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Préface

Ces actes regroupent les articles présentés lors de la premiére Conférence Nationale sur les Nouvelles
Technologies Informatiques (CN2TI'15) qui s'est déroulées les 10-11 Novembre 2015 a I'Université 8
Mai 1945 de Guelma, Algérie.

L’objectif de cette conférence est de rassembler les jeunes chercheurs en informatique avec leurs
différentes disciplines et domaines d’application pour leur permettre de présenter leurs travaux de
recherches. Cette activité offre un cadre convivial aux participants pour présenter les travaux,
confronter les idées et débattre les contributions dans les différents domaines de recherche. La
présence de chercheurs seniors permet d’orienter et d’enrichir les idées des participants.

La manifestation couvre un spectre diversifié de thématiques de recherche, telles que:

- Bioinformatique

- Big data

- Cloud computing

- Datamining

- Education et E-learning

- E-technologies

- Informatique mobile

- Réseaux sociaux

- Réalité virtuelle et augmentée
- Réseaux de capteurs

- Web social

- Sécurité informatique

- Systéme multi agents

- Systémes distribués

- Traitement d'image & Multimédia
- Vision par ordinateur

- Web intelligent

- Web sémantique

- Génie du Logiciel

- Méthodes et vérification formelle
- Machine Learning

Le programme de cette édition 2015 comporte a la fois des articles contenant des travaux
théoriques ainsi que des applications pratiques qui font souvent appel a diverses techniques issues
des différents themes couverts par cette manifestation. Le comité de programme a procédé a
I"évaluation des articles soumis et il a sélectionné dix-sept articles pour une présentation orale soit un
taux de sélection de 80%.

Nous tenons a remercier 'ensemble des auteurs qui ont montré un intérét pour cette manifestation,
les conférenciers invités qui n’ont pas hésité a apporter leurs contributions, les membres du comité de
programme pour leur effort d’évaluation et les membres du comité d’organisation pour leur
disponibilité.

Le Président du Comité d’organisation
Dr. Mohamed Nadjib KOUAHLA
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Test-repair technique for broken test cases during
mobile Apps evolution

Lynda AIT OUBELLI and Abdelkrim AMIRAT
Dept of Mathematics and Computer Science
University of Souk-Ahras
Souk-Ahras, 41000, Algeria

Abstract— Successful mobile applications need to be rock
solid before and after they are released to the market, they
continue to make dramatic changes in response to their
ecosystem requirements or better understanding of user needs.
These changes incur high maintenance costs not only for the
Mobile App under test (MappUT) but also for the regression test
suites, which can often have larger complexity than the MappUT
itself, when requirements change and the MappUT evolves, some
existing tests break because they reflect the old behavior, and not
the new intended one. Broken tests cause many problems.
Updating them is time consuming and very expensive task, many
works tackle this phenomenon in different ways by different tools
and methods. This paper represents a new test repair technique
for broken test suites during the evolution of an android mobile
application; describing many aspects of design, development,
testing, based on a model driven engineering approach where the
models are serialized using the standard XMI.

Keywords— MappUT, Software evolution, Test case adaptation,
MDE, EMF compare;

I. INTRODUCTION

Mobile applications are becoming an integral part of our
life. Not long ago, many people used to feel uncomfortable
without a cell phone, nowadays most people feel
uncomfortable without a smart phone, a survey says that 47%
of adults couldn’t last a day without smart phone, this is mainly
due to mobile applications. A great revolution in the world of
mobile industry [1]. That has evolved very rapidly since its
beginning, from simple tiny pieces of calendars, calculators to
a huge growing number of modern applications that fulfil our
everyday tasks such as shopping, business, banking, diary
planning and social networking. All of this leads consumers to
ask many questions such as: what kind of mobile application
do we need in our lives? How can we choose them? How can
we decide whether to keep using or to throw an application?
These questions and many others lead developers to investigate
and ask: what basic challenges of developing a mobile
application are? How can we keep users away from
uninstalling our Apps? How to improve the quality of our
Apps? How to adapt our Apps with their ecosystems during
their evolution? What is a good or bad mobile application?
Generally software evolution is the dynamic behaviour of
programming systems as they are maintained and enhanced
over their lifetime. Lehman et al. [2] defined the phenomenon,

but what is the specificity of mobile application evolution?
When can we say that this application has evolved? Lehman et
al. [3] also proposed laws for software evolution, but, are they
applicable on mobile Apps? In order to gain insights into the
evolution of mobile application, Minelli et al. [4] investigated
either Lehman’s laws that were proposed for traditional
systems are available for mobile Apps and they proved that
mobile Apps evolution accepts the law of continuing change to
be applied. Second law of the increase in complexity is also
accepted despite the quality declining law; the authors
recommend further study to be done. And a question mark is
still put; testing is usually performed to improve quality, doing
this task during mobile Apps evolution manually or
automatically is a great challenge in the case of an application
developed individually or by a team of developers in the same
working area or in different ones. During mobile Apps
development this has an impact on test cases, and forces the
tester to generate test cases from scratch for each new change.
It takes a lot of time and will be an obstacle of putting the
application out the door because we are not sure of the quality
criteria which leads to break the confidence of the relation
consumer/products and throw the application after five minutes
of its installation.

