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GENERAL INTRODUCTION

Context

The work presented in this thesis was carried out under a CIFRE (Industrial Conven-
tion of Formation by Research) contract with the laboratory LERIA of the University of
Angers and the company GéPI-conseil.

Social and medico-social centers are the main structures in France where different
categories of vulnerable populations are hosted. In addition to the daily care, the main
mission of the social and medico-social structures is to provide their residents (called
“users” hereafter) with a personalized support in terms of a life project that takes into
account professional, social, administrative and health needs of the residents. This is in
accordance with legal provisions that reinforce the concept of “personalized user project”
which aims to improve the person’s life quality with different services.

However, the elaboration and implementation of the personalized user projects are
complex. Social and medico-social structures receive heterogeneous populations with dif-
ferent profiles and needs, which forces the structures to adapt their activities to each
user profile and, consequently, to create numerous and varied activities requiring different
types of materials and human resources. As a result, the decision-makers of these struc-
tures have to consider various factors and constraints such as varied user needs, resource
availability (staff, budget and materials), activity scheduling, assignment, etc. Moreover,
the data and observations collected from users are not always rigorous due to the sub-
jectivity and poor writing quality of professionals, which brings more difficulties to the
analysis of user’s needs and desires. Especially, these structures are typically faced with
a lack of decision support tools to help them to make the right decisions.

The solutions proposed in this thesis aim to improve the efficiency and quality of
the implementation of personalized user project in the social and medico-social sector.
On the one hand, we present a general formulation of the user project planning problem
and investigate approaches based on mathematical programming and heuristic algorithms
to ease the management of large amount of information related to users, activities and

resources. On the other hand, we propose a text classification solution to objectify the
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information of adverse event reports to improve the user data analysis.

Objectives

This thesis aims to develop decision support solutions for solving the difficulties in the
implementation of personalized user project in the social and medico-social sector. This
thesis tackles two issues: how to organize information efficiently to construct a high quality
project plan and how to collect information reliably during the project implementation
for further project improvements. The main objectives of this thesis are summarized as

follows.

— To ease the decision-making during project conception phase for structures and then
propose the best feasible activity plan for each user, formulate the personalized user
project planning problem by identifying the constraints to respect and objectives to

maximize with a formal formulation.

— Propose solution approaches based on different techniques (mathematical program-
ming, greedy search, local search) to solve the personalized user project planning

problem.

— Generate test instances which could fit as much as possible real-life situations, eval-
uate the proposed approaches on these instances and perform a comprehensive com-

parison.

— To ease the information collection task during project execution phase for structures,
propose solution to objectify the information of adverse event reports collected by

professionals to better follow the project process of users.

Contributions

The main contributions of this thesis are summarized below.

— Modeling and solution of the personalized user project planning prob-
lem. We formulate this personalized user project planning problem by identifying
its constraints and objectives. The personalized user project planning problem is
composed of sets of users, activities, resources and timeslots, the aim is to find ac-
tivity plans for each user and resource during a given period with the satisfaction of

a set of practical constraints and the optimization of several objectives. We provide
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a formal modeling of this problem with the solution representation and the for-
mulation for each constraint and objective. To solve this problem, we propose two
solution approaches: 1) Two mathematical programming models including an inte-
ger programming model and a 0/1 programming model. 2) A constructive greedy
algorithm which provides feasible solution in a very short time. These approaches
are assessed experimentally on 20 realistic test instances, these instances are gen-
erated based on real scenarios identified according to the responses received from
a large-scale questionnaire survey to more than 3600 structures in the social and
medico-social sector in France. This work has been published in Expert Systems with
Applications [LHC21].

Multi-neighborhood simulated annealing algorithm (MNSA). We propose
an effective local search algorithm to improve the results of the personalized user
project planning problem. Multi-neighborhood simulated annealing algorithm (MNSA)
starts with an initial solution generated by the constructive greedy procedure pre-
sented in the first study, then explores three different neighborhood structures in
a probabilistic way, based on the simulated annealing framework. We design these
neighborhoods according to real planning operations and demonstrate their effec-
tiveness on 20 realistic instances. Within a short time, MNSA can provide feasible
solutions of very good quality, even for the largest instances. Comparing with ref-
erence approaches, MNSA finds a better solution for 7 instances against 4 cases in
favor of the 0/1 programming model by CPLEX and obviously improves on the re-
sults of the constructive greedy procedure for the whole set of 20 instances. Finally,
we investigate the advantage of the neighborhoods combination of the proposed
MNSA algorithm. This work has been submitted to an international journal for

publication.

Adverse event report classification. We propose a text classification method
which aims to objectify the information of an adverse event (AE) report by propos-
ing the most possible facts according to the analysis of the event description. This
work presents the first classification approach to classify French AE reports in the
social and medico-social sector by adapting the lexicon-based classification method
with lexicons specifically constructed for the sector. The lexicons constructed in-
clude professional terms and informal expressions, serve as a guide to improve the
writing quality of professionals. We test this method on 388 real AE reports col-

lected from social and medico-social structures and achieve an accuracy up to 88%.

11
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We also develop two visualization charts for adverse event data as an additional
decision-support tool to help the structures improve their analysis and complete
their knowledge. This work has been published in Proceedings of the 6th IEEE Con-
ference on ICT Solutions for eHealth (ICTSjeHealth), Athens, Greece, September
5-8, 2021.

Organization

The manuscript is organized in the following way:

— In the first chapter, we present the practical context of this thesis. We begin with
the main elements of the social and medico-social sector in France including the
general definition, evolution and missions defined by the law of January 2, 2002.
Then, we introduce representative structures and professions in this sector to show
its complexity and importance for society. Next, we review the current informatiza-
tion level in this sector by presenting related research for decision support and the

management software MSUsager.

— In the second chapter, we introduce the personalized user project in the social
and medico-social sector with its definition, evolution and implementation process.
Based on this context, we present the personalized user project planning problem
and provide a formal formulation, including the description and formulation of its
constraints and objectives. Finally, we review related studies on project planning

problems and representative solution approaches.

— In the third chapter, we develop solution methods for the personalized user project
planning problem. We first create two mathematical programming models and run a
general tool (CPLEX MIP Solver) to solve them. We create an integer programming
model where the decision variables take their values in an integer interval represent-
ing the activity and a 0/1 programming model where the decision variables take
binary values. We also propose a greedy heuristic approach to compare with math-
ematical programming models. Then, we introduce 20 simulated test instances of
different sizes and tunable characteristics generated according to responses received
from a survey. Finally, we provide computational results of these proposed solution

approaches tested on 20 instances.

— In the fourth chapter, we propose a multi-neighborhood simulated annealing algo-

rithm (MNSA) for the personalized user project planning problem. We apply the

12
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probabilistic neighborhood search with the simulated annealing framework and de-
scribe three neighborhood operators inspired by real planning operations. Afterward,
we proceed to the computational studies and comparisons between the proposed
MNSA algorithm and solution methods proposed in the third chapter. Finally, we
provide analysis of the influence of parameters and the effectiveness of neighborhood
combination of MNSA.

In the fifth chapter, we present a lexicon-based text classification solution for the
adverse event report classification. We start by introducing the practical context of
adverse event in the social and medico-social sector and the data we used. Then
we present the classification method, including text preprocessing, lexicon construc-
tion and similarity calculation. Finally, we provide the classification results and the

knowledge visualization solution.

In the last chapter, we give the general conclusion of this thesis as well as some

perspectives for future research.

13






CHAPTER 1

THE PRACTICAL CONTEXT

1.1 Introduction

As in all developed countries, the social and medico-social sector in France is experi-
encing a fast evolution due to the continuing growth of its aging and disabled population.
Since 2002, several laws and decrees have been established to specify the roles and mis-
sions of different types of structures. One of the important missions is to ensure the right
for the users of the social and medico-social structures to participate in the elaboration
and implementation of their “accompanying projects” As the result, providing users with
a personalized support in terms of a life project has become the main mission of all social
and medico-social structures. This policy aims to improve the life quality of the aging and
disabled population and lighten the financial burden of their family. However, this evolu-
tion also brings new challenges to decision-makers of these structures. First, since several
years, there has been a significant decrease in staff resources in the social and medico-
social sector, on the one hand, and an increase in the societal demands, on the other
hand. Second, in order to improve users’ independence and social reintegration capacity
as much as possible, structures have to provide multiple and varied services and activi-
ties requiring multidisciplinary professionals (doctors, psychologists, educators, etc.) and
resources (rooms, vehicles, medical facilities, etc.), making decision-making more com-
plex and difficult. Third, unlike the medical care sector which has well-developed decision
support system [Ber+10] and terminology [AF05], structures in the the social and medico-
social sector suffer from a lack of decision support and optimization tools to improve their

management efficiency.

This thesis aims to help social and medico-social structures meet this challenge by
providing them with practical and effective decision support solutions. We first start by
introducing important elements of the social and medico-social sector (Section 1.2) and

the current research status (Section 1.3) in this sector.

15
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1.2 The social and medico-social sector (SMSS)

In this section, we introduce the social and medico-social sector (SMSS) in France,

with its historical evolution, missions and representative structures and professions.

1.2.1 General description

In France, the SMSS assembles all kinds of structures or services whose mission is to
host or support people with disabilities, dependents or in a social exclusion situation, for
a short or long term.

The social domain: The social filed regroups all actions aiming to improve the
living conditions of a society. Social activities are often related to exclusion, insertion or
reintegration, childhood and family.

The medico-social domain: The medico-social field relates to social medicine, which
takes into account the social context and the health conditions of a population.

Target population: The main target population of the SMSS are children, adults in
difficulty, the elderly, prisoners and people excluded from society for cultural, financial or
medical reasons, etc.

Actors: Social and medico-social actions are implemented by a multitude of ac-
tors. The public filed includes the state, regions, local authorities, social security, socio-
educational penitentiary services and public institutions, etc. The private profit or non-
profit filed includes medical related centers, private home care services, retire houses,

etc.

1.2.2 Evolution of the SMSS

The health and social sector has been undergoing important transformations for several
decades. These changes including economic, political and normative changes are the result
of an adaptation of the sector to the major evolutions of society. The increase of the aging
population and the development of insecurity are leading to the reshaping of the sector
so that it will be able to respond to these new demands. However, in the context of
the economic crisis and public deficit, resources and funding remain highly constrained
especially when the societal demands are increasing. Therefore, the reforms of the sector
aim at a better territorial organization, a better economic efficiency and an improvement

on the service quality. We list below significant evolutions of the SMSS.
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1.2. The social and medico-social sector (SMSS)

Demand generation. The hospital law of December 31, 1970 [70] refocuses the hos-
pital on its primary function and make a distinction between health domain and social
domain. It gave the government three years to draw up a decree to organize the social
and medico-social services. As the result, The social and medico-social filed is evolving
and being restructured to adapt to intensified and multiplied social needs, for demo-
graphic reasons (increase and aging of the population), sociological reasons (weakening of
family ties), economic reasons (unemployment, precariousness) and political reasons (so-
cial rights). This social demand has also become more complex due to the accumulated

difficulties, but also because the expectations of the public have increased.

Official birth. The SMSS has been dedicated since two laws of June 30, 1975:
— Law No.75-534 [75a] about the orientation of disabled people.

— Law No.75-535 [75b] which concerns social and medico-social institutions and affects
multiple populations (children and families in difficulty, disabled people, elderly
people, people in precarious situations or exclusion). It separates health from social
services and organizations. For the first time, the social and medico-social services

become a homogeneous and autonomous subject to common rules.

Renovation and standardization. The law of January 2, 2002 [02] standardizes
and renovates social actions and specifies the function of regional social and medico-social

organizations with the following principles:
— Respect of users’ rights.
— Adaptation of structures according to users’ needs.
— Establishment of coordination between the different actors.
— Better use of resources.
— Continuous service improvement.

— Implementation of 7 tools (user welcome booklet, charter of user rights and free-
doms, residence contract, conciliator or mediator, operating regulations, project of

structure or service, council of social life).
— Internal and external evaluation of activities and the quality of services.
— Obligation of training and qualification for professionals in the structure.

Funding agency. The law of June 30, 2004 [04a] about the solidarity and autonomy
of the elderly and disabled people creates a new actor for the financing of dependency:
the National Solidarity Fund for Autonomy (CNSA), responsible for distributing funds

17
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intended for the operation of medico-social structures and services hosting disabled and
elderly people, financed by health insurance and falling under the jurisdiction of the state.
In addition, the law of August 13, 2004 [04b] confirms the role of the department as the
leader of social and medico-social action.

Quality reform. The most significant recent evolution concerning the SMSS is the

law of July 21, 2009 [05] on the reform of the hospitals, patients, health and territories.
— Creation of the National Agency for Performance Support (ANAP) which aims to

define criteria for the performance evaluation and develop recommendations and

tools to improve the service quality for structures in the SMSS.

— Creation of the Regional Health Agencies (ARS), these agencies aim to implement
health policy for regions and simplify health procedures by operating in the health,

medico-social and outpatient sectors.

Digital transformation. Announced in September 2018 by the President of the
Republic, the “My health 2022” ! strategy offers an overview and global responses to the
challenges facing the French health system. In his speech of September 18, 2018 addressed
to the health sector, the President of the Republic gave clear and strong orientations to
respond to the difficulties of patients, also to develop the health system of Next 20 years.
My health 2022 makes above all the quality and relevance of care the common thread of
the transformation. With the establishment of care pathways, patients will not have to
assume alone the coordination of the various health professionals, all roles in the sector
will coordinate more effectively, thanks to digital technology. This strategy brings new
challenge to the SMSS, structures in SMSS are now demanded to adopt informatics tools
to manage user data and coordinate with other structures, which promotes the related

industrial research and innovation.

1.2.3 Missions of the SMSS

The social utility missions of the SMSS have been defined and clarified by the law of

January 2, 2002 renovating social and medico-social actions:

1. Evaluation and prevention of social and medico-social risks, information, investiga-
tion, advice, orientation, training, mediation and reparation;
2. Administrative and judicial protection of children and families, teenagers, disabled

people, the elderly and people in difficulty;

1. https://solidarites-sante.gouv.fr/systeme-de-sante-et-medico-social /masante2022/
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1.2. The social and medico-social sector (SMSS)

3. Educational, medico-educational, medical, therapeutic, pedagogical and training ac-
tions adapted to the needs, level of development, potential, evolution of condition

and age of the person;

4. Actions of school integration, adaptation, readjustment, social and professional rein-
tegration, support for active life, information and advice on technical aids as well

as employment assistance;
5. Actions of assistance in the various acts of life, support, care and company;

6. Actions contributing to social and cultural development, and integration through

economic activity.

Before the law of January 2, 2002, structures in the SMSS were not obliged to perform
internal or external evaluations. With this law, these structures are obliged to carry out
an internal evaluation every 5 years and an external evaluation every 7 years followed by
a project and a multi-year action plan. In 2007, the National Agency for the Evaluation
and quality of Social and Medico-social structures and services (ANESM) was created to
follow the internal and external evaluation of structures in the SMSS. The agency’s two
main missions are to provide the conditions for structures to evaluate their activities and
the quality of services, and to ensure that the authorities receive the results. In 2018, the
agency was integrated within the High Authority for Health (HAS).

1.2.4 Social and medico-social structures and services

In France, social and medico-social structures and services are legally defined in article
L.312-11 of the Code of Social Action and Families. The field of social and medico-social
actors is extremely vast and includes a number of structures that provide supervision and
support for a variety of population: children or adults with disabilities, children or adults
experiencing social difficulties, independent or dependent elderly people, etc. The public
sector is very representative in the housing of the elderly: 44% of structures and 51%
of the EHPAD (Accommodation establishments for dependent elderly people) offers are
managed by public structures, but private profit organizations are also numerous in this
sector where 24% of EHPAD are managed by commercial companies [APE16]. Private non-
profit structures account for the majority in the management of structures and services
for adults or children with disabilities: they manage 94% of ESAT (Establishments and
services for work-related assistance), 78% of MAS (Specialized reception centers), 90%

of IME (Medico-educational institutes), they are also predominant in the protection of
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children since 95% of MECS (Social children houses) fall within this sector [APE16].

Table 1.1 lists main structures and services of the SMSS with their target population and

mission.
Table 1.1 — The main structures and services of the SMSS.
Population Structures or services name Mission
Elderly Accommodation  establish- Provide non-medical collective accommoda-

ments for elderly tion for independent elderly people who need

a safe environment to live.

Accommodation  establish- Take charge of the deterioration of the health
ments for dependent elderly state and the loss of autonomy of dependent

elderly people.

Home care services Provide household services and personal assis-
tance services at people’s home for regular and

essential activities of daily life.

Home nursing services Provide nursing care in the form of technical

or basic care.

Children  and Medico-psycho-educational  Ensure the diagnosis and care of children or
teenagers with centers teenagers with psychological development dis-
disabilities orders and help the patients by keeping them

in their family, school or professional and so-

cial environment.

Medico-educational institutes Provide appropriate education and medico-

social support for disabled children.

Motor education institutes  Provide care for children and teenagers sub-
ject to significant motor impairment in order
to support them in their family, social and pro-

fessional integration.

Special education and home Provide families with advice and support, pro-
care services mote school integration and the acquisition of
autonomy by appropriate medical, paramedi-
cal, psychosocial, educational and pedagogical

measures.

Early medico-social action Provide outpatient treatment and rehabilita-
centers tion for children aged from 0 to 6 with sensory,

motor or mental deficits

20



1.2. The social and medico-social sector (SMSS)

Children  and Social children houses Host minors in difficulty such as family vio-
teenagers with lence, psychological or psychiatric difficulties
social difficulties of the parents, serious family conflicts, etc.

