for the care:

1. The basic data: the theoretical care time for each task (j) of each resident (r) :6t£ and the fixed total duration (tr) to not
exceed for each WP.

2. The existent resources in the establishment and the needed resources for each task of each resident.

The establishment information
Background

The concerned nursing home started its activities in 1949. Its last tripartite agreement dates back to 2007. It is composed
of three units on three separate floors. The main characteristics of this establishment are presented in Table 6; the
services’ distribution is presented in Table 7and that of residents per unitinTable 8.

Table 6.The nursing home characteristics

ITEM RESPONSE

The establishment capacity (number of beds) 60
The temporary lodgingcapacity 0
The day capacity 0

The alzheimerunit capacity no alzheimer units

Last evaluated GMP 650

Last evaluated PMP 108

The average age of residents 87.3

Table 7. Services’ distribution in the nursing home

SERVICE Authorized full time equivalent Real full time equivalent
Directors (Secretariat) 3 3
Coordinator physician 0.46 0.46

IDEC 0.75 0.75
IDE 3 3
AS 13.5 135
AV < 9

TOTAL 28.96 28.96

Table 8.Residents’ distribution per unit

UNIT Number of residents
1 20
2 20
3 20

We focus in this study on a single unit: the unit 1, and on a single WP: the WP2. The principle is the same for all other
units and WPs of the establishment. But in future works, we will study the interaction between the different WPs through
different units.
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It is interesting to start our project with the WP2 because it is composed of various tasks, requiring different skills (material,
AS or AV for toilet and dressing, IDE for the care), and not related necessarily all residents (the example of the care).

Data concerning the WP2

In this WP, the distribution of staff on a typical day is mentioned in Table 9and the workload (care time and resources)

required for each resident by task inTable 10. For the workload, the names of the residents are mentioned according to
their room number. But they are fictional residents. However, needed care time and needed resources are identified by
professionals working in the nursing home.

Table 9. Distribution of staff on a typical day for the unit 1

WP Number of residents
IDE=1
WP2 AS/AMP =5
toilet- care-dressing Av=4
Material =1

Table 10.Needed care time and resources of each task for each resident for the WP2

TOILETTE SOINS HABILLAGE
RESIDENTS - - -
Campétence Temps | Compétence Temps | Compétence Temps
Résident 1 [} 20 1 5 0 10
Résident 2 0 20 0 0 0 10
Résident 3 0 20 100 10 0 10
Résident 4 1 5 o] 0 1 5
Résident 5 1 5 100 5 1 5
Résident 6 1,1 10 0 0 11 10
Résident 7 1 20 100 5 1 10
Résident 8 25 0 0 1 10
Résident 9 2 20 100 10 1001,1 10
Résident 10 11 20 101 15 101 10
Résident 11 11 10 0 0 11 10
Résident 12 11 10 100 10 11 10
Résident 13 1,1 10 1 5 11 10
Résident 14 0 20 1 5 0 10
Résident 15 11 10 0 0 11 10
Résident 16 0 20 1 5 0 10
Résident 17 1,1 10 100 10 11 10
Résident 18 2 20 100 5 1001,1 10
Résident 19 0 20 100 5 0 10
Résident 20 1 5 0 0 1 5

The consideredconstraints

We set the following constraints:

e The time Constraint: t = 150mn. This means that the optimal solution to find must not exceed the maximum period of
150 minutes for the care of the 20 residents with the available resources.

e The priority constraint: the residents 1, 2, 11 and 12 have priority. Thereforetheyshouldbetaken care of first.
The planning without the OWS

The Table 11lis an example of resources’ planning that could adopt the establishment trying to respect the constraints
mentioned above. This planning was set up based on the staff experience and organizational strategies. However, a
problem arises: the regular overflow of the care time for the concerned WP (Toilet -Care-Dressing).

Table 11. The result of the planning without the proposed tool (max 235 min)

b
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The Fig 12shows the usual consumption of the resources in the usual planning (we recall that: BAV = 0.1; 8AS = 1; 8IDE
= 100; BMaterial = 1000). We observe that the consumption of resources has been respected but the care time has been
exceeded.
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£
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a 50 100 Minutes 150

I
200 250

Fig 12: Resources consumption without the OWS tool

The optimized planning with the OWS
Data and parameters

We chose to set the weighting coefficient to 0.5 (a¢=0.5) to have a balanced solution between minimizing the overall time
for the care of patients and the distribution of the staff workload.

The Fig 13represents the interface of the optimization module of our OWS tool. In the upper left corner of the figure, we
can see the data corresponding to the different available resources in the establishment in terms of numbers and skills.
We can see the needs of time and resources for each resident at the bottom left of the same figure. The part dedicated to
the optimization, which will generate and display the optimal solution is on the right.

We recall here that we adopted a genetic algorithm for the optimization stage. In order to activate the program, we have
set a number of parameters (mutation probability, number of iterations, etc.) that we varied so that the algorithm
determines the best solution according to the objective function (Equation 19).

Fig 13: The optimisation module of the OWS tool
The result of the optimization stage

Based on the same initial parameters as the usual planning but using this time our tool, we obtain an optimized

planning.The Fig l4represents the resources’ consumption according to this optimization. We note that with the same
existent resources for the usual planning, we get a better solution. This approach respects the considered initial
constraints, including the priority of some residents and the total time which should not exceeds 150mn (tf = 150 min).
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Table 12. The result of the planning with the proposed tool (max 143 min)
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Fig 14: Resources consumption with the OWS tool

CONCLUSION AND PROSPECTS

Thanks to innovative approaches and logistic tools (workflow modeling and multi-objective optimization), we propose in
this paper a Decision Support System (DSS), that we called OWS. The objective of this system is to optimize the
organization of care for residents in a nursing home. Based on the same initial parameters (eg. available resources), we
have proved the effectiveness of our tool by comparing a usual planning (without the OWS tool) and an optimized planning
(with woop) in the same establishment. The usual planning is set up based on the experience and organizational
strategies of the staff while the optimized planning is generated using our proposed system. This latter is composed of two
complementary module: 1) the Workflow component that represents the organization of the different units of the
establishment with their different work packages, this represents the global model of the organization of the nursing home
and 2 ) the optimization component, which aims to optimize efficiently the assignment of the human and material
resources for the care of residents.

Within the Workflow component, the DSS is connected to an integrated database to store temporarily all the information
about the scenarios of the patients care. These data can be easily exported to an external database for tracking and
analysis.

In this study, we focused on the optimization of a single Work Package (WP). The principle is the same for all other WPs.
However, we aim in future work to optimize our solution for all WP of the same unit or for all units of the nursing home,
taking into account the potential interactions between units. The system may also include other tasks performed in a
nursing home around the care of the elderly: housekeeping, catering, entertainment, meeting time and cooperation
between teams, etc.

We will also focus in our future work on the establishment of a dynamic relationship between these two modules, to
ensure the system robustness in case of disturbance (new constraints, delay, regression of the health of residents, etc.).
In this case, the tool has to adapt its behavior in real time taking into account the new data.
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