The remainder of this research paper is organized as
follows: Section 2 describes an overview of several approaches
for studying mobile applications and their testing manually or
automatically, from their GUIs or codes, it seeks also mobile
Apps and their test cases evolution. Furthermore, Section 2
takes a closer look at the related works to our proposal. Next,
in Section 3 we discuss the theoretical sound of the model
driven approach for test cases evolution, architecture of the
proposal, technique environment. Section 4 represents case
study of the proposal (Android mobile App, the kind of
changes in the original application, the comparison pattern
used in extracting the equivalences and differences between
different versions, the generation of test suite from the
original version). Section 5 provides conclusions and future
works.

Il. BACKGROUND

Mobile Apps need to be rock solid before they are released
to the market [5]. Their testing process is time consuming and
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it involves huge amount of expenses. Yet critical to ensure that
consumers have a positive experience when they use mobile
applications. There are trade-offs that need to be considered
and choices that need to be made regarding the mix of
different techniques and methods that will be used in mobile
Apps testing [6].

A. Mobile applications and their testing

Mobile application whatever its type (Native App, Mobile
Web App or Hybrid App) [6], is a software application
designed to run on a smart phone, tablet, computers and other
mobile devices and/or taking in input contextual information
[7]. In mobile computing an application is considered to be
mobile if it runs on an electronic device that may move (e.g.,
mp3 readers, digital camera, mobile phones). Henry Mucciniin
et al. [8], defines from a testing perspective an App for Mobile
as an application that, driven by user inputs, runs on a mobile
device with limited resources. Satyanarayanan et al. [9],
synthetically captures the uniqueness and conceptual
difference of mobile computing through four constraints:
Limited resources, security and vulnerability, performance and
reliability, and finite energy source. According to Wasserman
et al. [10] software testing is usually performed for the
following purposes: (1) to improve quality, (2) for verification
and validation, and (3) for reliability estimation. Testing can
also serve as a statistical sampling method to gain failure data
[11]. For mobile devices is insufficient to merely test an
Android application on an emulator; it must be tested across
many different Android devices running on different versions
of the operating system over various telecom networks. Using
different tools, Figurel summarizes techniques and paradigms
for mobile application testing.

Maobile Application Testing

7N

Manual Cloud Paradigms of Automation Testing
Testing Testin / J l \\‘
i Pattern
Model Based Random Model Mutation N
Testing Learning Testing asel
Testing Testing Testing

Fig. 1. Mobile Application testing techniques and paradigms.

Manual testing, i.e. using mobile emulators and simulators
that can help developers to test their Apps on different devices
without the need to actually have them on hand [12]. Cloud
based testing strategy enables a distributed, cost effective way
of testing mobile applications on a multitude of devices [13].
Testing as a Service(TaaS) is also sometimes known as on-
demand testing: is most suitable for specialized testing efforts
that don’t require a lot of in depth knowledge of the design or
the system. Services that are well-suited for the TaaS model
includes automated regression testing, performance testing,
security testing [14]. Today a relevant family of techniques

and tools for automated testing of mobile Apps focus on their
GUI to find bugs. They were recently classified into Random
testing, Model-based testing, and Model-learning testing
techniques [15]. Random testing, the testing engineers
generally use two approaches to automate their time
consuming work. The first one is the capture and replay tool
with which the testers can automatically record test scripts by
manipulating the mobile application under test. Then the
testers can replay the recorded test scripts repeatedly
afterwards. The problem with record-replay technique is that
the quality of the generated test scripts depends on the testers’
familiarity and understanding of the application under test,
which can fluctuate greatly across different testers and
applications [16]. Model-based testing approaches are often
applied to testing graphical user interfaces a set of techniques
and tools to automate the creation of test cases based on a
model of a system. The model typically is a UML
representation or a finite state machine. And it is a description
of a system (or part of it) that helps to understand and predict
its behaviour [17]. D. Amalfitano et al. [15] presented new
contributions were they realized a conceptual framework
called MobiGUITAR for automated mobile App testing. It’s a
new fully automatic technique to test GUI-based Android
Apps. It is based on the observation, extraction, and
abstraction of the run-time state of GUI widgets. The
abstraction is used to create a scalable state-machine model
that, together with event-based test coverage criteria provide a
way to automatically generate test cases. Model learning
testing, where Choi et al. [18] proposed an automated
technique, called Swift Hand, for generating sequences of test
inputs for Android Apps. The technique uses machine learning
to learn a model of the App during testing, uses the learned
model to generate user inputs that visit unexplored states of
the App, and uses the execution of the App on the generated
inputs to refine the model. Pattern based (GUI) for mobile
testing, where Pedro Costa et al. [19] apply a new
methodology named Pattern-Based GUI Testing (PBGT) they
started by fault seeding mutants into an open-source Android
application named Tomdroid, this methodology intends to test
mobile applications based on models built upon User Interface
Test Patterns (UITPs) that were originally applied to test web
applications. It is all about reusability and the models could be
used to test different applications in different OSs. It’s an
approach based on mutation analysis. But what is a mutation
analysis? Mutation Analysis it is a structural testing method
aimed at assessing/improving the adequacy of test suites, and
estimating the number of faults present in systems under test
[20].