Specialized prevention center Carry out educational actions aimed at facili-

tating better social integration for adolescents.

Adults with dis- Establishments and services Provide support of the social and professional
abilities for work-related assistance  integration of disabled adults. Also medico-
social and educational support to promote the
personal and social development of the people

received.

Medical-care houses Host adults slightly affected by disability
whose lack of autonomy prevents any profes-

sional activity.

Specialized reception centers Provide permanent accommodation for adults
with multiple disabilities with a strong depen-

dence for daily life.

Adults with so- Accommodation and social Ensure the reception, accommodation, sup-
cial difficulties  reintegration centers port and social integration of people or fami-
lies experiencing serious difficulties in order to
help them gain access or regain the personal

and social autonomy.

Reception centers for asylum Offer asylum seekers a place of reception for
seekers the duration of the study of their application

for refugee status.

Addiction care, support and Ensure prevention and care actions for people

prevention centers with drug or alcohol addiction.

1.2.5 Social and medico-social professions

With around 1.7 million employees, the SMSS become a major sector of the econ-
omy, nowadays it brings together around 6.7% of employed workers in France [Dir12]. In
addition, it has undergone a very significant development over the last decades, on the
strength of an increase of more than a million jobs since the beginning of the 1980s, it

has contributed a lot to the growth of tertiary professions in France.
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Professionals in the social and medico-social field do not all work within their specific
economic activity sectors. Many are employed by public structures and establishments or
by individuals, some may be in business (social workers) or in various sectors of activity.
But above all, the professional dimension of this field appears to be blurred overall. On
the one hand, some of the professions practiced in this sector are not at all specific to it,
this is particularly true of the health professions, doctors are mainly involved with the
disabled and the elderly, above all the paramedics (nurses, care assistants, occupational
therapists, speech therapists, etc.) and psychologists; on the other hand, new “social”
activities appear over the last three decades in the context of the development of urban
policy such as project managers, local development agents and urban social development

workers [Dir12]. Table 1.2 shows some representative professions of the SMSS.

Table 1.2 — Representative professions work for the SMSS.

Field Profession

Administration and supervision Manager
Social engineer
Secretary

Education Animator
Family assistant
Special educator
Instructor

Help and advice Social service assistant
Auxiliary of social life
Economy advisor
Family intervention technician

Paramedical Caregiver
Childcare assistant
Health executive
Nurse manager
Occupational therapist
Nurse
Physiotherapist
Psychomotrician
Nursery nurse
Dietitian
Psychologist

This diversity of professions in the SMSS is due to the diversity of the characteristics

and situations of users hosted. Different professionals act together in order to succeed
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in the elaboration and realization of the user’s projects. However, exchanges between
multi-professional interveners are often difficult, in this situation, the implementation
of the personalized project with the user becomes very complex. Moreover, the available
tools currently for the collection and exploitation of observations, notes, multi-disciplinary
exchanges, are often either paper file or text editing software, which makes the information

exchanges between professionals inefficient and unstable.

1.3 Decision support in SMSS

In this section, we present the progress of the decision support in SMSS, including

related research studies and the software MSUsager.

1.3.1 Literature review

Even though the increased societal demands and the popularization of electronic health
records [WCY19; ZYS12] enable new research opportunities, little research has been con-
ducted for the SMSS, and the current practice of informatics tools mainly concerns dash-
board management software which is only useful for some simple decisions. However, this
sector is facing a supply deficit of resources and offers and needs decision support tools
urgently, we list below current studies for the decision support in SMSS.

Structure management and assessment:

Chabane et al. [CBH17] applied multiobjective optimization to elaborate efficient ac-
tion plans for social and medico-social structures. They formulated the problem as a
multiobjective knapsack model and applied iterated local search to solve it.

Osorio [Monl15] proposed a conception of a system of measurements and monitoring
of activities to improve the current uncoordinated situation in SMSS.

Kromm & Ducq [KD12] proposed method enables to analyze existing systems and to
implement target models adapted to the different activities in the SMSS which could also
integrate all its environmental evolutions.

User reception and assignment:

Varela [And19] proposed an approach to model the user orientation process and pre-
sented a mathematical sliding horizon assignment model based on linear programming to
make orientation proposals according to the needs-services policy.

Osorio et al. [Oso+17] proposed a multi-criteria approach to reduce the waiting time
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on the assignment of users to structures. They applied mixed integer linear programming
and simulated annealing according to different assignment policies.

As explained above, current studies focus on the structure management and user
admission, however, the main mission of all structures of the SMSS is the care and support
for their users during their stay period after reception, where many key decisions will be
made. To our knowledge, there is no study on the decision support in terms of user’s care
and life project. In this thesis, we fill the gap by presenting solutions to help structures

improve their work efficiency.

1.3.2 MSUsager for the SMSS

To implement the best personalized project for each user, on the one hand, the decision-
maker in structures must collect basic data such as the activities that could be carried
out in users’ projects and the benefit that each activity will bring to the user, also the
data during project implementation to follow project progress. On the other hand, they
have to choose and schedule from these activities which could achieve at best objectives,
with respect of practical constraints, and make necessary adjustment in time.

In this thesis, we propose a solution that aims to integrate into the MSUsager software
to help the decision-maker to solve these problems. MSUsager is a software for individual

follow-up of users in SMSS from admission to leaving of structure.

1. Data management

The user data collected in SMSS includes all aspects of user from basic civil status
and family situation to education state and sensitive medical and health data. The
popularization of electronic records has reduced the use of paper documents but
there are still many structures manage their users’ data with crude recording soft-
wares, which are not secure and difficult for data analysis. MSUsager centralizes the
administrative and family information of users in SMSS, as well as the data of their
personalized project. The software provides easy and secure access to up-to-date
information facilitates exchanges between professionals. MSUsager guarantees com-
pliance with regulatory constraints and it is designed to comply with the General

Data Protection Regulation (GDPR) from its conception.

2. Decision making

As explained above, the variety of services and activities brings many decisions to

make within structures in SMSS, especially when the available resources are limited.
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MSUsager provides several modules for the decision making support during user’s
stay according to improve the data collection and coordination efficiency. For the
personalized user project conception phase, MSUsager provides service proposals
to users according to the predefined nomenclature and the optimization of users’
projects planning described in Chapter 2, 3 and 4; and for the adverse events during
project implementation phase, MSUsager provides the severity qualification, cause
tree visualization and auto-classification of users’ adverse events described in Chap-
ter 5.

1.4 Conclusion

This chapter presented the social specificities and evolution of the SMSS in France.
With the growth of social demand, the SMSS plays a major role to provide all necessary
assistance to vulnerable people by offering them a wide variety of adapted services. At
the same time, the SMSS is facing more and more challenges, such as the lack of resources
and tools, strict quality evaluation, constantly updated policies, etc. These challenges and
difficulties have led structures in SMSS to continuously improve the quality of services
and management, which brings new opportunities in research and software development.

One of the challenges of the SMSS is the personalized user project implementation for
all kinds of structures. We focus on this problem in this thesis, in the next chapters, we
present the solutions we proposed to help structures implement personalized project for

their users.
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CHAPTER 2

THE USER PROJECT PLANNING
PROBLEM IN SMSS

2.1 Introduction

As it was described in the previous chapter, the mission of the social and medico-social
structures includes the full support for their users adapted to the needs and desires of
each. All supports and actions are presented in the form of personalized user project within
structures. In this chapter, we present the definition and the modeling of the personalized

user project in SMSS.

— We present the definition and elaboration process of the personalized user project in
the SMSS. We demonstrate the particularity and complexity of the implementation
of this kind of project by comparing with previous studies on project planning related

problems.

— We formulate the programming process of the personalized user project as a user
project planning problem by defining the components, constraints and objectives of

the problem and providing the formal formulation of the problem.

The chapter is organized as follows. Section 2.2 describes the definition, evolution and
implementation process of the personalized user project in the SMSS. Section 2.3 presents
the problem constraints and the optimization objectives, followed by their mathematical
formulation. Section 2.4 presents representative studies and solution methods of project
planning related problems and indicates the particularity of the personalized user project

in the SMSS. We draw concluding remarks in the last section.
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2.2 Personalized user project in SMSS

In this section, we present the personalized user project in the SMSS, including the

definition, evolution and implementation process of the personalized user project.

2.2.1 Definition

The personalized user project in the SMSS is defined by a specific document that
describes the professional, social and medico-social supports for the user according to
his/her needs, expectations and resources. This document also specifies the objectives
to achieve, the personalized activities to carry on and the assignment of different roles
among various interveners (professionals, family members, etc). The personalized user
project is an ongoing process and is revised and modified at regular intervals. It is a
comprehensive planning that encompasses all interventions to focus on the development
of the user concerned. For each user, a different project will be designed and developed
and may implemented by a different team. Specifically, a personalized user project must

include following fundamental components:

— Recognition of the rights and freedoms of user deprived of them for reasons related

to their age, physical or mental state and social situation.
— The respect of the valued social roles.
— The participation of the user.

— A multidisciplinary team responsible for the design, implementation, supervision

and evaluation of the project.

— A comprehensive and relevant evaluation of the user’s abilities in order to identify

user’s desires and needs.

— Realistic (long-term) goals based on a series of achievable (short and medium-term)

operational objectives.
— A clear assignment of responsibilities of each interveners of the project.

— Documentation of progress towards achieving goals and objectives using assessment

tools.
— A mechanism for measuring and revising the progress of the project.

Related official organizations provide useful guides to help the structures to elaborate

their user projects, such as the “Guide to Developing a Personalized Support Project”
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[CED12] of CEDIS (European committee for the development of social integration) and
the “Good professional practice recommendations: User’s expectations and personalized
project” [ANEOS] of ANESM (National agency for the evaluation and quality of social
and medico-social structures and services). In conclusion, the personalized user project

aims to:

— Co-construct with the user his/her life project in accordance with his/her resources

and the assessment of his needs and expectations.

— Ensure the individualization of each support. This results in the implementation
of individual and collective services and activities in line with the resources of the

structure and the user’s wishes.

— Take into account several aspects of the user’s life: social, health, professional and /or

educational, etc.

2.2.2 Evolution

Depending on the mission of the structure and service, the project related to the user
in the SMSS has different appellations: educational project, integration project, personal-
ized support project, individualized care and support project, etc. The concept was first
proposed in the decree of April 26, 1999 [99] for aging people which stipulates that a
document should be drawn up in which the general characteristics of the “life project”
and the care plan are defined; the document is defined by the healthcare team and the
coordinating physician, must specify the methods of organization of care within the struc-
ture according to the health status of the residents, as well as the arrangements for the
coordination of various interveners. Nearly twenty years, a set of laws have obliged and
standardized the implementation of users’ projects in social and medico-social structures:

— Law No.2002-2 [02] ensures the right for the users of the social and medico-social
structures to participate in elaboration and implementation of their “accompanying
projects”.

— Law No0.2005-102 [09] provides the users with the right of compensation for the
disability consequences, in the form of a “personalized compensation plan" which is
implemented according to the “life project” of the person, in the sense of the needs
and desires that they express.

— Decree No0.2007-975 [07] defines that one of the objectives specific to the evaluation

of social and medico-social structures is to assess the activities and the quality of
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Assessment and regulation
process

° Evaluation of results

obtained _

° Regulation

Analysis and evaluation process
° Information collecting
° Identification of needs
and desires

Programming process

° Project conception

° Resource allocation

° Project implementation

Figure 2.1 — The three main phases of the personalized user project in SMSS.

services with regard to user rights, and the conditions for carrying out the “person-
alized project”.
The term “personalized project” has been used in the recommendation of CEDIS be-
cause it is widely used in practice and suitable for the entire SMSS, we also choose this
term in this thesis. Nowadays, the implementation of personalized user project has be-
come an obligation and an important evaluation indicator for all social and medico-social

structures.

2.2.3 Implementation

According to the practice guide issued by CEDIS [CED12], there are three main phases

in a personalized user project (Figure 2.1).

— Analysis and evaluation process This phase aims to identify user’s global desires,
abilities and needs. The tasks of this phase are usually implemented by qualified
professionals (doctors, psychologists, educators, etc.) to perform special measures
such as personal interview, physical and mental test, capacity evaluation, etc. This
phase provides necessary information to guide the selection of services and activities

for each user.

— Programming process This phase is the main phase of project. According to the
information collected in the first phase, decision-making team has to draft user’s
project by specifying the objectives to achieve and the activities to carry on during

a period, while ensuring that the project is feasible by considering resource and
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availability constraints of the structure and the user. Once the project is elaborated
and validated, the user can start executing his/her project. During the project exe-
cution, each user is followed by a professional who notes all observations and events

about the user and makes adjustment if necessary.

— Assessment and requlation process This phase is carried out at the end of the project.
It aims to assess the progress of every activity involved in the project according to
the activity completion and observations noted, then make the necessary adjustment

and provide information for the next project.

We focus on the second phase, i.e., the programming process. From the first phase, we
can obtain a preliminary estimation of activity preference for the user according to his/her
needs and personal desires. The activity preference can be understood by the benefits for
a user to participate in an activity, which is certainly user specific. This information is the
most important indicator for decision-makers because the primary goal of the structure is
to help users to improve their daily life. In addition, the differences between activities are
reflected in many aspects such as cost, individual activity or group activity, professionals
(doctors, educators, drivers, etc.), necessary facilities (bus, room, etc), etc. In general,
during the project elaboration, decision-makers are confronted with three questions: i)
which activities or services should be implemented for the user, according to his/her
needs; ii) how to schedule these activities during the project period; iii) which resources
should be allocated to satisfy implementation conditions of each activity. These questions

are tightly coupled, and the decision for one of them may influence the others.

This complexity does bring difficulties to the daily work in these structures. In the
structure organization, the design of an operational planning is typically realized by a
qualified professional or a team who must take account into many factors and unexpected
changes. Additionally, the communication cost of this work is very important especially

when no digital tools can be used.

Thus, the goal is to propose a model and a tool able to help the decision-maker to

elaborate efficient user projects while respecting a set of constraints.
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2.3 Statement and formulation of the user project

planning problem

In this section, we give a formal description and formulation of the personalized user
project planning problem, we present the solution representation, constraints and objec-

tives of the problem.

2.3.1 Solution representation

To introduce the constraints and the objectives of the user project planning problem,

we state:

— A set U of users (U = |U]), each being characterized by his/her budget, availability
and preference for each activity. According to our survey mentionned in Section

3.4.1, there are several tens of users in a typical structure.

— A set A of activities (A = |A|), each being characterized by its price, duration
(number of timeslots needed), capacity, availability and features required. Typical
activities include medical tests and treatments, entertainment activities (sport, trip,

museum visiting), professional training, etc.

— A set R of resources (R = |R]), including human and facility resources, each be-
ing characterized by its availability and features. Typical resources include rooms,

vehicles, medical professionals, educators, etc.

— A set T of timeslots (T" = |T|), during which users, activities and resources are to
be scheduled. For example, if we take 8 timeslots per day (typically, timeslot equals

one hour) and 5 working days per week, then a project of 4 weeks has 160 timeslots.

To formulate the user project planning problem, we represent a candidate solution

(i.e., a user project schedule) S by a U x T matrix X and a R x T matrix Y where

a user u participates in activity a at time ¢,
Tyt = 4 —1 user u is not available at time ¢ (ua,; = —1),

0 user v is available at time ¢

a resource r used by activity a started at time t ,
Yrt = 4 —1 resource r is not available at time ¢t (ra,, = —1),

0 resource r is available at time ¢
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t1 t2 t3 t4 t1 t2 t3 t4
ut ' a1t ' a1t -1 0 ri1 |0 az 0 0
u2 0 a2 | a2 a2 rz at 0 -1 | -1
ud at (alt 0 |0 r3 |al |0 O 0

Figure 2.2 — Solution example of the user project planning problem.

The candidate solution of the user project planning problem can be seen as activity
schedules for a set of users and resources during a given period, the resources are arranged
to satisfy the features required by activities of users. Figure 2.2 shows an example of
solution, where user u; and wus participate in activity a; at timeslot ¢; and t, with the
resources {7y, 73} and user uy participates in activity as from timeslot ¢y to t4 with the
resource {r;}.

Below, we describe the problem constraints and the optimization objectives, followed

by their mathematical formulation based on Table 2.1.

2.3.2 Constraints
To establish a feasible user project, a number of constraints must be satisfied.

— (4. User availability. A user cannot be scheduled when he/she is not available.

Moreover, a user cannot participate in two activities at the same time.

It is worth noting that the solution representation above ensures that a user can only
participate in at most one activity per timeslot, and will not be assigned any activity
when the user is not available (preset to -1). In other words, the first constraint User

availability (Ch) is satisfied by the solution representation.

Cs. Activity availability. An activity cannot be scheduled for users when it is not
available and cannot cross more than one day. Indeed in the social and medico-

social structures, it may happen that some activities can be arranged only at certain
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Table 2.1 — Settings of important parameters of the user project planning problem.

Symbol Description

U Set of users, [U|=U

A Set of activities, |A| = A
R Set of resources, |R| = R
T
f

Set of timeslots, |7| =T
Set of features, |F| = F

TS Number of timeslots per day

Uyt Whether user u is available at timeslot ¢, ua,; = 0 if available, -1 otherwise
bud; Budget of user i

alqt Whether activity a is available at timeslot ¢, aa,: = 0 if available, -1 otherwise
dury Duration of activity a

Prig Price of activity a

capq Capacity of activity a

TCpt Whether resource r is available at timeslot ¢, ra,, = 0 if available, -1 otherwise
Préga Preference of user u to activity a

reqaf Whether activity a requires feature f , req,y = {0,1}

fears Whether resource r contains feature f , fea,; = {0,1}

num_ uq, Number of users starting activity a at timeslot ¢; in a candidate solution S
NUM_Uqt, = Y ycyy StOuaty s
1 fay, =aA (Tyy,_, #aVk=1),

where stayqt, =
' 0 otherwise.

actyq Whether user u participates in activity a in a candidate solution S, act,, =1
if Az € S, a = xyt, acty, = 0 otherwise.
reSat Set of resources used by activity a with start-time ¢ in a candidate solution S

resq ={r|r € R,y = a}
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timeslots or already prescheduled, especially when external resources are needed.

Yu € U;Va € AVt € T (aag = 0) V (2 # a)

C3. Resource availability. A resource cannot be scheduled when it is not available

and cannot be used by two activities at the same time.

i+dure—1
Vr e R;Vt € TsVa € A; (Y, )V (U vy = {0})

d=i+1
Cy. Budget constraint. The cost of the selected activities in a user’s project cannot

exceed user’s budget.

Yu € U, Z acty, X prig, < bud,
acA

Cs. Activity capacity. For each activity starting at a given timeslot, the number
of users attending this activity cannot bypass the capacity of this activity. This

constraint is defined for group activities to ensure the activity quality.

Va € A;Vt € T;num_ug < cap,

Cs. Feature constraint. An activity cannot be scheduled if one or more required
resources are unavailable. In social and medico-social structures, coordination be-
tween various disciplines is required for most of activities, and an activity cannot
be carried out when some required features are not satisfied. For example, if the
painting workshop needs a room of at least 20 places and professional(s) with art
skills and special education skills, then the resources allocated should cover all these

features.

Va € A;Vt € T;Vf € Fi(num_ ug =0V regy =0) V Z fearr >0

TETeSat
This multi-feature constraint is specific to the social and medico-social structures,

and to our knowledge, has not been considered in other project planning problems.

Cr. Preference constraints. A user must indicate a preference for each intended
activity. This constraint is defined especially for large structures which propose

various services. Unlike classic project planning problems where activities are fixed
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or all selectable, in social and medico-social structures, some activities could be
identified as unsuitable for some users after a first analysis and evaluation phase. So
we add this non-selectable constraint to prevent selecting unsuitable activities for

users.

Yu € U;Va € A; (acty, = 0) V (prey, > 0)

To keep our model compact, we assume that no relation exists between activities and

a user can only participate in an activity at most once during the given period.

2.3.3 Objectives

The user project planning problem has one main objective and two secondary objec-
tives.

Main objective: suitability

The main objective of a personalized user project is to provide the best possible re-
sponse for each need or expectation of the user. The quality of each response is assessed
by the professional and the user (or his/her family), according to the impacts the response
could have on the life of the user. However, due to the constraints above, it would be im-
possible to satisfy all the preferable activities for every user. Consequently, the first goal

is to find a solution that covers as many as possible preferable activities for the users.

Suitability maximization: Maximize user satisfaction in terms of the preferences of

activities implemented for them.

fl(S) = Z Z AClyq X Préyg

uel ac A
Secondary objectives: costs

It is desirable to reduce the costs during project implementation for evident economic
reasons and unexpected variation. For the structure, the cost corresponds to the utiliza-
tion of its resources, while for each user, the cost corresponds mainly to the economic

expenditure for the chosen activities.

Structure resource minimization: Minimize the use of resources to save costs for the

structure, which is equivalent to maximize the timeslots of the resources that are not
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utilized.

f(8)=RxT =33 dury, +3 > ran

reRteT reRteT
User cost minimization: Minimize the cost of the planned activities to save expenses

for the users, which is equivalent to maximize the unconsumed budget of each user.

f3(8) = (bud, — > acty, x pri,)

uel acA
Even if different types of structures have distinctive operational modes, the above
constraints and objectives are shared by all structures and constitute the basis for building

our user project planning decision-making system.

2.4 Related studies

From a very general perspective, the personalized user project planning problem stud-
ied in this work is related to general scheduling problems, which have various appli-
cations such as hospital patient scheduling [DL98], transport scheduling [LHO7], course
timetabling [LH10], and nurse rostering [LH12]. For project management, several stud-
ies have been reported in different fields including I'T-projects scheduling and assigning
[HK10], assignment of projects optimizing the utilization of employees’ time and expertise
in chemical industry [Bas00] and software maintenance projects selection and scheduling
[BT96]. In particular, a classical model of project scheduling called the resource con-
strained project scheduling problem (RCPSP) [Bru+99] has been widely investigated.
Extended RCPSP models have also been proposed to cope with special needs [HB10)]
such as stochastic RCPSP (SCPSP) [Sto01], proactive and reactive RCPSP [DD19], and
scheduling and staffing multiple projects with a multi-skilled workforce [HK10]. The mod-
els in this area are complex, highly constrained and notoriously difficult to solve, but still
very attractive because of their wide range of applications in the industry and public
services (see the comprehensive surveys on this topic in [HB10], [HL05] and [HBS18]).

Within the context of project planning, there are several planning levels such as project
(task) selection, project scheduling and project staffing [HK10]. [EP04] and [Chi+08]
treated the problem of project selection with several critical factors based on the Analytic
Hierarchy Process. [AIHO1] considered the contractor pre-qualification problem in project

management. Moreover, some studies only focused on project scheduling [DD19; SV19],
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while other works considered both project (task) selection and project scheduling [Kos15;
Kos20; KS20] and even a mix of portfolio selection, scheduling as well as staff assignment
[Gut+08]. Generally, problems with multiple planning levels are more complex and com-
putationally challenging than problems with only one planning level. To cope with the
problem complexity, decomposition-based approaches were typically adopted to handle
the subproblems in an independent manner.

Representative solution methods for project planning related problems can be classified

into exact approaches and heuristic (metaheuristic) approaches.

1. Exact algorithms:

— Kosztyan proposed a generic matrix-based project planning method to solve
the single project scheduling problem [Kos15] and later extended it to schedule
the flexible multilevel project with a matrix-based multilevel multimode project
scheduling (M4PSP) algorithm [Kos20].

— Heimerl & Kolisch [HK10] modeled the multiple projects scheduling and as-
signing as a mixed-integer linear program (MIP) model with sharp LP-bound
and solved it with CPLEX solver, their results showed the benefit of using the

MIP for central planning compared to decentral planning.

— Bellenguez-Morineau, & Néron [BN07] proposed a branch-and-bound method
to solve the multi-skill project scheduling problem with experimentation of
different branching strategies. Their solution worked well on small and average

size instances but failed on most large size instances.

— Davari & Demeulemeester [DD19] proposed four different Markov decision pro-
cess models which can solve the proactive and reactive RCPSP with duration
uncertainty over four different classes of policies; they analyzed the perfor-

mances of these four models with different parameters.
2. Heuristic and metaheuristic algorithms

— Servranckx & Vanhoucke [SV19] developed a tabu search algorithm using in-
formation from the proposed classification matrix to guide the search process
towards high-quality solutions of RCPSP.

— Liu et al. [LCW14] proposed a memetic algorithm (MA) with a new fitness
function and two effective local search procedures for a multi-mode resource-

constrained project scheduling problem (MRCPSP).
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— Tritschler et al. [TNK17] proposed a hybrid metaheuristic algorithm for the
RCPSP with flexible resource profiles, it contains the flexible resource pro-
file parallel schedule generation scheme which employs the concepts of delayed
scheduling and non-greedy resource allocation, embedded in a genetic algo-

rithm.

— Zhu et al. [Zhu+17] proposed a multi-start iterative search heuristic named
MSIS for the project scheduling problem with resource availability cost (RACP).
They divided the problem into two sub-problems: the sequencing problem and

the resource decision problem, then solved these two sub-problems sequentially.

— Khoshjahan et al. [KNA13] tried to minimize the present value of earliness-
tardiness penalty costs through defining a deadline for each activity. In their
research, the mathematical programming model was first proposed, followed

by the application of genetic algorithm and simulated annealing.

Compared to the above problems and models, the user project planning problem stud-
ied in this work has several particularities, making the problem original in its definition
and difficult in terms of problem solving. First, the SMSS is characterized by its diversity
of activities. Since the admitted persons are disabled and to reduce the burden of their
family, the structures usually provide a range of services and activities from daily life care
to education even medical treatment. This high degree of diversity makes the underlying
project planning problem a real challenge for the structures. Second, unlike other project
planning problems, the main target of the user project planning problem is not really the
projects but the users. Therefore, the objective here is not to arrange as many as possible
activities nor to minimize the project duration, but to improve the overall quality of the
projects of all users. This requires the decision-maker to consider the benefits that each
activity can bring to the users when deciding which activities should be selected. Third,
the user project planning problem needs to jointly consider activity selection, project
scheduling and resource allocation. Indeed, due to the resource shortages in the SMSS,
the decision results of scheduling and resource allocation could influence the selection of
activities for each user. Finally, user projects need to be planned usually for a group of
users at the same time, instead of independent users, adding another dimension of plan-
ning difficulty. All these features make user project planning a complex and challenging

problem.
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2.5 Conclusion

This chapter presented the process to implement the personalized user project in the
SMSS. Among the three phases of the personalized user project, the project conception
phase is the most complex part where many decisions have to be made for the organization
of data and coordination of different interveners. To deal with this issue, we modeled the
personalized user project as a constraint optimization problem and presented a formal
formulation. We defined the main elements of the project, the constraints to respect and
the objectives to optimize. The solution of the problem is two matrices which represent
the plans of users and resources during the project period with the satisfaction of all

constraints.

— We started with the description of the process to implement a personalized user
project in the SMSS. Among the three phases of the personalized user project, the
programming process is the most important and complicated one, which includes
the project conception and project execution. The project conception is critical for
the project quality and execution but it is very complex to take account into variant

factors and interveners.

— To cope with this problem, we modeled the personalized user project conception
task as a constraint optimization problem with detailed description and formal for-
mulation. We stated a set U of users, a set A of activities, a set R of resources and
a set T of timeslots. The candidate solution is a set of plans of several activities for
each resource and user during a period. There are a number of constraints must be
satisfied such as the availabilities of users, activities and resources; the cost of user’s
project cannot exceed his/her budget; the number of users attending an activity
cannot be greater than its capacity and an activity cannot be scheduled when there
are not enough resources to use. There are three objectives to be optimized: maxi-
mize the satisfaction in terms of the preferences of activities of the users, minimize
the use of resources to save resources for the structure and minimize the cost of the

plan to save expenses for the users.

— We ended the chapter with a state of the art on the project planning related
problems, which have been widely investigated to fit different practical needs. The
project planning problems are often highly constrained and difficult to solve, integer
programming and heuristic(metaheuristic) approaches have been widely applied to

solve this kind of problem. Unlike other planning and scheduling problems such as

40



2.5. Conclusion

nurse rostering [LH12|, hospital patient scheduling [DL98], university course plan-
ning [LH10] and project scheduling [DD19; HB10; HK10], a personalized project in
the SMSS implies that the services and resources allocated to a particular user may
be very different from the other users and depends on his/her vulnerability situation,
family situation, personal desires, finance situation, etc. This particularity makes the
elaboration of the personalized project of a user very complex, which becomes even

more difficult when a group of users must be considered simultaneously.

In the next two chapters, we describe in detail the solution methods that we propose for

the personalized user project planning problem.
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CHAPTER 3

MATHEMATICAL PROGRAMMING AND
GREEDY HEURISTIC FOR THE USER
PROJECT PLANNING PROBLEM

3.1 Introduction

In this chapter, we aim to propose solution methods to solve the user project planning
problem defined in Chapter 2. We propose two mathematical programming models as well
as a greedy algorithm to solve 20 simulated test instances corresponding to real scenarios
identified according to a large-scale survey. We summarize the main contributions as

follows.

— We send a large-scale survey to more than 3600 structures in the social and medico-
social sector in France. From the responses received (more than 200), we create
an instance generator that is parametrized to generate problem instances covering

various real scenarios in different structures.

— We implement two mathematical programming models including an integer pro-
gramming model and a 0/1 programming model and run a general tool (CPLEX
MIP Solver) to solve these models. The 0/1 programming model (solved by the
CPLEX software) shows a high competitive performance compared to the integer
programming model and obtains close-to-optimality solutions for some small in-

stances.

— Since that the mathematical programming approach is too computationally expen-
sive, we additionally experiment a greedy heuristic and compare it with the mathe-
matical programming approach. The greedy algorithm is more successful and obtains

more stable and better results for the middle and large instances.

The chapter is organized as follows. Section 3.2 presents the integer programming
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model and 0/1 programming model of the user project planning problem. Section 3.3
describes the greedy heuristic algorithm. Section 3.4 reports the parameters of test in-
stances and the computational results of the two mathematical programming models and

the greedy heuristic algorithm. We draw the conclusion in the last section.

3.2 Mathematical programming models

Based on the problem description and formulation described in Chapter 2, we propose
two mathematical programming models including an integer programming model and
a 0/1 programming model and run a general tool (CPLEX MIP Solver) to solve these

models.

3.2.1 Integer programming

We firstly create an integer programming model where we use decision variables similar
to those described in Section 2.3.1. The decision variables take their values in an integer
interval representing the activity. This model has the advantage of requiring a reduced

number of decision variables and easing the expression of the constraints.

Decision variables
ke{l,...,A} activity a; started by user i at timeslot j,

Tij = —1 user 7 is not available at time j (ua;; = —1),

0 otherwise

ke{l,...,A} activity a; with resource i started at timeslot j,

Yij =4 —1 resource 7 is not available at time j (ra;; = —1),
0 otherwise
Mazimize f(S) = w1 fi(S) + w2 fa(S) + wsfs(S5) (3.1)
where

Suitability maximization objective:

[1(S) =D (ww == a) X prey, (3.2)

ueU teT ac A
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User cost minimization objective:

F2(8) =Y bud, — > > (xw == a) X pri,

ueU ueU teT acA

Structure resource minimization objective:

[s(S)=RXT =3 > > (ye ==0a) X durg+ Y > ran

reRteT acA reRteT

Subject to

C1. User availability:

YueUNt €T, xy =—1,if uay, = —1

Yueld,Vt e T,Nae ANVde {t+1,...,t+dur, — 1},
Tya = 0,1f Ty = a

A user can only participate in an activity at most once:

Yu e U,Va € A, Z(mut ==a)<1
teT

Cy. Activity availability:

Va € A,Vu e UVt € T,Vd € {t —dur, +1,...,t},

Tyt 7 Q1 f aag = —1

Va € A,Vr € RVt € T,Vd € {t —dur, +1,...,t},

Yrt 7 0,0 f aaqy = —1

YueU,Vt € T,Va € A,Vd € {t —dur, +1,...,t},

(g ==a) x ((t+T9) == ((t+dur, — 1) +T58)) > 0) V (xyu # a)
Vre RVt e T,Vae AVd e {t —dur, +1,...,t},

(ge == 0) % ((t = TS) == (¢t + dura — 1) = TS)) > O) V (4 £ a)
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Cs5. Resource availability:
Vre R,Vte T,y =—1,ifra,, = —1 (3.12)
Vre RVt e T,Yae AVde{t+1,...,t+dur, — 1},

: (3.13)
Yra = 0,1y = a
Cy. Budget constraint:
Yu e U,Va € A, Z(xut ==a) X pri, < bud, (3.14)
teT
Cs. Activity capacity:
Vi€ T.Va€ A (vu==a) < cap, (3.15)
u€eU
Cs. Feature constraint:
Yu e UVt € T,Ya € A, Vf € F,
3.16
(Tt == a) X reqqp — Z(yrt ==a) x fea,;y <0 ( )
reR
C;. Preference constraints.
YuelUd NVt € T.Va € A, xyy # aV (T == a) X prey, >0 (3.17)
where the “ == " term is the equivalence linear constraint which behaves like a binary

condition such that it returns 1 or 0 according to whether the given term is true and false.

3.2.2 0/1 programming

Defining decision variables with binary values is very popular in mathematical mod-
eling. We also experiment this modeling method for our user project planning problem.
Compared to the integer programming model, the 0/1 programming model requires more
decision variables and needs more mathematical expressions to describe the problem con-
straints.

Decision variables

— x4 Binary variable taking value 1 if user ¢ starts activity k at timeslot j, and 0

46



3.2. Mathematical programming models

otherwise.

— Y, Binary variable taking value 1 if resource 7 starts to be used by activity k at

timeslot 7, and 0 otherwise.