B. Evolution of Mobile Apps

The Research Institute in Software Evolution (RISE) [21]
defined software evolution as: « The set of activities, both
technical and managerial, that ensures that software continues
to meet organizational and business objectives in a cost
effective way ».

M.Lehman and J.Ramil (2000) [2] defined it as: all
programming activity that is intended to generate a new
software version from an earlier operational version [22].
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Ned Chapin et al. [23] defined software evolution as: the
application of software maintenance activities and processes
that generate a new operational software version with a
changed customer-experienced functionality or properties
from a prior operational version together with the associated
quality assurance activities and processes, and with the
management of the activities and processes [2]. But what
makes mobile application evolution different ? In many
aspects, developing mobile applications is similar to other
software systems. Common issues include integration with
device hardware, as well as traditional issues of security,
performance, reliability, and storage limitations. However,
mobile applications present some additional requirements that
are less commonly found with traditional software
applications. Including the potential interactions with other
applications because most embedded devices only have
factory-installed software, but mobile devices may have
numerous applications from varied sources, with the
possibility of interactions among them. Second reason is
sensor handling, most modern mobile devices, e.g., «smart
phones», include an accelerometer that answers to device
movement, a touch screen that answers to numerous gestures,
along with real and/or virtual keyboards, a global positioning
system, a second reason is families of hardware and software
platforms, most embedded devices execute code that is
custom-built for the properties of that device, but mobile
devices may have to support applications that were written for
all of the varied devices supporting the operating system, and
the different versions of the operating system. An Android
developer, for example, must decide whether to build a single
application or multiple versions to run on the broad range of
Android devices and operating system releases [24]. Final
reason is Security: most embedded devices are «closed», in
the sense that there is no straightforward way to attack the
embedded software and affect its operation, but mobile
platforms are open, allowing the installation of new
«malware» applications that can affect the overall operation of
the device, including the surreptitious transmission of local
data by such an application. In addition to User interfaces with
a custom-built embedded application, the developer can
control all aspects of the user experience.

Elizabeth Phillips [16] described mobile App’s evolution
as an incremental dramatic change and development, it
focuses nowadays on their design for example: before many
Apps utilized a simple list or icon system to display features.
Now, Apps are able to incorporate high quality photos and
mobility throughout the App. Instead of just scrolling from top
to bottom or clicking on one-destination icons. The Facebook
App incorporates a more interactive user experience with a
«swipe-over menu to the side for accessing the profile, News
Feed, events,... etc. instead of that home screen grid» [25].
API evolution, API is an abbreviation of application program
interface, is a set of routines, protocols, and tools for building
software applications. The APl specifies how software
components should interact and are used when programming
graphical user interface (GUI) components [26]. The transition
of API level is considered as an evolution. Another kind of
mobile Apps evolution is LTE evolution Long term evolution,
it is in services provided by mobile Apps [27] besides to
Requirement evolution, for example, in 2002, a powerful

smart phone BlackBerry released by RIM which increased the
requirement of applications [28]. Furthermore, Ecosystem
evolution where the application evolve according to changes
in its surrounding environment Figure 2 shows the ecosystem
of mobile devices [29].

| Serwvices |

| Applications |

| Application Framework |

| Operating Systems |

Platforms

Dewices

Metworks

| Agregators |

Operators

Fig. 2. The Mobile ecosystem. Figure reproduced from [29].