Mazimize f(S) = wifi(S) + w2 fe(S) + wsf3(S)

where
fl(S) = Z Z Z Lyta X Préuq
u€U teT acA
f2(S> = Z bUdu - Z Z Z Tyta X pria
ueU ueU teT ac A
f3(S)=RxT— Z Z Zy,,ta X dur, + Z ZWM
reRteT acA reRteT

Subject to

C1. User availability:
Yu e UVt € T ,Va € ANVd € {t —dur, +1,...,t},
LTuda = O,Zf Uy = —1

Yueld,VteT, qum <1
acA

YueU,Vt e T ,Vae ANVde{t+1,...,t+dur, — 1},
LTuda = 07 Zf Tuta = 1
A wuser can only participate in an activity at most once:

Yu e U,Va € A,qum <1
teT
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Cy. Activity availability:

YuelU,Vt € T,Va e A Vd € {t —dur, +1,...,t},

Tuda = 0,1 f aaq = —1

Vr € R,Vt € T,Va € A,Vd € {t —dur, +1,...,t},

Yrda = 0,1 aaq = —1

Yu e UVt € T \Va € ANVd € {t —dur, +1,...,t},

(Tuta X (t+=TS) == ((t+dur, — 1) =T8)) >0)V 2y =0
Vr € RVt € T,Va € A,Vd € {t —dur, +1,...,t},

(Ypta X (t=TS) == ((t+dury, —1) =TS)) >0)V Yre =0

C5. Resource availability:

Vr € R,Vt € T,Va € A,Vd € {t —dur, +1,...,t},
Yrda = 0,0 f ua, = —1

Vre RVt e T ,VYae ANVde{t+1,...,t+dur, — 1},
Yrda = 0,0f Yrta = 1

Vr e RVEET,D Yo <1
a€eA

Cy. Budget constraint:

Yu e U, Z Z Prig X Tyre < bud,
teT ac A

Cs. Activity capacity:
Yae AVt e T, Z Tuta < Cap,

ueU

Cs. Feature constraint:

YuelUd,Vte T, Vac ANf € F, Ty X r€qqr — Zyrm X fea,r <0
reR

Cr. Preference constraints.

YuelUd,Vt € T.Va € A, xytq =0V Typg X pregq >0
48

(3.26)

(3.27)

(3.28)

(3.29)

(3.30)

(3.31)

(3.32)

(3.33)

(3.34)

(3.35)

(3.36)



3.8. Constructive greedy heuristic

3.3 Constructive greedy heuristic

The constructive greedy procedure (Algorithm 1) generates always a feasible solution
satisfying all constraints. Following the spirit of the constructive greedy initialization
in [LH10] and [LHO7], activities with a high preference are given higher priorities to
be selected. The construction of solution is implemented with several rounds of activity
arrangements for users. In every round, users are traversed according to the increasing
order of budgets, users with low budgets are more vulnerable to budget constraint so
similar to the solidarity consideration in real-life, users with financial difficulties are given
priority. For each user under consideration, the followings steps are performed to achieve

an arrangement.
1. Select the most preferred eligible activity a of the user.

2. Iterate through timeslots from the first one until a timeslot ¢ is found where a has
been started at ¢ and still has available places, if found, add directly the user to a

and move to step 5.

3. Iterate through timeslots from the first one until a timeslot ¢ is found where enough
available resources can be used, if found, arrange a for the user with resources and

move to step 5.

4. Move to the next preferred activity and repeat steps 2-4 until all eligible activities

have been considered.

5. Move to the next user (if the current user is the last one, move to the first user) and

repeat steps 1-5.

Specifically, the first step of an arrangement is to select an activity to arrange. To re-
sponse to the main suitability objective, we always take the most preferred eligible activity,
which means that this activity has not been arranged and satisfies the budget constraint
and the preference constraint. Then, we consider scheduling and resource allocation for
this activity. To arrange this activity for the user, we consider two cases. First, to ensure
an efficient use of the resources, we verify whether the same activity has been already
arranged for other users and still has available places. If the answer is affirmative, the
user will be added directly to the activity in the first available timeslot during the period
(step2, lines 12-19 in algorithm). In this case, no new resources need to be allocated. If the
first case is impossible, we allocate the required resources to this activity, and arrange the
activity at the first timeslot having enough available resources (step3, lines 20-32 in algo-

rithm). The selection of resources is achieved by iterating through the available resources
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Algorithm 1 Constructive greedy heuristic algorithm.

1: Input: Problem instance [

2: Qutput: Initial solution

3: /* Sort set U by increasing order of budget */

4: sort_increasing(U)

5: repeat

6: forueld do

7: /* Sort set A by decreasing order of preference of u */
8: sort_decreasing(.A)

9: for a € A do
10: actArranged = 0
11: if a is not arranged for u and (u, a) satisfies Cyy , C7 then
12: fort € T do
13: if a is already arranged at start-time ¢t and (u, a,t) satisfies C; , C5 then
14: /* Arrange a for u at t */
15: arrange(u,a,t)
16: actArranged = 1
17: break
18: end if
19: end for
20: if actArranged = 0 then
21: fort €T do
22: if (u,a,t) satisfy Cq, Cq, C5 then
23: /* Check if Cg can be satisfied for (u,a,t), if yes, return resources selected as

R* */

24: if select_resources(R*) then
25: /* Arrange a for w at t */
26: arrange(u, a,t)
27: actArranged = 1
28: break
20: end if
30: end if
31: end for
32: end if
33: end if
34: if actArranged = 1 then
35: break
36: end if
37 end for
38:  end for

39: until no more activity can be arranged
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and taking the resources with the required features until all features are satisfied. If this
activity cannot be arranged in either way, the algorithm skips this activity and moves to
the next preferred activity (step4). Finally, once an activity is successfully arranged for
this user or all activities have been verified as unschedulable, the algorithm moves to the
next user (stepb). We only arrange at most one activity for each user in a round in order
to allocate resources more fairly and prevent users who are first considered from occu-
pying too many resources. When the algorithm finishes the activity arrangement for the
last user, it returns to the first user to start a new round of arrangements. The algorithm
stops when all the activities of all users have been considered and no more activity can
be arranged without violating constraints.

During the constructive greedy procedure, the feasibility of each decision is first verified
and then executed. If the decision cannot satisfy all constraints, it will not be performed.
As such, the greedy procedure always provides a feasible solution satisfying all the con-
straints of the problem. On the other hand, as explained above, the algorithm considers
the users and assigns activities sequentially and according to some specific orders while
ignoring alternative decisions. Consequently, the decisions made during the solution con-
struction are not necessarily optimal, leading typically to sub-optimal solutions.

Finally, for each user and activity, since the decision of activity arrangement is verified
by checking each timeslot and resource, the time complexity of this constructive greedy
procedure is bounded by O(U x A+ T« R) where U, A, T' and R represent the number of

users, activities, timeslots and resources, respectively.

3.4 Experimentations and results

In this section, we assess the proposed mathematical programming models and the
greedy algorithm for tackling the user project planning problem based on 20 realistic

instances. We also give an analysis and comparison of these approaches.

3.4.1 Test instances

To our knowledge, there are no publicly available data for the user project planning
problem studied in this work. For our experimental study, we created a set of bench-
mark instances as follows. We sent a large-scale questionnaire survey to more than 3600

structures in the social and medico-social sector in France. We received more than 200
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questionnaire responses and achieved several interviews with professionals who are inter-
ested in this research. From the responses received, we created an instance generator that
is parametrized to generate problem instances covering various real scenarios in different
structures. For our experimental study, we generated 20 test instances with different sizes
and characteristics to fit as much as possible typical real situations. Table 3.1 shows the

main features of these instances with their parameter values where
— Ins: Instance number;
— U: Number of users;
— R: Number of resources;
— A: Number of activities;
— F: Number of features;

— cap: Maximum capacity of activities.

Table 3.1 — Parameters of the test instances.

Ins U R A TSW F act_cho%ua% ra% aa% cap Structure Scheduling
size length

0 10 5 10 2 2 5 100 100 100 100 5 Small Short
1 10 8 15 8 1 5 100 100 100 100 5 Small Short
2 10 8 15 4 2 5 100 100 100 100 5 Small Short
3 30 10 20 4 4 5 100 100 100 100 5 Medium Medium
4 30 20 30 2 4 5 100 100 100 100 5 Medium Medium
5 30 20 40 2 4 5 100 100 100 100 5 Medium Medium
6 50 20 15 8 1 10 100 100 100 100 10 Medium Short
7 50 30 20 4 2 10 100 100 100 100 10 Medium Short
§ 50 30 30 2 4 10 100 100 100 100 10 Medium Medium
9 50 20 30 2 4 10 100 100 100 100 10 Medium Medium
10 50 30 50 2 2 10 100 100 100 100 10 Medium Short
11 50 30 40 4 4 10 100 100 100 100 10 Medium Medium
12 50 30 60 2 8 10 100 100 100 100 10 Medium Long
13 50 30 80 4 8 10 80 100 100 100 10 Medium Long
14 50 30 100 4 12 10 80 95 95 95 10 Medium Long
15 70 30 30 2 2 10 100 100 100 100 10 Large Short
16 70 40 40 2 4 20 100 100 100 100 10 Large Medium
17 70 40 50 4 4 20 80 95 95 95 10 Large Medium
18 100 50 30 2 2 20 100 100 100 100 10 Large Short
19 100 70 50 2 4 30 800 95 95 95 10 Large Medium

The values of the above parameters characterize the structure size. And larger struc-

tures have more users and of course more resources and activity types. We classify the
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instances into three categories according to the structure size: 10 users (small structure),

30/50 (medium structure) and 70/100 users (large structure). These instances cover dif-

ferent possibilities of resource adequacy levels and the distribution matches the realistic

results according to the survey that most of structures are of medium size.

TS: Number of timeslots per day;
W: Number of weeks, hence T'=TS5 x W x 5;

These two parameters determine the period length required for scheduling, which is

different according to the structure type. The instances cover period lengths from one

week to 12 weeks.

act_ cho%: Percentage of activities that can be selected;
ua%: Percentage of user’s available timeslots;
ra%: Percentage of resource’s available timeslots;

aa%: Percentage of activitie’s available timeslots;

These four parameters indicate that some activities and timeslots are not selectable.

According to our survey, this may happen especially for large structures or long period

projects. Even though in most cases, all activities and timeslots are considered selectable

during the conception phase, to ensure our model can handle this real situation, we

decide to add some unselectable cases for some instances with large structure size or long

project period. The constraints C-C'3 ensure that users, resources and activities will not be

arranged when they are unavailable and the constraint C'; ensures that the non-selectable

activities are never selected into users’ projects.

The other parameters:

Number of features per resource has: 1 ~ 3 (uniform distribution)
Number of features per activity needs: 1 ~ 5 (uniform distribution)

Activity price: 0 ~ 10 (truncated normal distribution y = max Price/2,0 = (maxPrice/2—
minPrice)/3)

User budget: max Price/2xactivity Number /2 ~ max Pricexactivity Number (trun-

cated normal distribution y = maxBudget /2,0 = (maxBudget /2 —minBudget)/3)

Preference Level: 0 ~ 10 (uniform distribution)

To cover as many situations as possible, no two instances have the same parameter

settings.
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3.4.2 Evaluation function

As mentioned above, the quality of a candidate solution S is evaluated by the weighted

sum method as follows.

f(S): Z woxfo(s>

0€{1,2,3}

The weight w, associated to the oth objective function is computed by

1

fmaa:
[2)

W, = a X
with

— «, the importance coefficient to the oth objective function specified by the decision-
maker. To easy the use of the decision-making tool, we predefine five default levels

for the decision-maker to choose (i.e., a € [1,5]).

— frer = max{f,(S) : S € S}, which represents the maximum value of the oth

objective in the whole solution space.

The purpose of this function transformation is to apply a normalization to the objec-
tives which are different in nature and scale. Given that all sub-objective functions are

positive, we choose the upper-bound approach [Pro+01] as the transformation method.

F(@)
CT R

trans __

This transformation ensures that our transformed sub-objective function has a value
between zero and one. To determine £]"**, the most recommended method is to optimize
separately each objective function [GR06]. However, this approach is too computationally

expensive. In our case, we estimate F/"** as follows:

max

1 = Zuel/{ ZaEA Préya;
=R XT + > cr der rOrt;

maxr __

Other transformation methods are possible as discussed in [MA04; MAO5]. However,
the adopted transformation has the advantage of being simple and efficient for our appli-

cation.
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3.4.3 Experimental setting

The experiments were carried on a computer with an Intel Core i7-8750H 2.20GHz
processor and 32 GB RAM under Linux. The integer programming model and the 0/1
programming model are solved by running the CPLEX MIP solver (Version 12.8) with
the MemoryEmphasis parameter as true and other default parameters under a time limit
of 2 hours. The proposed greedy algorithm was implemented in C++ and compiled using
the g++ compiler with the -O3 option.

The greedy algorithm has no parameter to tune and stops when no more activities
can be scheduled. For the importance coefficient «a,, we collected four combinations rec-
ommended by professionals in the social and medico-social sector and then distributed

them randomly to 20 test instances.

3.4.4 Computational results

Table 3.2 shows computational results on the 20 instances obtained by CPLEX with
the two mathematical models and results from the greedy algorithm. Column 2 gives the
{a} used for an instance. Columns 3 to 8 show the results of the integer model (IP)
and the 0/1 model (0/1P) in terms of the lower bound, upper bound and gap achieved
by the CPLEX solver. Columns 9 and 10 present the results and run time of the greedy
heuristic algorithm (GHA). The best values among the results of the compared approaches
are highlighted in boldface. Entries with “-" mean that CPLEX failed to output a result
due to one of three reasons: i) out of memory; ii) unknown solution status; iii) the pre-
processing phase of CPLEX cannot be finished in two hours.

Table 3.2 shows that the 0/1 programming model led to much better results than
the integer programming model. This difference comes from the use of logical constraints
in the integer programming model, as described in 3.2.1, to express certain constraints.
Indeed, the equivalence relation “=="is used as a term in a numeric expression to behave
like a binary value, these nonlinear expressions weakened the performance of the model.

The results of the 0/1 programming model is representative. Even if it does not give
the optimal solution for any instance, for the small scale instances (such as instance 0,
1, 2, etc), the model obtains near optimal solutions, as shown by the tiny gaps between
the lower bound and the upper bound. But as the instance scale increases, the solution
quality is greatly worsen. Indeed, the solutions for the instances 7-10, 15 are feasible, but

far from optimality with large gaps between the lower bound and the upper bound. For
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Table 3.2 — Experimental results and comparison of the integer model, 0/1 model and
greedy heuristic algorithm.

Instance {a} P 0/1P GHA

LB UB GAP LB UB GAP Obj Time

(s)

0 {5,3,0}4.1142 15.4908 276.52% | 4.8033 4.8068  0.074% | 4.0623 0.0003
1 {5,2,1}2.0186 78.72493799.94% | 4.9300 5.2124 5.73% | 4.2060 0.0008
2 {5,1,2} 4.8469 10.1700 109.82% | 5.4966 5.5445 0.87% | 5.1804 0.0003
3 {5,1,1} - - - 4.7178 54622 15.78% | 4.2480 0.0079
4 {5,3,0} - - - 5.2055 7.2272  38.84% | 3.9318 0.0059
5 {5,1,2} - - - 4.1436 5.9389  43.33% | 4.1916 0.0123
6 {5,2,1} - - - 4.3155 5.6144 30.10% | 3.5143 0.0136
7 {5,3,0} - - - 4.3039 130.5689 2933.77% 5.0879 0.0051
8 {5,2,1} - - - 4.1035 119.8726 2821.22%| 4.7085 0.0140
9 {5,2,1} - - - 4.2911 123.7569 2783.99% 4.7456 0.0103
10 {5,1,1} - - - 2.7762  4.0878  47.24% | 2.8983 0.0110
11| {511} - ] ] ] i _ 4.2377 0.0879
12 | {511} - . - . - . 4.5686 0.1007
13 | {512} - ; - ; - . 5.4005 0.1621
14 {5,3,0} - - - - - - 4.8303 0.6189
15 {5,1,2} - - - 3.4143 5.3128  55.60% | 3.6945 0.0197
16 | {530} - ; - ; i ; 3.8128 0.3053
17 | {512} - ; - ; - ; 4.6198 0.2827
18 | {521} - ; - ; - . 3.5620 0.0678
19 {5,1,1} - - - - - - 4.2342 0.5341
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the remaining large instances, no feasible solution was found by CPLEX with the two
mathematical models within 2 hours. We notice that the instance 15 contains 70 users
and was solved by CPLEX, but the instances 11-14 with 50 users were not solved. This
can be explained by the fact that even if the instance 15 has more users than the instances
11 to 14, it has a shorter scheduling length, fewer timeslots (TS) and fewer weeks (W) (see
Table 3.1). This implies that the mathematical model for the instance 15 has much fewer
decision variables (60000 against 256000 to 1920000 for the instances 11-14), making it
easier to solve than the instances 11 to 14.

Compared to the CPLEX solver with the mathematical programming models, the
greedy heuristic algorithm is more successful with a better balance between solution qual-
ity and run time. For all instances, the greedy algorithm reached its solutions under one
second. Additionally, the solution quality of the greedy algorithm is much better than the

mathematical programming models for medium and large scale instances.

A& Average GHA computational time (s)
@@ Average logl0(gap) of 0/1 model (%)
0.40 {— Percentage of GHA with better performance (%) | 3 5
4100
035} 130
0307 Jos 480
0.25¢
e 120 e
5 0201 2 2
v}
& 115
015+ 140
11.0
0.10+
420
0.05 L 40.5
0.00 : L ! L . 0.0 -0

10 20 30 40 50 60 70 80 90 100
Number of users

Figure 3.1 — Summary of the computational results by the number of users.

Figure 3.1 shows a visual presentation of the computational results. Given that the
integer programming model solved just 3 out of the 20 instances, it is ignored in the figure.
The curves in Figure 3.1 correspond to the average log,, GAP of the 0/1 programming
model (red), the percentage of the instances for which the greedy algorithm gave the best

result (green) and the average computational time (in seconds) of the greedy algorithm
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(blue). Overall, the results indicate that as the number of users increase, the problem
becomes more difficult to solve for both methods. However the greedy algorithm becomes

much more computationally efficient compared to the 0/1 programming model.