C. Evolution of test cases

Test repair can be an expensive activity, automating it,
even if only partially could save a considerable amount of
resources during maintenance and this is the motivation
behind the development of automated test-repair techniques
[30], such as the ones targeted at unit test cases [31, 32] and
those focused on GUI [33,34] or system test cases For
example a change in the GUI may render some of the test
cases useless, In practice, since a large number of the original
test cases cannot be reused, GUI regression testing requires
redeveloping new test cases from scratch, Memon and Soffa
[33] presented a repair technique that constructs models of the
original and modified GUI components, Some test cases can
be corrected by means of automatic refactoring techniques that
can prevent simple errors by automating some refactoring
activities like moving or renaming methods unfortunately,
common refactoring practices like adding new parameters to
methods [35] are only partially automated by existing tools
and techniques. For example, ReBa [36] and the Eclipse IDE
[37] can fix compilation errors caused by parameter changes,
but only when the modified parameters can be replaced by
default values. M. Mirzaaghaei et al. [30] presented a repair
technique for fixing JUnit test cases that are broken because of
changes in method signatures, that is, addition, deletion, or
modification of parameters. It is a right step in the direction of
developing more widely applicable automated repairs,
however, the effectiveness of the technique is still limited, and
the development of more sophisticated approaches is required.
In particular, the technique attempts to fix a broken method
call by adding, deleting, and modifying parameters, but it does
not synthesize new method calls. In 2014 Mirzaaghaei et al.
[32] focus on the problem of updating test suites automatically
and they present a framework named: TCA Test Care
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Assistant that implements eight algorithms to support the
evolution of test suites written in Java. It takes as inputs
original software, modified software, test cases of the original
software and displays the output, which is test cases for the
modified software. It is a first step towards the definition of
techniques that take advantage of existing test cases to repair
broken test cases or generate new ones; they worked on the
code of the software not on the GUI [34]. One of the main
reasons for test suite evolution is test obsolescence: test cases
cease to work because of changes in the code and must be
suitably repaired. There are several reasons why it is important
to achieve a thorough understanding of how test cases evolve
in practice. In particular, researchers who investigate
automated test, repair an increasingly active research area can
use such understanding to develop more effective repair
techniques that can be successfully applied in real world
scenarios. More generally, analysing test suite evolution can
help testers better understand how test cases are modified
during maintenance and improve the test evolution process. To
tackle this problem, Leandro Sales et al. [37] developed
TestEvol. A tool that enables the systematic study of test-suite
evolution for Java programs and JUnit test cases.

Mobile Applications Developers, with large freedom
given to them, focus on satisfying market requirements and on
pleasing consumer’s desires. They are forced to be creative
and productive in a short period of time. As a result, billions
of powerful mobile applications are displayed every day.
Therefore, every mobile application needs to continually
change and make an incremental evolution from its creation
until its expiration stage in order to survive and preserve its
ranking among the top applications in the market. Mobile
Apps Testers hold a heavy responsibility on their shoulders,
the intrinsic nature of agile, swift change of mobile Apps
pushes them to be meticulous, to be aware that things can be
different at any time, and to be prepared for unpredicted
crashes. Therefore, starting the generation or the creation of
test cases from scratch is a tedious and error prone operation.
The next section represents a new approach for repairing
broken tests during mobile application evolution.

I1l. PROPOSED APPROACH

To ease the adaptation process of test cases in mobile
applications, there needs to be a solid protocol between
developers and testers involved before and after deployment
stages of a mobile application this is in order to capture the set
of changes that might even be quicker. TCA [32], TESTEVOL
[37], ReAssert [38] have been reported to be useful for
studying test suite evolution and repairing broken test cases,
However, such tools are proprietary and therefore cannot be
extended to repair test cases in all testing levels, for example
for Integration testing, Component interface testing or System
testing, in addition to the fact that those tools are used only for
repairing broken Unit Tests for software evolution generally.
In this research study, we propose a model driven approach for
test cases evolution that can be used for repairing broken test

cases for Android mobile applications starting by analysing
the evolution of mobile Apps and therefore the possibility of
automating the process of repairing old test cases and generate
new version then verify if the latter covers the new evolved
mobile App. An overview of the proposed approach is being
illustrated in Figure 3. Initially an original version of a mobile
App changes by adding new functions, or editing its design or
its API level, in order to adapt to the requirements of the end
user, or market trends, or within its ecosystem. The models
based mobile Apps contain all essential components of a
native Android mobile App, which is serialized to an XMl file
complying with a pre-defined Java MoDisco meta model and
XML MoDisco meta model [39].

It is worth noting that the MOF is using the XMI
specification (standing for XML Metadata Interchange). Our
process analysis the differences by taking the two «ecore »
models the ancient and the new one and makes a comparison
between them using EMF compare. The two models are
considered as inputs of the framework (EMF compare) that
generates an evolution model; Figure 4 shows the architecture
of the framework [40].

{ Evolution model 1...N }

Mobile App
version-1-

Evolution Mobile Agp

versi

New Functions
Design
API

To be adapted TestSuite

version-2-

TestSuite

version-1-

Fig. 3. Overview of the Model-driven Process for test cases evolution.

After that, from this given starting point EMF compare
makes a model resolving, which means finding all other
fragments required for the comparison of the whole logical
model. For example, to compare two XML models
(XML1.XMI) and (XML2.XMI) they are not a standalone
model, but generally they are loaded as embedded within their
XML meta-model. XMI that it must be present during the
comparison process [40], [41].

The work flow of the global process of the proposed
approach is being illustrated in Figure 5, where the result of a
graphical  comparison  between  mobile  application
version1(XMI modell) and mobile application version2 (XMl
model2) using EMF compare is an XMI model containing
equivalences and differences. Generating test cases from the
original mobile application, using the comparison results of
EMF compare as inputs, in order to obtain the list of deleted
test cases that concern a deleted element from version 1 to
version 2, kept test cases which are the common test cases
between two versions, and the adapted test cases which are the
most important, because by adapting them a new test cases
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that covers the new version of a mobile application will be
generated automatically as an XMI model.

Logical ,
g model 1 i S

3
Version -1- > \
\' ; \ .~
P - \ o
Version -2-
¥ " T
- b /
*‘ s
i
/
'

Equivalences

Refined I Requirements
Comparison
model

Conflicts

Fig. 4. Architecture of EMF Compare framework used for the
comparison process. Figure reproduced from [40].

Then it can be transformed from XMI model to Java code,
or Java script test suite. this depends on our purpose either we
want to make a black box testing or a white box testing.

The main three processes in Figure 5 are: Compare,
analyze, Adaptation where the control flow of operations and
order of execution of those operations is defined, however,
data flow defines data stream i.e. where the data come from
(data sources).

—» Control flow

----- Data flow
Mobile App.
version-1-

Fig. 5. High-level design of model driven approach for test cases
evolution.

IV. CASE STUDY

A. Android native mobile application

Native Apps are installed through an application store
(such as Google Play or Apple’s App Store) on the device and
are accessed through the icons on the device home screen.

They are developed specifically for one platform, and can take
full advantage of all the device features, they can use the
camera, the GPS, the accelerometer, the compass, the list of
contacts, and so on [6]. Native Apps can use the device’s
notification system and can work offline. Figure 6 represents
HandicApp application which is a native open source Android
application, its main objective is, it allows to easily interact by
voice with the interviewer. Transcribing words, HandicApp
listen and when the interviewer finished, it displays what has
been pronounced. HandicApp can also vocally synthesize a
written text on the smart phone. Available in French and
English (as the default language of the phone). This is done
through voice. It is available free at the Play Store from
Android 2.3.3 for smart phones and tablets [42].

w R - BN .
Fig. 6. HandicApp native Android mobile application. Figure
reproduced from [42].

B. Manual Testing

For manual testing, we have used the eclipse emulators
using AVD manager, but we have found many disadvantages,
for example, no support for placing or receiving actual phone
calls, no support for USB connections, no support for camera
/video capture, no support for determining battery charge level
and AC charging state, no support for Bluetooth, Sometimes
lower versions will not support completely, no support for
orientation testing [43] Figure 7 represents Android Acer
smart phone version 4.2.2 and Google tablet that we have used
in our experimentation study.

= 3 T . )
T - - i

Fig. 7. Smart devices using in the manual testing of Android mobile
App.

C. Automation testing Using Monkey Talk

Monkey Talk is enabling teams all over the world to
achieve five star mobile app quality at agile speed [44]. Its
advantage is the robust cross i.e. platform Recording /Play
back, also the use of the simple Monkey Talk command
language or powerful JavaScript , run the tests interactively or
from continuous integration environments, and it is free and
open source tool [45].

D. Evolution of HandicApp Application

In HandicApp application, we have started by proposing
that the developer makes minor syntactic changes on the
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Fig. 10.

interface of the application Figure 8 shows that. For example
modify a button’s content, Text to speech to write to hear,
and the button Listen to Listening, After using monkey talk,
we have generated two different Java script test cases Figure
9 (left side) represents JavaScript test cases that cover the
original version and Figure 9 (right side) represents
JavaScript test cases that cover the modified version, Figure
10 (left side) shows the results of execution of the first test
cases on the first version, Figure 10 (right side) shows the
results of execution of test cases on the second version, we
always get positive results, however. The execution of the
first test suite on the second version causes run time errors
and that’s what we call it broken tests that require a solid test
repair technique as it shows Figure 11.