The plots of Figure 3.2 illustrate the relation between the computational results of
the 0/1 programming model and more detailed characteristics of the instances. According
to the type of structures, the magnitudes between users, activities and resources are dif-
ferent, which lead to different organizational difficulty levels. To analyze more accurately
and avoid the influence of other factors, we tested all instances with a same importance
coefficient and compared the results between the instances of similar sizes. The plots
show two sets of instances with similar numbers of decision variables of the 0/1 program-
ming model and ordered by increasing order of the gap given by CPLEX (calculated by
|\UB — LB|/|LB|). We observe that instances become harder to solve as the number of
users per activity and the number of resources per activity increase. This means that when
there are more users and resources to arrange for activities, it is more difficult to make
the choice and obtain the best assignment. Indeed, this result corresponds to the decision
making difficulties in reality, especially for large structures. For example, when most of
the users are interested in several popular activities, the decision-maker has to make the
choice to satisfy as many users as possible while guaranteeing the quality of activities at

the same time.

EEE User number/activity number

o EEm User number/activity number
IEE Resource number/activity number

B Resource number/activity number

S
GAP =24% GAP = 60% GAP = 2783% GAP = 2821%
Instances with 80,000-100,000 decision variables

GAP =22% GAP =23% GAP =37% GAP = 2386%
Instances with 60,000-70,000 decision variables
(a) Instance set 1 (b) Instance set 2

Figure 3.2 — Characteristics of instances and the gap of the 0/1 programming model.
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3.5 Conclusion

This chapter presented solution approaches for the personalized user project planning
problem introduced in Chapter 2. We created an integer programming model and a 0/1
programming model with the different definition of decision variables. We also studied a
greedy heuristic approach which needs less computational cost. These approaches were

tested on 20 realistic instances.

— We firstly created an integer programming model where the decision variables take
their values in an integer interval representing the activity. This model has the
advantage of being easy to understand and less decision variables and constraints.
We also experimented a 0/1 programming model where the decision variables take
binary values to represent whether this user/resource takes an activity at a timeslot
or not. This modeling approach is the most popular and used method but has more
decision variables and constraints. We ran these two models on the CPLEX MIP

solver.

— Given that the problem is complex and highly constrained, we also proposed a
greedy heuristic approach. This constructive greedy procedure generates solution
by arranging the preferred activity for each user and provides always a feasible

solution satisfying all constraints.

— We created a questionnaire survey about the elaboration of personalized user project
to more than 3600 social and medico-social structures and received more than 200
responses. We analyzed the results and achieved several interviews with professionals
who are interested in this research. According to responses received from the survey,
we generated 20 simulated test instances of different sizes and tunable characteristics

to fit as much as possible real situations.

— We tested the two mathematical programming models and the constructive greedy
procedure on 20 test instances. The 0/1 programming model showed a better per-
formance compared to the integer programming model but still failed on 8 instances
due to the instance size, the constructive greedy procedure generated feasible so-
lutions for all 20 instances in a very short time and performed better than the

mathematical models solved by CPLEX on medium and large instances.
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CHAPTER 4

MULTI-NEIGHBORHOOD SIMULATED
ANNEALING FOR THE USER PROJECT
PLANNING PROBLEM

4.1 Introduction

In this chapter, we aim to improve the results of the greedy heuristic algorithm in-
troduced in Chapter 3 by applying the local search techniques. We introduce a multi-
neighborhood search with the the general simulated annealing framework called MNSA,
which is able to improve significantly the results of the greedy heuristic algorithm and bal-
ance the solution quality and computational cost. We summarize the main contributions

as follows.

— The MNSA algorithm presented in this chapter combines the efficiency of the SA
framework and the effectiveness of multi-neighborhood search. The algorithm has

the advantage of finding high quality solution within acceptable computation time.

— The three neighborhoods applied in the algorithm are designed specifically for the
user project planning problem, inspired by real-life manual project scheduling oper-
ations. We combined these three neighborhoods in a probabilistic exploration way

which is able to adjust the importance of each neighborhood.

— We perform experimentation on 20 realistic instances. We demonstrate the high
competitiveness of the proposed MNSA algorithm compared to the mathematical

programming models and greedy heuristic proposed in Chapter 3.

The chapter is organized as follows. Section 4.2 describes the general scheme of the
proposed MNSA algorithm and three neighborhood operators. Section 4.3 reports com-

putational results and comparisons. Section 4.4 investigates the impact of the parameter
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settings and the neighborhood combination on the performance of the proposed MNSA

algorithm. We draw conclusions in the last section.

4.2 Multi-neighborhood simulated annealing

This section is dedicated to the presentation of the proposed multi-neighborhood sim-

ulated annealing algorithm (MNSA) for the user project planning problem.

4.2.1 General procedure

The MNSA algorithm follows the general SA framework [KGV83] and features the
combination of three complementary neighborhoods to explore candidate solutions. As
shown in Algorithm 2, MNSA starts with an initial solution S and an initial temperature
T = T,. Then it performs a number of iterations to find solutions of increasing quality.
During each iteration, MNSA first picks a neighborhood N; (i = 1,2, 3) with a probability
p; where p; + pa + p3 = 1, then selects randomly a neighbor solution S’ from N;. If S’
is feasible, MNSA computes the variation of the objective function between the current
solution S and the sampled neighbor solution S", Af = f(S")—f(S5) (Af is called the move
gain). If S is better than S or as good as S (Af > 0), then S’ replaces the current solution
to become the new current solution. This transition is called a move. Otherwise (A f < 0),
S’ is accepted as the new current solution with probability P(Af,T) = e2f/T. After
performing L moves with the current temperature, where L is a controlling parameter,
the parameter 7' is decreased by a constant cooling factor @ < 1. Then MNSA starts the
next round of its search with the new temperature. MNSA terminates and returns the
best solution found during the search when a given stopping condition is met.

It is worth noting that each iteration of MNSA (counter Iter) does not necessarily lead
to a move (counter Move). After each temperature cooling, the counters Iter and Move
will be restarted from zero. As the temperature decreases, the acceptance probability
P(Af,T) = e2f/T becomes lower, leading to a lower move acceptance rate v = Move/
Iter. MNSA uses the move acceptance rate v as one of the stopping conditions, i.e.,
the algorithm stops when the move acceptance rate drops to less than a given threshold
(empirically fixed to v = 5%) for five consecutive temperature decreases. Another stopping
condition is a cutoff time limit. In accordance with the real-life situations in different

structures, we fixed the time limit to be 30 minutes, which is an acceptable time for
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Algorithm 2 Multi-neighborhood simulated annealing (MNSA).

: Input: Problem instance I, initial solution S (Section 3.3), initial temperature Tj, cooling factor
«, move counter L, probabilities p1, ps, p3 for applying neighborhoods Ny, Ny, N3

—

2: Output: The best solution found SPest

3: T < Ty /* Set initial temperature */

4: Sbest .S /x Record the best solution found so far */
5: repeat

6:  Iter <~ 0 /x Iteration counter %/

7. Move < 0 /* Move counter */

8: repeat

9: Pick neighborhood N7, No or N3 with probabilities p1, pa2, p3
10: Pick at random a neighbor solution S’ from the selected neighborhood N;
11: Iter < Iter +1

12: if S’ is feasible then

13 Af « F(S) — £(S)

14: if Af >0 then

15: S «— S"; Move + Move + 1

16: else if e2//T > random(0,1) then

17: S «— S Move + Move + 1

18: end if

19: Update SPest if f(S) > f(Sbest)

20: end if

21:  until Move =1L

22: T < T« [+ Temperature cooling down */

23: until a stopping condition is met

24: return Sbest
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decision-makers. During the MNSA search process, only feasible solutions are evaluated
and accepted, therefore the best solution found is always feasible. As we explained earlier,
the user project planning problem is defined with a set of complex constraints whose
feasibility verification is much computationally expensive. As such, the SA framework
is quite suitable because only one candidate neighbor solution (instead of all neighbor
solutions) is examined at each iteration, which possibly leads to an effective move.

For a given instance, a candidate solution S corresponds to a feasible user project
schedule which is represented by a U x T matrix X and a R x T" matrix Y (see Section
2.3.1 and Fig. 2.2). Therefore, the search space (2 explored by our algorithm includes all

possible placements of activities in these two matrices that satisfy all constraints (C;—C7).

4.2.2 Neighborhoods based on activity change, swap and ex-
change

It is well known that neighborhood is one key component of any SA algorithm. We

present three dedicated neighborhood operators specifically designed for the user project

planning problem. These neighborhood operators are inspired by real-life manual project

scheduling operations used by human planners.

Activity cancellation and activity arrangement

The cancellation and arrangement of an activity are the most basic operations in user
project planning.

The activity cancellation operation is composed of the following steps:

1. Given the attended activity a, user u and a solution S, the start time ¢ and the

resources set used res,; are known;
2. Set variable(s) Ty - - . Tutrdur,—1 t0 0;

3. If no more user participates in activity a from time ¢, set variable(s) {y; | r € resq}
to 0.

The activity arrangement operation is composed of the following steps:

1. Given the unattended activity a, user v and a solution S, verify constraints Cy, C7,

if feasible, continue the arrangement; else, stop the arrangement;

2. Iterate through timeslots from the first one until a timeslot ¢ is found where a has

been started at ¢ and still has available places, if found, set variable(s) Zy; . . . Tutsdur,—1
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to a, stop the arrangement;

3. Pick randomly a timeslot ¢; and verify other constraints until ¢m timeslots have
been considered. The verification of resources is achieved by iterating through the
available resources from a random start and adding the resources with the required
features into resources set res,;, until all features are satisfied or all resources have
been verified. If ¢; is feasible, set variable(s) Zys, . . . Tut, +dur, —1 t0 @ and set variable(s)

{Ypt, | 7 € TeSat, } to a, stop the arrangement.

Single activity change neighborhood N;

The single activity change affects one user and one activity, which is a basic operation
in user project planning process. Figure 4.1 shows two moves that are eligible for single ac-
tivity change: a cancellation and an arrangement. For any user and activity, the operation

to achieve one move depends on whether this user has participated in this activity.
1. Pick a user u from U and pick an activity a from A;
2. If u has already a arranged in his/her project, cancel a for u;

3. Otherwise, if u doesn’t has a arranged in his/her project, arrange a for u if it doesn’t

create any conflict with respect to the constraints.

t1 t2 t3 t4 t5 t6 t7 t8

ul | al | al a3 | a3

u2 a2 a2 a2 @4:£:a®§
u3 al ail a2 | aZ2 | a2

ud @3 :é33

11

Figure 4.1 — Single activity changes.

As explained above, the cancellation of an activity is always feasible but the arrange-
ment of an activity may fail. The maximum number of timeslot verifications tm is a
controlling parameter, the greater it is, the more probably the activity will be successfully
arranged, but is more computationally expensive. Hence an appropriate tm is necessary
to balance feasibility and efficiency. The single activity change will affect the number of

activities in the project of the selected user and may also affect the schedule of resources.
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As such, it allows the solution to stay in a stable sparsity level because when the solution
matrix is too sparse, which means that users don’t have many activities selected in their
projects, unattended activities are more probably to be picked and then arranged. Re-
versely, when the solution is too dense, the cancellation of activities is more probably to
be performed. In real-life scheduling, this “single activity change” operation is often used

in the conception phase of users’ projects to establish feasible projects for every user.

Activity swap neighborhood N,

An activity swap for a user is performed by a cancellation of an attended activity and
an arrangement of an unattended activity. Figure 4.2 shows one eligible move for activity

swap.
1. Pick a user u from U;

2. Swap the best activity pair (a1, a): cancel activity a; for u, then arrange activity

ay for w if it doesn’t create any conflict.

t1 t2 t3 t4 t5 t6 t7 t8

ul | al | at a3 | a3
u2 | a2 a2 a2 ad a4 | a4
u3 al | al aZz |a2 | a2
ud @1 al>@3 a3

o 171
Figure 4.2 — Activity swap.

We define the best activity pair (a1, as) to swap for user u as follows:

(a1,a9) = ( argmin pre,,, argmax prey,)
a€A,actyq=1 a€A,actyq,=0

In other words, we replace user’s least favorite activity in his/her project with his/her
favorite unattended activity to maximize the main suitability objective (f1). An activity
swap concerns one user and two activities which can be seen as two particular simultaneous
single activity changes. The difference is that the activity swap will never change the
number of activities in the project of the selected user. In real-life, the “activity swap”

operation is often used during the execution phase of the project when there exists a
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better activity for the user or when some selected activities become unfeasible and we

want to maintain the same number of the arranged activities.

Activity exchange neighborhood N;

Unlike the two neighborhoods above, an activity exchange concerns two users. It con-
sists of swapping two different activities with the same start time of two users or simply
switching the activity from one user to another. Figure 4.3 shows two eligible moves for

activity exchange.

1. Pick a user u; from U;

2. Take the best user-activity pair (ug,a;) to exchange, the start time of a; for u; is
t1;

3. If a user uy starts an another activity a, at time ¢, exchange a; and as of the two

users ;

4. Otherwise, if uy is available at t;, cancel a; for u; and arrange a; for uy at t;.

t1 t2 3 t4 t5 t6 t7 8

ul @l at> a3 a3

u2 (52::32 ___132) a4 a4 a4

u3 cal [aD a2 a2 a2
T

u4 ad a3

Figure 4.3 — Activity exchanges.

We define the best user-activity pair (us, a;) to exchange for user u; as follows:

(Ug, al) = argmax preéy, — Préyia + preulxutl - preuxutl
ueU,acA

In other words, the best user-activity pair to exchange for u; will lead to the largest
gain of the evaluation function f. The activity exchange will never change the schedule
of resources because there is no activity arrangement or cancellation involved, it only
changes the choice of user for an activity already arranged. Hence, it doesn’t affect the

structure resource objective (f2) and the user cost objective (f3). As such, the variation
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of the evaluation function f can be calculated quickly by calculating simply the variation
of the suitability objective f;. The “activity exchange” operation is often applied in real-
life during the conception phase and execution phase of users’ projects because many
activities need typically to be changed after the evaluation phase to maximize the global
user satisfaction and to ensure that every activity will be attended by users who need it

the most.

Time complexity

1. Single activity change: Given user u and activity a, checking if u has participated in
a requires O(1). If the operation is a cancellation, the time complexity is bound by
O(R) when the resources are involved. If it’s an arrangement, tm timeslots will be
verified where each verification requires O(R). As such, one single activity change
takes time O(¢tmR), which is O(R) since the timeslots verification number tm is a

constant parameter.

2. Activity swap: Finding the best activity pair (ai,as) to swap for a user requires
O(A). Then, the time complexity for a cancellation and an arrangement is O(R).

Therefore, one activity swap takes time O(A + R).

3. Activity exchange: To find the best user-activity pair (us, a;) to swap for a user, all
user-activity pairs have to be evaluated, the variation of the evaluation function f
can be calculated in O(1) since only the first objective f; is involved. Therefore, the

time complexity of one activity exchange is bound by O(A *x U).

4.2.3 Probabilistic exploration of the neighborhoods

Given the three neighborhoods presented previously, MNSA explores them in a prob-
abilistic way. Specifically, at each iteration, MNSA selects neighborhood N; (i = 1,2, 3)
to explore with probability p; such that p; + ps + p3 = 1. As explained above, these
three neighborhoods have very different efficiency and effectiveness. Compared to other
neighborhood combination methods such as neighborhood union or token-ring neighbor-
hood exploration [LHG11], the probabilistic combination has the advantage of allowing
us to adjust the importance given to each neighborhood by tuning the probability set-
tings (p1, p2, p3), which in turn influences the behavior of the MNSA algorithm. More

information is provided in Section 4.4.1.
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Table 4.1 — Settings of MNSA’s parameters.

Parameter Section  Description Value

To 4.2.1 initial temperature of SA 0.1

L 4.2.1 number of move per temperature of SA 300000

Q@ 4.2.1 cooling ratio of SA 0.97
p1,p2,p3  4.2.1 neighborhood selection probabilities (0.8,0.1,0.1)
tm 4.2.2 maximum selection number of timeslots 10

4.3 Experimentations and results

In this section, we assess the proposed MNSA on the 20 benchmark instances and give

the comparison with several reference methods.

4.3.1 Experimental setting

Computing platform. The proposed MNSA algorithm was implemented in C++
and compiled using the g++ compiler with the -O3 option. The experiments were carried
on an Intel Xeon E5-2670 processor with 2.5 GHz and 200 MB RAM under the Linux
operating system.

Parameter settings. We used the automatic configuration tool “irace" [Lép+16] to
calibrate the parameters of the MNSA algorithm. This was achieved by feeding irace
with six randomly selected instances with a tuning budget of 1000. We adopted the best
parameter configuration given by irace and shown in Table 4.1.

Reference methods for comparisons. To evaluate the performance of MNSA, we
performed comparisons with three reference methods: the constructive greedy algorithm
proposed in 3.3, the 0/1 programming model proposed in 3.2.2 and a classic algorithm for
multiple neighborhood structures: the variable neighborhood search (VNS) [HMO01]. We
adopted the basic VNS described in [HMO01] with following steps:

1. Set k = 1;

2. Until k& = ke (kmae = 3), repeat steps 3 - 5;

3. Shaking: generate a random neighborhood solution from Ng;

4. Local search: variable neighborhood descent with first improvement (VND);

5. If this local optimum is better than the incumbent, move there and continue the
search with k& = 1; otherwise, set k = k + 1;
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4.3.2 Computational results

Given the stochastic nature of the MNSA algorithm, we ran MNSA 20 times indepen-
dently with 20 random seeds to solve each test instance. Each run was stopped when the
cutoff time of 30 minutes was reached or when the move acceptance rate v drops below
the threshold of 5% for five consecutive search rounds (see Section 4.2.1).

Table 4.2 shows the computational results of the proposed MNSA algorithm and the
compared approaches. Column 2 gives the objective function weight used for each instance
(see Section 3.4.2). Columns 3 to 6 report the results of MNSA with its best objective
value fp found among 20 runs, average objective value fg,,, standard deviations std
and the average time %,,4 in seconds to reach the best objective value. Note fyess and foug
correspond to lower bounds of the optimal objective value. Columns 7 to 9 (0/1P) give the
lower bound (LB), upper bound (UB) and gap% (gap% = |[UB — LB|/|LB|) achieved by
the CPLEX solver with the 0/1 programming model. Columns 10 and 11 (GIP) present
the results and run time of the greedy procedure. Columns 12 and 13 (VNS) present the
best objective value found and the average time to reach the best objective value among
20 runs of the variable neighborhood search. The best values among the results of the
compared approaches are highlighted in boldface. Entries with “-” mean that CPLEX
failed to output a result due to one of three reasons: i) out of memory; ii) unknown
solution status; iii) the pre-processing phase of CPLEX cannot be finished in two hours.

From the results of Table 4.2, we can make the following comments. First, compared
to the powerful MIP solver CPLEX, among the 12 instances where CPLEX produced a
result, MNSA found a better solution for seven instances against four cases in favor of
the CPLEX. The winning cases of CPLEX concerns only some small or medium scale
instances. Moreover MNSA has very small standard deviations, indicating its high ro-
bustness. Second, MNSA obviously improves on the results of the constructive greedy
procedure GIP and dominates the VNS for the whole set of 20 instances. The small p-
value (8.86e — 5 << 0.05) from the non-parametric Wilcoxon signed-rank test confirms
the statistical significance between the results of MNSA and those of GIP and VNS.
To complement this numerical comparison, Figure 4.4 summarizes the comparison using
barchart, which clearly shows the dominance of the MNSA algorithm over the reference
approaches.

Finally, to further illustrate the the performance difference among the three compared
approaches in a global manner, we show in Figure 4.5 their performance profiles [DM02].

Since the performance profile is defined with respect to a minimization criterion and
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Table 4.2 — Computational results of the proposed MNSA algorithm and comparison with
the reference approaches: 0/1 mathematical programming with CPLEX (0/1P), greedy
initialization procedure (GIP) and variable neighborhood search (VNS).

Joest  favg std tavg LB UB gap% f t f tavg
0 {5,3,0} 4.8033 4.8027 0.001137 158.87 | 4.8033 4.8068  0.074% | 4.0623 0.0003| 4.5333 0.0019
1 {5,2,1} 4.9113 4.8990 0.010970 171.29 | 4.9300 5.2124 5.73% | 4.2060 0.0008| 4.3098 0.0031
2 {5,1,2} 5.4940 5.4842 0.007514 100.20 | 5.4966 5.5445 0.87% | 5.1804 0.0003| 5.296 0.0042
3 {5,1,1} 4.7599 4.7494 0.005576 385.44 | 4.7178 5.4622 15.78% | 4.2480 0.0079| 4.4682 0.0251
4 {5,3,0} 5.1557 5.1267 0.014311 241.09 | 5.2055 7.2272  38.84% | 3.9318 0.0059| 4.5893 0.0237
5 {5,1,2} 4.7824 4.7708 0.005865 638.44 | 4.1436 5.9389  43.33% | 4.1916 0.0123| 4.3606 0.0862
6 {5,2,1} 4.1999 4.1537 0.030969 203.50 | 4.3155 5.6144  30.10% | 3.5143 0.0136| 3.6691 0.0233
7 {5,3,0} 5.9196 5.8732 0.029707 413.04 | 4.3039 130.5689 2933.77%| 5.0879 0.0051| 5.1856 0.0095
8 {5,2,1} 5.4681 5.4393 0.015094 443.30 | 4.1035 119.8726 2821.22%| 4.7085 0.0140| 4.8762 0.0417
9 {5,2,1} 5.3193 5.2901 0.013284 401.42 | 4.2911 123.7569 2783.99%| 4.7456 0.0103| 4.8281 0.0298
10 | {5,1,1} 3.4648 3.4508 0.010898 772.11 | 2.7762 4.0878  47.24% | 2.8983 0.0110| 2.9788 0.0271
11 | {5,1,1} 4.8414 4.8293 0.007239 1011.47 - - - 4.2377 0.0879| 4.4845 0.3210
12 | {5,1,1} 4.9955 4.9865 0.005668 1279.76 - - - 4.5686 0.1007| 4.7167 0.3445
13 | {5,1,2} 5.7975 5.7845 0.005673 1580.86 - - - 5.4005 0.1621| 5.5392 0.7872
14 | {5,3,0} 5.7826 5.7672 0.011426 1415.78 - - - 4.8303 0.6189| 5.3935 1.5429
15 | {5,1,2} 4.2270 4.2042 0.011491 604.31 | 3.4143 5.3128  55.60% | 3.6945 0.0197| 3.8136 0.1077
16 | {5,3,0} 4.6985 4.6606 0.021251 939.02 - - - 3.8128 0.3053| 4.2333 0.6114
17 | {5,1,2} 5.0051 4.9885 0.007458 1497.09 - - - 4.6198 0.2827| 4.7399 0.7498
18 | {5,2,1} 4.1314 4.1107 0.011794 775.01 - - - 3.5620 0.0678| 3.7551 0.1456
19 {5,1,1} 4.4820 4.4716 0.005591 1789.225 - - - 4.2342 0.5341| 4.2499 0.3389
p- 8.86e- 8.86e-
value 5 5

Objective value

0 MNSA
VNS
—/ GIp
3 0/1P

ins0 insl ins2 ins3 ins4 ins5 ins6 ins7 ins8 ins9
Instances 0-9

(a) Instances 0-9

Objective value

0 ins10 ins11 ins12 ins13 ins14 insl5 ins16 insl7 ins18 ins19

Instances 10-19

(b) Instances 10-19

0 MNSA
B VNS
— aGIp
1 o/1p

Figure 4.4 — Comparison summary of MNSA with 0/1 mathematical programming with
CPLEX (0/1P), greedy initialization procedure (GIP) and variable neighborhood search

(VN

9).
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our problem has a maximization objective, we first applied a transformation to convert
our objective function into a minimization case. Given a set Z of problem instances and
a set A of algorithms, we convert the objective value f;, on instance ¢ by algorithm
a to fi,a = fivest + Afio where f;pes is the best objective value on instance i by all
algorithms in A and Af;, = fipest — fia(Afia > 0), which represents the gap of the
objective value of approach a relative to the very best objective value. If Af;, = 0, the
approach a is the best approach in A on instance i, and we have fm = fia = fivest- If
Afio > 0, the approach a performs worse than the best approach in A, and we have
fi,a > fivest- This transformation method thus ensures that all transformed objective
values are greater than zero and maintain the original performance quality order. Based
on the transformed objective value fi,a, we define the performance ratio by r;, = fw /
min{ ﬂa :a € A} to represent the performance on instance ¢ by approach a compared
to the best performance by any approach on 7. We set r;, to +o00 if approach a does
not solve instance i. Then, to obtain an overall performance assessment of approach a,
we define P, (1) = size{i € T : r;, < 7}/|Z|, which is the probability for approach a
that its performance ratio 7;, is within a factor 7. The function P, is the (cumulative)
distribution function for the performance ratio. The value P,(1) is the number of instances
that approach a matches or wins over other approaches. We draw the performance profiles
with the software “perprof-py"!. From Figure 4.5, we observe that MNSA dominates the
other reference approaches with the best performance profile either in terms of the best

objective value or the average objective value.

4.4 Analysis and discussions

In this section, we present an analysis of the neighborhoods and parameters used in

the proposed algorithm.

4.4.1 Analysis of neighborhoods

MNSA explores three neighborhoods N;, Ny, N3 in a probabilistic way. In order to
assess the benefit of this neighborhood combination strategy, we present a comparison
of MNSA with three MNSA variants where only one single neighborhood is used. We

ran these variants under the same experimental conditions as for MNSA to solve the 20

1. Awvailable at https://ufpr-opt.github.io/perprof-py/index.html
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Figure 4.5 — Performance profiles of the 0/1 programming model, greedy initialization
procedure, MNSA average results, MNSA best results and variable neighborhood search.

instances. The computational results are reported in Table 4.3 and the visual presentation
is shown in Figure 4.6. We observe that the combination of the three neighborhoods
perform significantly better than each single neighborhood used alone. Moreover, among
the three neighborhoods, the “single activity change” neighborhood N; performs much
better than the other two neighborhoods. This explains why in MNSA, N; is given a much
higher application probability (p; = 0.8 against py = p3 = 0.1, see Table 4.1), allowing
thus this dominant neighborhood to play its role.

Finally, we find that the “activity swap” neighborhood N, alone can barely improve
the results of the constructive greedy initialization. In fact, the greedy procedure typically
produces a very dense solution with all possible activities and resources arranged. As the
result, the activity swap can rarely find a feasible move from such a solution. Interest-
ingly, when combined with other neighborhoods especially with Nj, the variant state of
solution provides Ny with more opportunities to find a feasible move. In conclusion, the
combination of neighborhoods brings highly positive effects for the search thanks to the

collective symbiosis of these complementary neighborhoods.
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Table 4.3 — Computational results (fpes) of MNSA with the combined neighborhoods
(N7 + Ny + N3) and each individual neighborhood: “single activity change” neighborhood
(Ny), “activity swap” neighborhood (Ny), “activity exchange” neighborhood (N3).

Instance Nl N2 N3 N1+N2+N3
4.8033 4.0623 4.1682 4.8033
4.9050 4.2060 4.2179 49113
5.4874 5.1804 5.2096 5.4940
4.6947 4.2480 4.3150 4.7599
5.1088 3.9318 4.0195 5.1557
4.7107 4.1916 4.2361 4.7824
4.1559 3.5143 3.5731 4.1999
5.8859 5.0879 5.1509 5.9196
5.4326 4.7091 4.7537 5.4681
9 5.2823 4.7456 4.7936 5.3193
10 3.3632 2.8983 2.9389 3.4648
11 4.7769 4.2377 4.2905 4.8414
12 4.9326 4.5686 4.6048 4.9955
13 5.7463 5.4005 5.4172 5.7975
14 5.7448 4.8303 4.8695 5.7826
15 4.1891 3.6945 3.7509 4.2270
16 4.6488 3.8128 3.8526 4.6985
17 4.9438 4.6198 4.6610 5.0051
18 4.0512 3.5620 3.6170 4.1314
19 4.3904 4.2342 4.2933 4.4820
p-value  8.86e-05 8.86e-05  8.86e-05

o

0 O Uik Wi

6.0 Computational results of neighborhoods

N1
-- N2
-- N3
N1+N2+N3

55}

&~ -~ w
o w o

Objective value

[
n

3.0

2.5

0 5 10 15 20
Instance

Figure 4.6 — Comparison of four neighborhood combinations.
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4.5. Conclusion

Table 4.4 — Parameter levels for the 2-level full factorial experiment of MNSA.

Parameters Low level  High level

To 0.05 1.0

L 100000 500000

« 0.95 0.99

D1, P2, P3 (0.4,0.3,0.3) (0.8,0.1,0.1)
tm 10 50

4.4.2 Analysis of parameters

The proposed MNSA algorithm requires five parameters. The initial temperature Ty,
the number of move per temperature L, and the cooling ratio a are required by the SA
framework, while the neighborhood probabilities (p1, p2, p3) and the timeslots maximum
selection number tm are used to define the neighborhoods. To investigate the effects
of these parameters and their interaction effects, we performed a 2-level full factorial
experiment [Mon17] with the levels of these parameters shown in Table 4.4.

We conducted the factorial experiment on six randomly selected instances and each
instance was solved 20 times independently. We recorded the average value of the best ob-
jective values found on the six instances. We applied the multivariate analysis of variance
on the results obtained with the verification of normality distributions and the variance
homogeneity. Table 4.5 provides the results of the analysis with the p-values from the
F-statistic test for each parameter, all the combinations of two parameters and all five
parameters. For a significance level of 0.05, a p-value less than 0.05 indicates a significant
relationship between each parameter (or parameter combination) and the results. We ob-
serve that each parameter has a significant effect on the algorithm performance according
to the very small p-values. This is specially true for the number of moves per tempera-
ture L and the timeslots maximum selection number ¢tm. Moreover, the interaction effects
between any two parameters are also significant, which explains why we didn’t apply the
one-at-a-time sensitivity analysis to determine our parameters’ values. In conclusion, the
MNSA algorithm is sensitive to the settings of its parameters and the interaction effects

between them are significant.

4.5 Conclusion

This chapter described an effective local search algorithm called MNSA for the person-

alized user project planning problem. Based on the simulated annealing framework, the
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Table 4.5 — Results of the analysis of variance of the 2-level full factorial experiment of
MNSA.

Source p-value

Ty 2.615913e-297
L 0.000000e+00
a! 5.014828¢-213
(p1,p2,13) 3.125439¢-231
tm 0.000000e+00
a*Ty 3.126968¢-233
a*L 2.143320e-263
To*L 9.885850e-284
a*tm 2.727317e-107
To*tm 6.006472¢-246
L*tm 4.492402e-304
o*(p1, p2,p3) 1.734318¢-29
To*(p1,p2,P3) 1.622446¢-04
L*(p1,p2,p3) 1.310061e-144
tm*(p1, p2, p3) 5.137107e-40

a*To* L*tm*(p1, p2, p3) 1.592908e-121

proposed algorithm explores three dedicated neighborhood structures in a probabilistic

way.

— Since the problem is highly constrained, the combination of simulated annealing
method and probabilistic neighborhood search achieved an efficient exploration of
the neighborhood structures, where each feasibility verification could lead to an

effective move.

— We showed the effectiveness of the multi-neighborhood local search. These three
neighborhoods are inspired by real planning operations, the single activity change
neighborhood can explores the search space quickly and the the activity swap and
exchange neighborhoods focus on the improvement of evaluation function. We also
proved the advantage of combining these three neighborhoods compared with each

single one.

— MNSA perform well on the realistic test instances, compared with approaches pro-
posed in Chapter 3, MNSA found a better solution for 7 instances against 4 cases in
favor of the CPLEX and obviously improved the result of the constructive greedy

procedure.
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CHAPTER 5

ADVERSE EVENT REPORT
CLASSIFICATION IN SMSS

5.1 Introduction

In the previous chapters, we presented the modeling and solutions of the user project
planning problem, which aims to ease the project conception task for decision-makers.
Once the project plan is validated, the user will start to participate in activities according
to this plan, which is the second part of the project programming process (see Section
2.2.3). To better follow user’s project, professionals have to note all related information and
one of the major sources is the adverse events (AEs). However, structures are struggling
to conduct an efficient analysis of AEs due to the abysmal quality of event reports. In this
chapter, we aim to objectify the information of an AE in the SMSS by proposing the most
corresponding facts according to the analysis of the event description. Specifically, the
proposed classification method is based on the keyword lexicons which are constructed
with the real event cases and a terminology of synonyms. In addition, we develop a
visualization tool which helps the management and analysis of AEs for structures. We

summarize the main contributions of this work as follows.

— First, we collect 500 real AE descriptions from more than 30 social and medico-
social structures. For each event, we extract its keywords and classify it with a fact
manually. Based on these real AEs, we construct a list of facts that contains almost

all possible situations of AE within a social and medico-social structure.

— Second, we propose a method to predict automatically the fact of an event accord-
ing to its text description to ease the task of reporter. The method contains three
phases: a preprocessing phase, a lexicon construction phase and a similarity calcu-
lation phase. The knowledge used contains not only the classified events but also

a terminology of synonyms specially designed for the SMSS, which can guide the
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reporters to employ more technical expressions and terms to improve their writing
quality. We test our method on the collected real AEs with a 5-fold cross-validation

and obtain appreciable results.

— Third, based on the events classified, we develop a knowledge visualization tool
including the keyword cluster graph and the event cluster graph. The visualization
tool provides an intuitive view to observe and analyze the distribution and relation
between terms and events, which can help structures to correct and improve the

writing and service quality.

This chapter is introduced as follows: Section 5.2 presents the practical context about
the AE in the SMSS and the motivation of this work. Section 5.3 presents representative
studies on AE and text classification. Section 5.4 introduces the data that we work on
and the annotation process. Section 5.5 presents the main components of our classification
method and Section 5.6 reports the classification results and the visualization tool. We

draw conclusions in the last section.

5.2 Practical context

In this section, we introduce the practical background of the adverse event in the
SMSS and the motivation of this work.

5.2.1 The adverse event in SMSS

In France, Adverse Events (AEs) in the SMSS include any serious dysfunctions in the
management or organization which could affect the care of users, the support or respect
for their rights and any event having the effect of threatening the physical or moral health
of users or employees, directly or potentially. Different from the AE in the medical sector
which relates mostly with drug, care or operation, the AE in the SMSS involves more

complex situations since the hosted population is very diverse. Typical AE types include:

— Violent behavior (verbal or physical aggression).

— Accidents or incidents related to an error of care or supervision (mistreatment,

medication error).
— Malicious acts within the structure (steal, weapon holding).

— Disasters and exceptional weather events (flood, fire).
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— Accidents or incidents related to technical equipment or organization (power break-

down, absence, planning error).

— Suicides and suicide attempts.