First\Yersion SecondVersion

Fig. 8. Syntactic minor changes during HandicApp Application
evolution.

load("libs/Handicapp.js"); load("libs/Handicapp.js");

Handicapp.FirstTest. prototype.run = function() { Handicapp.SecondTest.prototype.run = function() {
en

* @type MT.Application /e

*/ = @type MT.Application

varapp = this.app; */

var app = this.app;

app.textArea("Textto
app.textArea("Text
app.button(“Listen”).tap();
app.image|"Speech recognition"). tap();
app.device().back();

ch").tapl);
ch ").enterText{"Hella");

o hear").enterText{"Hello");
app.button(" Listening").tap();
app.image("Speech recognition”).tap{);
app.device().back();

FirstTest.js SecondTest.js

Fig. 9. Java Script test cases generated using Monkey talk.

In Figure 12, from a visual comparison between test cases
FirstTest.js represented in Figure 9 that concerns original
version and test cases (Third Test. js) that concerns third
version of HandicApp application without listen button. We
can see that there are deleted test cases. But, how can we
adapt the first test cases to cover the third version of
HandicApp application ?

10:32:35.482: Android agent(2.0.10_4 - 2014-
1243 17:07:55 EST)

10:32:35.492: Connection type set to: Android
Emulator or Tethered Device

10:32:35.682: Android agent (2.0.10_4 - 2014-
1243 17:07:55 EST)

10:32:35.692: Connection type set to: Android
Emulator or Tethered Device

10:33:02.901: Started Script Playback
10:33:02.901: TextArea "Text to speech” tap
10:33:03.767: TextArea "Text to speech” tap
40:33:04.311: TextArea "Text to speech” tap
40:33:04.907: TextArea "Text to speech”
enterText "Hello World"

10:33:05.502: Button Listen tap
10:33:06.043: Image " Speech recognition
button" tap

10:33:06.566: Device * back

10:33:07.212: Conpleted Script Playback - OK

10:47:10.744: Started Script Playback
10:47:10.750: TextArea "write to hear" tap
10:47:11.332: TextArea "write to hear"
enterText "hello world"

10:47:11.878: TextArea "write to hear" tap
10:47:12.437: TextArea "write to hear"
enterText "Hello world"

10:47:12.956: TextArea "write to hear” tap
10:47:14.522: TextArea "write to hear"
enterText "Hello World"

10:47:15,038: Button Listening tap
10:47:16.689:

Positive results of the execution of the first test cases on
the first version and second test cases on the second version .

10:39:26.5491: Started Script Playback
10:39:26. 5448 ButtonSelector "textto speech™
enterText hello

10:39:29.626: FAILURE: Unable to find
ButtonSelectontext to speech)

10239:29.681: Completed ScriptPlayback -
FAILURE Unable tofind ButtonSelectonftesxt
to speech)

Fig.11. Negative result of the execution of first test cases on the
second version of HandicApp Application.

load|{"libs/Handicapp.js"};

Handicapp. ThirdTest.prototype.run = function() {

* @type MT.Application
*

varapp = this.app;

*)-tap();
enterText("Hello");

app.device().back(];

ST Started Serpt
TESESIETE: Totares “Tatto wpowca” tap
IS Tadama T to spwch” sntaTet “Heto

LSRN Compites Serpt Payoack - OK

ThirdTest.js

Fig. 12. HandicApp application without listening button.

E. Beginning of the implementation of a framework to adapt
model application’s tests

e Analysing the evolution ( calling EMF Compare
Graphically /Programmatically)

In order to analyze the evolution of different applications
we have tried to use EMF compare graphically, but first we
have made a reverse engineering from Java to XMI models
using MoDisco, a framework in Eclipse added by Eclipse
Marketplace. Calling EMF compare graphically or
programmatically requires a meta-model of a mobile
application. We have focused on Java and layout packages, i.e.
rec and source components that require a Java Meta model and
XML Meta model as it is shown successively in Figures 13
and 14.

&) MobApps.ecore 52
 |#) platform:/resource/CirclesToSquarts/MobApps.ecore
- @ java

[=] -> BodyD.

E AbstractMethodInvocation -> ASTNode

[ AbstractTypeDeclaration -> BodyDeclaration, Type
AbstractTypeQualifis —
AbstractVariablesContainer -> ASTNode
Annotation -> Expression

Archive -> NamedElement

AssertStatement -> Statement
ASTNode

uePair ->
AnnotationTypeDeclaration -> AbstractTypeDeclaration
ionTyp -> BodyD.