The AEs occur frequently in all types of social and medico-social structures, which
reflect directly the life quality of users and the management capacity of the structure. An
AE may lead to very serious consequences from property damages to casualties. Therefore,
to avoid the recurrence and improve the service quality of structures, AEs have received
increasing attention from the sector and the government in recent years. Indeed, several
policies have been established to standardize the declaration and analysis of AEs in the
SMSS:

— The decree No0.2016-1813 [16b] defines the nature of serious dysfunctions and events
of which the administrative authorities must be informed and obliges the structures

to declare to the competent administrative authority, without any delays.

— The decree No.2016-1606 [16a] specifies the modalities of declaration of serious AEs
associated with care. This declaration includes two parts: the first part must be
reported without delay, which includes the first elements relating to the event, then,
after analysis, the second part must be carried out in the following three months,
which includes the elements of feedback, as well as the corrective measures taken or

envisaged.

— In 2017, The common digital portal! is on-line for reporting AEs with various
different types of form for structure, professionals and users. The bylaw of February
27, 2017 [17] defines the list of categories of adverse health events for which the

declaration or report can be made through the digital portal.

The treatment procedure of an AE is shown in Figure 5.1. When an AE occurs in
the structure, the witness(es) (could be user(s), professional(s) or visitor(s)) has(have)
to report the detail of event to the structure and the event will be documented. Then,
according to the type and severity of the event, the structure has to declare to the ad-
ministrative authorities or the digital portal using official templates, explaining in detail
the event in a chronological order. After the declaration, some analysis and measures
could be carried out if necessary. The analysis of an AFE is critically important especially
for the serious AEs associated with care. An adequate analysis allows the structure to

find the root cause of the event and then implement effective measures to prevent the

1. https://signalement.social-sante.gouv.fr
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Adverse
event

Declaration Analysis Measures Evaluation

Figure 5.1 — AE treatment procedure in SMSS.

recurrence. The measures to carry out are determined according to analysis, and could be
implemented by the structure, such as personnel adjustments, repair, etc.; or by the user,
such as canceling or adding certain activities in his/her personalized project. When the
measures have been implemented, the structure has to evaluate the effectiveness to make

better decision for the next similar AE.

5.2.2 Problematic and motivation

Despite the importance of the declaration and analysis of AE, structures are still
confronted with many difficulties in the implementation of these policies. According to
the 2019 annual activity report on serious AEs from the French National Authority for
Health (HAS) [HAS20], the quality assessment of the declarations received by HAS shows
that the analysis is insufficiently performed for 49% of AEs and 53% of AEs could have
been avoided. According to our survey and interviews with professionals in the SMSS,

there are mainly the following difficulties in practical operations:

— Lack of tools, methods and official guides to record and analyze efficiently the AEs

within structures.

— Poor writing quality and subjectivity of the reporter who describes the AE, such as
misspellings, colloquialism and imprecision, which often lead to incomprehension or

misunderstanding.

— Missing of meta-data, even though most templates provide many additional infor-
mation choices to detail the event (such as importance, fact, severity), due to the

wrong evaluation or lack of concern, these types of data are mostly unavailable.

As a result, extracting objective information from an AE report is indispensable to
the analysis and treatment. To represent the AE objectively and accurately, we introduce
the concept of fact of AE, that can be seen as a very specific AE category. The fact is

selected from a definitive fact list defined by the structure with all possible situations that
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could happen within the structure (absence of staff, physical aggression, traffic accident,

etc). Four examples of AE description and their fact are presented in Table 5.1:

Table 5.1 — AE examples and their fact.

Event description Fact

The names on two pill organizers prepared by nurses have been

reversed. In fact, one in these two persons has received treatment

that is not theirs; the second person realized that the treatment

was not theirs. Medication error

Accident between the Abej vehicle (Clio3) and another vehicle
during an accompaniment. Traffic accident

Mr.S (educator) calls to inform that he had an accident on his
way to work. He informs that he would be late because he was
waiting for the tow truck. Traffic accident

Fight at the reception between two young people, a third who

got involved by giving a punch from behind. The team had to

intervene to separate. To calm things down, I had to go out

with whoever seemed the most angry. Physical aggression

As shown in Table 5.1, the fact of an AE represents the most essential information
in a concise way which can ensure an objective understanding. Indeed, even some AEs
are described in very different way, they may still have the same fact and can be treated
with similar measures. Hence, the correct selection of fact can significantly simplify the
understanding, statistic, analysis and treatment. However in most AE report cases in the
SMSS, the fact of AE is missing or incorrect due to the unprofessional reporting habits
of reporters, especially with the lack of efficient decision support reporting tool. To cope
with this problem, we explore the possibility of assisting the determination of fact for an
AE case according to the analysis of the event description. Next, we present representative

studies on AE classification and extraction and our solution method.

5.3 Literature Review

There has been a considerable amount of studies in the filed of AE classification and
extraction and table 5.2 summarizes the aim and approaches of some representative related

studies.
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Table 5.2 — Summary of related studies on AE classification and extraction.

Reference ~ Aim Data source Approach(es)
AE classification
Potential anaphylaxis Rule-based classification
[Bot+11] i Unstructured free text ) ) ]
detection Supervised machine learning
. o Structured adverse Supervised machine learning
[Dev+17] Seriousness determination )
event cases Deep Learning
[Lee+17] Adverse drug event detection Unstructured tweets Deep Learning
) Structured data and ) ) )
[Roc+15] AE detection o Supervised machine learning
unstructured description
(Han-+17] Medication-related AE Structured data and Text mining
an
identification unstructured description Supervised machine learning
[Mén+19] AE number prediction Structured clinical data Supervised machine learning
AEs prediction . . . .
[Han+19] . Structured patient data Supervised machine learning
after spine surgery
AE extraction
[Pan+19] AE detection Structured Product Labels  Event-based text mining
) Structured data and ) . )
[Ram+14]  AE detection o Supervised machine learning
unstructured description
Adverse drug reactions Unstructured user comments Text mining with a
[Lea+10]

extraction

to health-related websites

lexicon approach

AE classification task aims to predict an output variable of an AE case. The deter-

mination of AE severity has been widely investigated, which is usually formulated as a
binary classification task [Bot+11; Dev+17; Han+17; Lee+17; Roc+15]. In addition, Han

et al. [Han+19] predicted the type of AE from the data of patients which can be seen as a

multiclass classification task and Ménard et al. [Mén+19] predicted the expected number

of AEs to solve the under-reporting issue. Machine learning algorithms have been suc-
cessfully applied to solve these kinds of problems [Bot+11; Dev+17; Han+17; Han+19;
Mén+19; Roc+15] and neural network algorithms [Dev+17; Lee+17] have also been in-

vestigated recently. However, these methods are only effective on structured data and rely
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on a large set of labeled samples.

AE extraction task aims to extract AE related terms from data or text. Pandey et al.
[Pan+19] extracted and encoded AE terms from structured product labels and Leaman et
al. [Lea+10] extracted AE tokens from unstructured comments with a lexicon approach.
Ramesh et al. [Ram+14] developed an annotated corpus and biomedical named entity
tagger to automatically identify medication information and AE entities in text. Text
mining tasks require usually qualified experts in the domain to predefine specific rules or

lexicon as the basis of mining.

Moreover, all these studies focus on English AE reports, to the best of our knowl-
edge, there is no study on French AE reports. Related work about French medical text
includes disease detection from dialogue [Amb+20], automatic classification of doctor-
patient questions [Lal+19] and drug non-adherence detection [BG19]. This work presents
the first classification approach to classify French AE reports in the SMSS by adapting
the lexicon-based classification method with lexicons specifically constructed for the sector

including professional terms and informal expressions.

Natural language processing (NLP) refers to automatic computational processing of
human languages to computer-understandable format [AlI88]. Advanced NLP techniques
have been successful to solve AE classification problems [MHO05], including part-of-speech
(POS) tagging [Sch13] to mark up the POS of words in text and named-entity recog-
nition (NER) [NS07] to identify entity (person, organization, etc.) names, etc. In ad-
dition, lexicon-based classification approaches have also been applied to text classifica-
tion [Ban+17; MG16]. However, most lexicon generation methods require a large corpus
[Ban+14] or official thesaurus [Lea+10] to extract terms, which are not available for the
AE in the SMSS. We propose hence a method adapted to the particular situation for the

AE of SMSS in France where corpus resource is still missing.

5.4 Adverse event data

In this section, we present the main features of the text data that we work on and the

annotation process.
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Figure 5.2 — Length distribution of 500 AE descriptions before and after removing stop
words.

5.4.1 Data acquisition

We work with 500 AE descriptions collected from the management system of more than
30 social and medico-social structures during 3 years. Each AE case is an unstructured
text description in French. An anonymization process was firstly performed for all events

to protect users’ privacy.

We perform some basic statistics to obtain an immediate insights of these AE data.
First, we draw the distribution of description length, Figure 5.2 shows the length distri-
bution of 500 AE descriptions before and after removing stop words where up to 35% of
original descriptions have less than 30 words and 57% after removing stop words. This
result indicates that most event descriptions are too short to describe the event in detail

enough.

Then, we detect many spelling errors and special abbreviations in these texts. These
small spelling mistakes will not cause much difficulty for reading but most NLP approaches

do suffer from it. Some problematic AE examples are given in Table 5.3.

Finally, we draw the distribution of the top 20 unigrams and bigrams after removing
stop words (Figure 5.3) to visualize the most prominent words utilized to describe these
events. The top unigrams are mostly very regular and common words that can’t present
much information, but top bigrams do show some features of events such as "come work"

and "absence employee" indicate that there are many cases of absence in these AEs.
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Table 5.3 — Problematic AE examples.

Original description

English translation

Problem

Accident, l'infirmiére partait au
laboratoire pour identifier un bi-

Accident, the nurse went to the
laboratory to identify a blood

Difficult to understand
due to the overly brief de-

lan sanguin. test. scription.
L’intérimaire AS prevue demain | The interim AS scheduled for to- | Unclear abbreviation
matin ne viendra pas. morrow morning will not come. “AS” and “prévue” is

misspelled as “prevue”.

Appel de linfirmiere intérimaire
pour signaler le nom retour de
permission de Mr T prévu ce

Call from the temporary nurse
to report the non-return of Mr
T’s permission scheduled for this

“non” is misspelled as
“nom”, which is also a ex-
isting french word but in-

jour. day. correct here.
. _user ~call come
inform technical on-call
ask civic_service
room fire start
service night call
pu . front door
night voice message
take absence emﬁlo ee
. go ick in
continue come work
report come see
exit team call
morning next morning
door prevention officer
request monday mornin
team security guar
agent set o
come call report
makﬁ ctalll<pollcei
@020 40 60 80 100 120 140 160 aKe poshy 5 10 15 20 25

Figure 5.3 — The distribution of top 20 unigrams and bigrams of 500 AE reports after

removing stop words.
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5.4.2 Annotation

We review manually these 500 event descriptions to determine the adverse level of
each case and label each qualified AE with a fact. Then the annotation results have been
validated by an expert in the sector. Among these 500 cases, 112 cases with no adverse
or potential adverse effect were identified as nonAE. As such, we qualify 388 validated
AE cases and a class label (fact) is assigned to each of them. 36 different facts have been
extracted among these AEs which can cover almost all situations that could happen in a
social and medico-social structure. If an AE case includes several facts, the most serious
one was selected (e.g., when there is “verbal aggression” and “physical aggression” within

one event, the “physical aggression” will be selected).

Figure 5.4 shows the count distribution of these 388 AEs by 36 facts, facts have less
than 5 samples are merged in the class "others". The distribution indicates the extreme
class imbalance of events that some types of events happen frequently such as absence of
staff, malfunctioning and verbal aggression and some classes have only one sample such

as burglary, suicide, death of user, which are much more serious.

Since these AE reports are unstructured text descriptions, the task of selecting the
fact of an AE can be formulated as a multiclass text classification problem. Based on these

features, the preprocessing and classification methods are presented in following sections.

5.5 Methods

In this section, we present the proposed method for the auto-classification of AE. To
classify AE cases, we first preprocess AE descriptions to extract features of AE with NLP
techniques. Then we construct lexicon for facts based on the keywords extracted from AE
descriptions and a dedicated terminology of synonyms. Finally, we calculate the event-fact
similarity to determine the fact with several text similarity approaches. Figure 5.5 shows

a general procedure of the classification method.
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Fact distribution

Verbal aggression
Physical aggressc.

Equipment degradation

Steal '
Team dysfunction
ct

Equipment malfunction

Absence of staff

others

Heating breakdown
Work accident
Medication error
Power breakdown
Absence of user
Flood
Parking accident
Equipment missing " Fire Insufficient/delayed delivery

Traffic accident Physical aBnormaIlty

Physical aggression with obje:

Hospitalization of user

Figure 5.4 — Fact distribution of 388 AEs.
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Preprocessing: Lexicon construction: Similarity calculation:
AE description e  Anonymization e  AE keywords e Intersection similarity
e Filterage e  Terminology of e  Cosine similarity
e Stemming synonyms e Jaccard similarity

Figure 5.5 — General procedure of the automated AE classification.

5.5.1 Text preprocessing

In preparation for the classification, each unstructured text description is transformed
into a word stem set with only the most significant words. We first apply the spelling
correction of French on the text to correct spelling errors. Then, to further extract the
informative features of the event, we remove all stop-words and keep only verbs, adjectives,
adverbs and nouns in the text according to the POS tagging results. Finally, we apply
word stemming on the rest of words. Figure 5.6 shows an example of the event description
preprocessing. Text preprocessing was conducted in Python 3.6 with packages NLTK,
spaCy and pyspellchecker.

Original text Spelling correction Word filtering Stemming
Mr.C is sickk does Mr.C is sick does , .
not feel well atall. | —s [ notfeelwellatall. [—s aMsrkg’ sl:rkrﬁiffgﬁgn = le'(c' Z'rcnf;;fe"
Asks permission to Asks permission to homé P ! hon"rlg !
go home go home

Figure 5.6 — An example of AE description preprocessing.

5.5.2 Keyword lexicon of fact

To the best of our knowledge, there is no public thesaurus or ontology in French in
the field of AE in the SMSS. As the result, we establish a keyword lexicon for each fact

as the basis of classification. We work in two directions:

1. The keywords collected from AE descriptions. According to the manual annotations

validated by the expert (Section 5.4.2), we extract the keywords including informal
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expressions and formal terms of each AE based on its fact. We obtain hence a list
of keywords for each fact from the 388 classified AEs.

. A dedicated terminology of synonyms specially constructed for AE in the SMSS. The
purpose of this terminology is to 1) enrich the keyword list of facts extracted from
real AE data in the first step; 2) provide a lexicon guide for reporters in the structures
to improve their writing quality. We co-construct this terminology with an expert
in the SMSS by collecting terms and words from three sources: official documents
such as annual reports in the SMSS, practical professional writings in structures
and the general French dictionary of synonyms, terms collected were later divided
into groups of synonyms. Specifically, the terminology is composed with groups of
synonyms including two parts: one term and several variants. Table 5.4 shows a part
of the terminology. As shown in Table 5.4, words in a same group are considered as
synonyms in the context of the AE in SMSS. Moreover, the term in each group is
chosen as the representative of the group which means it is recommended to use in

practice to describe an AE.

Table 5.4 — A part of the terminology of synonyms for AE in SMSS.

Term Variants

aggression | assault, attack, violence, provocation, hit, slap

automobile | vehicle, car, tow truck

traffic road, journey, highway, route

injury bruise, wound, bleeding

To generate the final keyword lexicon, we combine these two word sets by extending

the keyword list of facts collected from real AEs with the terminology of synonyms.

Specifically, for each word in the keyword list for a given fact, this word and all its

synonyms will be added in the keyword lexicon of the fact.

5.5.3 Event-fact similarity

The determination of fact for an AE is based on the value of the event-fact similarity.

Various text similarity measures have been proposed and applied to solve text classifica-

tion and clustering problems [Hua+08]. Given an AE e and a fact f, we state £ as the
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preprocessed word set of event e (Section 5.5.1) and F as the keyword lexicon of fact f

(Section 5.5.2). We test three types of similarity:

— Intersection similarity:
€N F|
SI(ea f) = |5‘

This measures similarity as the the number of common words between £ and F
divided by the length of £.

— Cosine similarity:

Pwesur Qe(w)Qp(w)

SC e, =
9 \/(ZwESuF Q2(w)) (X wesur Q?(w))

where Q.(w) and Qy(w) is the occurrence of word w in £ and F, this similarity
measures the cosine of the angle between two vectors over £ and F projected in a

multi-dimensional space.

— Jaccard similarity:

_ENF
|EUF

The Jaccard metric measures similarity as the size of intersection divided by the

SJ(@, f)

size of union of £ and F.

5.6 Results

5.6.1 Lexicon construction results

A lexicon is constructed for each fact based on 388 AE cases, including informal
expressions used by reporters within structures and formal terms extracted from official
documents. We develop in addition a management system which allows structures to add,

edit or delete terms in lexicons and terminology (see Table 5.5 for some examples).
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Table 5.5 — A part of the lexicon for three facts of AE.

Fact Lexicon

Absence of staff cannot take, did not show up, illness, time off, not
there, absence, individual, absent, not arrived, ser-
vice, leave, not present, will not come, isolated, suf-

fering...

Traffic accident traffic, transport, drive, accident, shock, car, hooked
up, vehicle, high speed, hit, fuel, road, highway,

crash, tow truck...

Equipment malfunction no longer works, malfunction, no access, alarm, out of
service, damaged, blocked, badge forgetting, locked

out, impossible to open, forgotten, settled, locked up,

fault, degrade, broken down, not working...