AnonymousClassDeclaration -> ASTNode
ArrayAccess -> Expression
ArrayCreation -> Expression
ArrayInitializer -> Expression
ArrayLengthAccess -> Expression
ArrayType -> Type

Assignment -> Expression
AssignmentKind

BodyDeclaration -> NamedElement
BooleanlLiteral -> Expression
BlockComment -> Comment
Block -> Statement
BreakStatement -> Statement
CastExpression -> Expression
CatchClause -> Statement
CharacterLiteral -> Expression
ClassFile -> NamedElement

reation -> Exp

0 (0 (0 (0 I (20 {0 (0 (0} (I X . (0 (0 (0 0 (20 (0 (0 (0 (I (20 (X0 (0 (0 00 (00 0

ConstructorD -

Fig. 13. Portion of Java Meta-model.
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[ Attribute |

[ 1 [ ] B 1 E 1
L ] L 1 [ ] [ 1

i .,

[ | [ww ''''''' W}[ oara |

[ comment | [ Tex |

ProcessingInstruction

Fig. 14. XML Meta-model.

First, we have started by making a reverse engineering of
res files (strings.xml to strings.xmi and strigns2.xml to
strings2.xmi) and we have used EMF compare graphically.

In the example of changing the content of a button listen
to Listening as shows Figure 14, text to speech to Write to
hear, text Restart to Text Repeat, text speech recognition
button to speech recognition. We have saved these results in a
comparison xmi model, the format of this model is not useful.
For the example of deleting a button listen besides the XML
files we should do a reverse engineering of source files, i.e.
Java classes (HandicApp-java.java and HandicAppdeletejava.
Java) to (HandicApp-java.xmi and HandicAppdelete.xmi)
graphically always and we get those differences, here the
delete operation affects the two folders rec and src because
any method calls this button will be deleted. As a result EMF
compare displays 548 differences between the two Java.xmi
models, it is a little strange for one deleted button.

Lo - EMFCompare JMUmo

s Modeldifferences (5 over § dfferencesstillto be merged —  Gffvences filtered from view)

48 Tet Repeat

>
40 Tet Tetto speech
48 Tedt write to hear

48 Model Compare (Containment Festures) ¥

EMFCompare_XMU/model/strings ymlami EMFCompare XMImodel/stings2 emlmi

4 4 Root resources 4 4 Roat resources
4 Element sting 4 Elementstring
4 Element string 4 Element string
4 Element sing 4 Element sting
4 4 Element string 4 4 Element string
4 Attribute name. & Attribute name

N

e — [
4 Ted Tex te speech

Fig. 15. The change of the content of a button from Text to speech
to write to hear.

The investigations have proved that in graphical
comparison EMF compare makes an error which is taking the
order of elements into consideration when doing comparisons
and MoDisco when makes a reverse engineering changes the
order. By this strategy for the same version we can find many
obsolete, useless differences. Because of many problems in
EMF compare graphical comparison, we have decided to use
the programmatically comparison concept of this Framework.

Here the developer is the leader and he controls the whole
comparison process. This after using EMF Generator Model
Figure 16 shows the generation of MobApps.genmodel file
based on the MobApps. Ecore Meta-model. And the generated
code will consist of the following components:

mobapps model : represents interfaces and the factory to
create the Java classes.

mobapps.impl model: represents concrete implementation
of the interfaces defined in model.

mobapps.util model: represents the AdapterFactory [46].

a = EMFCompare Mobfpps
- 5B osrc
= 3 (default package)
. I Comparejava
- E3 mobapps
. H} mobapps.impl
. H3} mobapps.util
=3 JRE Systern Libramy [lawvaSE-1.8]
=# Plug-in Dependencies
- e Referenced Libraries
= META-IMF
= metamodel
] Mobfpps.ecore
|tgs] MobApps.genmodel
model
build.properties
plugin.properties
plugin.aml

oI

Fig. 16. The generation of Java code based on the .genmodel files.

V. CONCLUSION

The main goal of this research study was to support
reasoning about mobile application evolution; In order to
reason about the adaptation of original test cases, mobile
Apps testers require evolutionary information about systems
evolution i.e. different commits made by developers before
and after deployment stage. One way to acquire that
information is by analyzing the artifacts stored in the
repository of change management systems such as: Git,
GitHub, SVN, ... etc. Test repair can be an expensive activity,
automating it, even if only partially could save a considerable
amount of resources during maintenance and this is the
motivation behind the development of automated test-repair
techniques[30]. In this paper we have talked about the
evolution of mobile Apps, their testing and we have tackled
the phenomenon of adaptation of their test cases during their
evolution which has become a serious problem for both
research and industry by proposing a new approach based on
model driven engineering. As perspectives of this work, we
plan to continue the implementation of the rest of the
framework to adapt model application’s tests, generalizing the
approach and taking into consideration semantic changes that
can involve several syntactic changes, apply it on other types
of mobile Apps such as web or hybrid Apps, and other
operating systems such as iOS, windows phone.
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Resumé —

Le probléme de I’alignement des ontologies est bien connu
depuis une dizaine d’années. Il existe plusieurs travaux qui
s’intéressent a ce contexte. Dans le contexte du web sémantique,
Pinteropérabilité ~ sémantique basée sur les ontologies, est
devenue un chalenge important. Dans ce travail, nous nous
intéressons au probléme de I’alignement des ontologies multi-
points de vue (MPV) dans le but de partager les connaissances
sémantiques et réutiliser ces ontologies qui  restent
indépendantes.