We also test WordNet to extend the keywords of AEs. WordNet is a popular lexical
database for English where words are grouped into sets of cognitive synonyms called
synsets, the French version of WordNet is called the WOLF (Wordnet Libre du Frangais)
[SF08]. However, we find the result constructed with WordNet is not appropriate due to
several reasons. First, WordNet is a general lexical database where synonyms are divided
by different concepts of the word, which leads to that the synonyms provided by WordNet
are too general and not specific enough in the context of the SMSS. Second, WordNet
contains only formal vocabulary words, where many particular expressions used in practice
are ignored. Third, synonyms in WordNet are indexed with the lemmatisation of the
word, which needs the POS tagging of the whole sentence and the lemmatisation of single
keyword is very unreliable. As the result, a specific synonymy dictionary is necessary for

our study.

5.6.2 Classification results
Evaluation metrics

For each AE to classify, we take up to five facts with the greatest non-zero similarity
as the prediction result and consider classification as correct if the true fact is included in
these proposals. We chose the multiple output prediction because many AEs include more

than one facts, and the selection of the final fact is mostly a subjective choice according
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to the actual situation, on the one hand; and it is more preferable that the decision is
handled by the reporter instead of replacing them to decide, on the other hand.

In order to examine the performance of classifier, we apply a standard 5-fold cross-
validation method following the common 80%-20% split ratio. We randomly divide the
AE data into 5 subsets (folds) with same size. For each iteration, the kth fold (k=1...5)
is used to be the testing fold to evaluate the performance of the classifier based on event-
fact similarity and the other four training folds provide their keywords as the source to
construct the keyword lexicon for facts. Note that due to the extreme class imbalance of
data, not all classes (facts) are included in each fold. Considering the imbalanced class
distribution, we use the weighted-average recall (weighted-R), which is always equal to
the accuracy according to its definition, the weighted-average precision (weighted-P) and
the weighted-average specificity (weighted-S) to evaluate the performance of the classifier.
Note that the recall (accuracy) is preferable here since we require that the true fact can be
found as possible to help reporters make their decision quickly, the other false predicted

facts will not affect the decision-making a lot.

Experimental results

Table 5.6 shows the weighted-average recall (weighted-R), weighted-average precision
(weighted-P), and weighted-average specificity (weighted-S) of the classifier with three
different similarities (Section 5.5.3) on the testing fold and training folds for five iterations
of the 5-fold cross-validation. The results show that the three similarities perform well
on testing folds (84%—-88%) and training folds (88%-92%) in terms of recall but they do
struggle with the precision, which is inevitable due to the multiple prediction outputs. The
Friedman test (p-value=0.45) indicates that there is no statistically significant difference
between the results of three similarities for weighted-R.

Table 5.7 shows the performance of classifier with the intersection similarity of each
class (fact) on testing folds with the name of fact, number of events (NE) of the fact,
recall, precision and Fl-score. First, we attempt to investigate the relation between the
performance and the characteristic of fact. According to Table 5.7, we observe that certain
facts do have a better result than the others such as hospitalization of user, fire, flood,
etc, with the recall of 1.0 and also a good precision. This kind of facts usually have a very
accurate and clear definition and distinct keywords which could help the identification.
Inversely, facts that contains more various cases such as team dysfunction will bring more

uncertainty to the classification which leads to a lower recall and precision. For this kind

92



5.6. Results

Table 5.6 — Top 5 classification performance with three similarity methods on 5-fold cross-
validation.

Testing fold Training folds
Similarity weighted-R~ weighted-P  weighted-S  weighted-R ~ weighted-P  weighted-S
Iteration 1 0.77 0.39 0.84 0.9 0.32 0.78
Iteration 2 0.79 0.34 0.81 0.9 0.30 0.80
Intersection Iteration 3 0.84 0.39 0.82 0.9 0.28 0.78
Tteration 4 0.91 0.46 0.85 0.89 0.27 0.78
Iteration 5 0.90 0.33 0.71 0.9 0.29 0.81
Average 0.84 0.38 0.81 0.90 0.29 0.79
Iteration 1 0.93 0.29 0.85 0.92 0.31 0.82
Iteration 2 0.90 0.35 0.79 0.93 0.29 0.83
Cosine Iteration 3 0.94 0.34 0.85 0.91 0.29 0.81
Iteration 4 0.92 0.42 0.85 0.92 0.28 0.82
Iteration 5 0.71 0.29 0.77 0.92 0.30 0.84
Average 0.88 0.34 0.82 0.92 0.29 0.82
Iteration 1 0.91 0.31 0.85 0.87 0.31 0.83
Iteration 2 0.91 0.37 0.79 0.87 0.29 0.84
Jaccard Iteration 3 0.86 0.33 0.84 0.88 0.29 0.83
Iteration 4 0.87 0.42 0.86 0.88 0.28 0.83
Iteration 5 0.85 0.35 0.80 0.89 0.30 0.84
Average 0.88 0.36 0.83 0.88 0.29 0.83
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Figure 5.7 — Average performance of classifier of facts grouped by number of events.

of facts, dividing them into more detailed classes could be the solution. Then, we want to
figure out whether the number of samples of fact influences the classification performance.
For example, the facts with more events may lead to better performances. Figure 5.7 shows
the average performance (precision, recall, fl-score) of facts grouped by the number of
events. We observe that there is no obvious relation between the classification performance
and the number of samples, except that some facts with just one sample have a precision
and recall of zero, which is explainable because there is no knowledge existing to predict
it. Apart from this, facts with limited samples can still achieve an effective prediction,

which indicates the robustness of the classifier.

5.6.3 Knowledge visualization solution

In addition to the fact classifier, we propose two visualization charts for AE data as
an additional decision-support tool to help the structures improve their AE analysis and

complete their knowledge.

— AE graph (Figure 5.8). Each vertex in the graph represents an AE case and its color
represents the fact that it belongs to, while the label of vertex is the keywords of the
AE. Edge between two vertexes means that these two AEs have common keyword(s)
and the edge width indicates this overlap size. This visualization of AEs provides

first, an immediate vision of the distribution of AEs within structure, which allows
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Table 5.7 — Classification performance with the intersection similarity of each fact on
testing fold.

Fact Number of events Recall Precision Fl-score
Absence of staff 68 1.0 0.37 0.54
Equipment malfunction 38 0.82 0.18 0.30
Verbal aggression 36 0.92 0.23 0.37
Physical aggression 31 0.65 0.43 0.52
Equipment degradation 29 0.86 0.21 0.34
Steal 17 0.82 0.30 0.44
Team dysfunction 15 0.47 0.07 0.12
Physical aggression with object 14 0.93 0.12 0.21
Hospitalization of user 13 1.0 0.62 0.77
Physical abnormality 12 0.42 0.17 0.24
Equipment missing 12 0.83 0.26 0.40
Traffic accident 12 0.92 0.34 0.50
Fire 8 1.0 0.62 0.77
Insufficient /delayed delivery 8 0.88 0.28 0.42
Parking accident 8 0.88 0.22 0.35
Absence of user 7 0.71 0.06 0.11
Flood 7 1.0 0.58 0.73
Power breakdown 6 1.0 0.23 0.37
Work accident 5 1.0 0.24 0.39
Heating breakdown 5 1.0 0.09 0.17
Medication error 5 0.80 0.25 0.38
Suicide attempts 4 0.75 0.38 0.50
Falling of user 4 1.0 0.24 0.39
Sexual aggression 4 0.50 0.03 0.06
Death of user 3 0.67 0.29 0.40
Discovery of weapon 3 0.67 0.33 0.44
Escape of user 2 1.0 0.67 0.80
Accidental exposure to blood 2 1.0 0.50 0.67
Burglary 2 1.0 0.18 0.31
Illegal activity 2 0.50 1.0 0.67
Unauthorized occupancy 1 0.0 0 0
Falling of material 1 1.0 0.11 0.20
Irregular introduction 1 0.0 0 0
Psychological abnormality 1 1.0 0.06 0.11
Harassment 1 1.0 1.0 1.0
Suicide 1 0.0 0 0

95



Part , Chapter 5 — Adverse event report classification in SMSS

the structure to implement targeted measures for frequent facts; second, the possi-
bility to correct and improve the existing knowledge. For example we can observe
from Fig. 5.8 the vertex “mistaken, car, tow truck, fuel” has more connections with
vertices of other facts instead of its own fact, which means that the annotation of
this AE should be reverified.

@ Team dysfunction door, vandalized
box, broken

@ Degradation of equipment

© Traffic accident door, broken

car, vanfalized i .
traffic, accident, fuel

mistaken,car, .
tow truck, fuel automobile,

traffic

key, no response
Y P understaffed tow truck, accident

Figure 5.8 — A part of the AE graph.

— Keyword graph (Fig. 5.9). Each vertex in the graph represents a keyword used
in AE descriptions, its color indicates the main fact it belongs to and the size of
vertex represents its occurrence, the edge between two vertexes means that these two
keywords are used together in an AE and the edge width indicates this frequency.
This graph gives a direct vision about the vocabulary usage within structure, from

that we can observe the evolution of writing quality of reporters in the structure.

Ti dysfuncti fuel vehicle
© Team dysfunction tow truck

@ Degradation of equipment

path

O Traffic accident mistake accident

Figure 5.9 — A part of the keyword graph.
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5.7 Analysis and discussion

5.7.1 Error analysis

We randomly select 20 prediction failure cases to determine the primary reason of
error for the classification. The largest error source (70%) comes from novel AE cases or
terms that are not contained in the fact keyword lexicons, especially for the rare facts with
very few samples. This problem can be solved by enriching the fact keyword lexicons with
more cases and terms gradually, since the data source that we use is really insufficient
for most facts. Moreover, this kind of error is also caused by the use of slang words by
reporters, which requires more background knowledge to correctly understand them.

The second error source (15%) is the multiple facts case in one AE. These event cases
are usually described in more detail with several facts within one description. As the
result, the facts with a larger keyword lexicon are more probably to be predicted and the
true fact is excluded from the five most possible facts. This problem can be handled by
balancing the size of keyword lexicons of facts, or giving a predefined factor to each fact
according to their importance.

Even if we apply the spelling correction in the preprocessing phase, there are still
errors (10%) caused by spelling errors. The reason is that the misspelled word happens to
be another correct word that the corrector can’t detect it. This kind of spelling errors are
more difficult to identify automatically which requires the improvement of writing quality
of reports.

Interestingly, there is one error case (5%) which makes us reconsider the result of
our manual classification. Indeed, some AEs are difficult to determine which fact should
be selected and in this case, the selection depends fully on the subjective choice of the
reporter, considering the actual situation of the structure. Anyhow, the proposals of facts
by the classifier bring a positive affect to the decision-making of reporters by providing

them more possibilities before making their final decision.

5.7.2 Practical contributions

This work has responded to the urgent need for research in the SMSS by providing deci-
sion support solutions for AE report and analysis. The predictive classifier helps reporters
select efficiently and correctly the fact of event during documenting by proposing the most

related choices which can greatly improve the metadata missing situation. Even if there
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are still reporting errors, the visualization tools allow structures reverify and reconsider
their past decisions and existing knowledge and then implement corresponding measures
to correct. The predictive classifier and the knowledge visualization tool presented in this

work serve as a decision support module of the MSUsager software.

5.7.3 Limitations

There are some limitations in the current work. First, we did not consider the multi-
words terms in the preprocessing phase. We have tested some term extraction tools how-
ever the results given are very inaccurate. In fact, some phrases are used in AE descriptions
which also represent important information (e.g., “can’t come” is equal to “absent”). Hence
the classification results will be more accurate by adding these informative elements. Sec-
ond, due to the limited amount of data, we did not experiment the supervised learning
methods to solve this classification task like previous studies. In future work we intend
to experiment the machine learning algorithms when a considerable amount of data is
collected. Finally, the lexicons of facts can be further improved and enriched with the

management software which provides interfaces to add and edit terms in lexicons.

5.8 Conclusion

This chapter presented a solution for the adverse event (AE) report classification in
the SMSS. AE reports are very important information source to follow the personalized
project of users, however, structures are struggling to conduct an efficient analysis of AEs
due to the abysmal quality of event reports. This work aims to objectify the information
of an AE report by proposing the most related facts according to the analysis of the event

description.

— The proposed lexicon-based classification method is based on keywords lexicons
which are constructed with real AE reports and a terminology of synonyms. Com-
pared with traditional lexicon construction methods, this method does not need
large corpus resources to generate lexicons. The constructed lexicons also serve as a

reference to improve the writing quality of reporters.

— We tested our classification method on 388 real AE reports of the SMSS and achieved
an accuracy up to 88%, in addition, since the classification method doesn’t need

learning process, the predicted facts can be quickly proposed. This predictive classi-
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fier helps reporters select efficiently and correctly the fact of event during document-
ing by proposing the most related choices which can greatly improve the metadata

missing situation.

We developed two graphs as the knowledge visualization solution as an additional
decision-support tool. This visualization solution gives a direct vision about the
AEs and vocabulary usage within the structure, which allows structures reverify
and reconsider their past decisions and existing knowledge and then implement

corresponding measures to correct.
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GENERAL CONCLUSION

Conclusions

This thesis focuses on a practical problem, the personalized user project implemen-
tation in the social and medico-social sector. Since the law of January 2, 2002 which
modernizes the operation and evaluation of the sector, the implementation of personal-
ized user project become an obligation and an important evaluation indicator for all social
and medico-social structures. The personalized user project includes all the professional,
social and medico-social supports for the user according to his/her needs, expectations and
resources. However, the elaboration and the implementation of personalized user projects
are complex. The characteristic of population received forces the structures to adapt their
activities to each user profile and, consequently, to create numerous and varied activities
requiring different types of materials and human resources.

In Chapter 2, we presented the process to implement the personalized user project and
the current practical difficulties. To deal with these difficulties, we modeled the person-
alized user project planning as a constraint optimization problem. The main components
of the problem include a set of users, a set of activities, a set resources and a set of times-
lots. We represented the candidate solution by two matrices which represent the activity
plan of users and resources during a given number of timeslots. We also provided the
formulation of the constraints to respect and the objectives to maximize.

In Chapter 3, we proposed solution methods to solve the user project planning prob-
lem defined in Chapter 2. We first tested the mathematical programming approach with
CPLEX, we created an integer programming model where the decision variables take their
values in an integer interval representing the activity and a 0/1 programming model where
the decision variables take binary values. Another approach that we proposed is a greedy
heuristic algorithm, which generates always a feasible solution satisfying all constraints
with also good quality. For the experimentation of these approaches, we generated 20 sim-
ulated test instances of different sizes and tunable characteristics. We sent a questionnaire
survey to more than 3600 social and medico-social structures and received more than 200

responses. These instances were generated according to the survey results to fit as much as
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possible real situations. On these 20 test instances, The 0/1 programming model showed
a better performance compared to the integer programming model but still failed on 8
instances, the constructive greedy procedure generated feasible solutions in a very short
time and performed better than the mathematical programming models on middle and
large size instances.

In Chapter 4, we explored an effective multi-neighborhood simulated annealing (MNSA)
algorithm for the personalized user project planning problem. Based on the simulated
annealing framework, MNSA explores three dedicated neighborhood structures in a prob-
abilistic way. These three neighborhoods are inspired by real planning operations, we also
proved the advantage of combining these three neighborhoods compared with each single
one. In a given acceptable time, MNSA found a better solution for 7 instances against 4
cases in favor of the CPLEX and obviously improved the result of the constructive greedy
procedure.

In Chapter 5, we presented a solution for the social and medico-social adverse event
report classification and analysis. Adverse events reports are very important information
sources to follow the personalized project of users, however, structures are struggling to
conduct an efficient analysis of adverse events due to the abysmal quality of event reports.
We proposed a predictive classifier which could help reporters select efficiently and cor-
rectly the fact of event during documenting by proposing the most related facts, based on
keywords lexicons which are constructed with real adverse event reports and a terminology
of synonyms. We tested on 388 real adverse event reports and achieved an accuracy up
to 88%. In addition, we developed two graphs as the knowledge visualization solution as
an additional decision-support tool, which allows structures reverify and reconsider their

past decisions and improve their existing knowledge.

Perspectives

From the work presented in this thesis, several interesting perspectives can be identified

for future research.

— To solve the user project planning problem, we used a weighted sum method to
combine the three objectives. An interesting possibility would be to consider the
multiobjective optimization approach to obtain multiple alternative non-dominated

solutions from which the decision-maker can choose the most suitable solutions.

— The definition of the model could be improved or adjusted. The activities in the
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proposed model are considered to be independent. It would be interesting to study
possible relationships within the activities. Such an extension could be useful in
structures where such situations can be encountered, meanwhile, other special con-

straint and objective can be considered according to the actual needs.

We provide a automatic planning solution for the user project conception phase. An
interesting future study would be to investigate the dynamic user project planning
problem for the execution phase. Indeed, even though the project planning is vali-
dated before execution, unexpected changes happen frequently such as last-minute
unavailability of resources or professionals, activity interruption caused by an ad-
verse event, additional user needs, etc. All these events would lead to the need of
adjustments of users’ projects. For these situations, a new feasible planning with the
smallest changes as possible is needed quickly. As a result, a fast schedule adjustment

mechanism could be highly relevant to enrich the decision support system.

For the adverse event report classification presented in Chapter 5, we applied the
lexicon-based classification method due to the lack of data. When a considerable
amount of labeled data is collected, the experimentation of more sophisticated ma-

chine learning and deep learning methods could be of interest.
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