Cet article présente un systéme qui détecte les relations
sémantiques entre deux ontologies multi-points de vue (MPV) en
supposant que notre ontologie se compose d’un ensemble
d’ontologies classiques (une ontologie globale c’est I’ensemble
des concepts et rdles globaux et des ontologies locales ce sont
I’ensemble des descriptions locale pour chaque point de vue).
Notre systéme repose sur I’enchainement de trois étapes qui sont
I’alignement global, I’alignement local et I’alignement des
passerelles.

Mots clés— ontologies multi-points de vue ; alignement ;
correspondances sémantique.

I.  INTRODUCTION

En général, les organisations vivent dans un
environnement dynamique et hétérogene. Ceci rend la
construction et ’exploitation des ontologies au sein d’une
organisation difficile a réaliser. En plus de la difficulté de
trouver des définitions adéquates des concepts d’un domaine.
Ces définitions sont relatives a chaque utilisateur, traduisant
son point de vue sur le domaine. La difficulté de construction
des ontologies est aussi liée a I’existence de plusieurs
communautés d’utilisation qui peuvent s’intéresser au méme
domaine mais avec des points de vue différents.

Afin de remédier a [Iinsuffisance des ontologies
classiques, ces derniéres années, les ontologies multi-points
de vue (MPV) ont été développées dans les communautés de
I’ingénierie des connaissances. Le développement de ce type
d’ontologies représente un  grand intérét suscitant de
nombreux travaux dans le domaine de Web sémantique [1]
[2].

Deux ontologies multi-points de vue possédent chacune
une description globale et une description locale. La
description globale est composée d’un ensemble de concepts
globaux qui sont des concepts vus par ’ensemble des points

Zizette Boufaida

Laboratoire LIRE université de
Constantine 2- Abdehamid Mehri
Constantine 2500, algerie
zboufaida@gmail.com

de vue avec certaines propriétés communes, un ensemble
d’associations entre les ¢léments de différents points de vue
appelé réles globaux et une hiérarchie globale qui organise les
concepts globaux entre eux. Une description locale composée
d’un ensemble de concepts locaux qui sont des concepts vue
localement selon un point de vue donné, un ensemble de réles
locaux qui sont des relations entre les concepts locaux dans un
méme point de vue. Une hiérarchie locale lie I’ensemble des
concepts locaux entre eux.

En plus des descriptions globales et locales, les ontologies
multi-points de wvue sont composées dun ensemble de
passerelles et d’individus. Le premier ensemble représente un
canal de communication entre les points de vue et le deuxiéme
relie une instance d’un concept global ou plusieurs concepts
locaux définis dans un ou plusieurs points de vue différents.
Aligner les deux ontologies multi-points de vue, consiste a
trouver des correspondances entre les concepts et les rbles
globaux et aussi entre les concepts et les roles locaux et entre
les individus et les passerelles. L’alignement des ontologies
multi-points de vue permet aussi d’associer un concept ou role
global & un autre local ou un individu a un concept global ou
local. Ces alignements peuvent représenter  des
correspondances entre des concepts ou roles primitifs mais
également des correspondances entre des concepts définis
[2] .La problématique générale est de contribuer au probléme
d’alignement des ontologies multi-points de vue dans une
organisation hétérogene.

Cet article est organisé comme suit, la section 2 propose la
notion d’ontologies multi-points de vue. La section 3 elle
présente tout d’abord la notion d’alignement des ontologies
multi-points de vue. Nous attachons & donner un apercu de
quelques travaux proposant des méthodes d’alignement des
ontologies multiples points de vue.

La section 4 constitue le cceur de la contribution, a savoir
la proposition d’un algorithme qui détecte les relations
sémantiques  entre deux ontologies multi-points de vue
(MPV). Pour illustrer notre approche, une étude de cas sera
présentée pour le domaine de la médecine. La section 5
présente une étude de cas adéquate pour notre approche
proposée. L’article se termine par une conclusion.
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Il. LESONTOLOGIES MULTI-POINTS DE VUE (MPV)

[2] stipulent qu’« Une ontologie multi-points de Vue
(MPV), confere @ un méme univers de discours, plusieurs
descriptions partielles telles que chacune soit relative a un
point de vue. De plus, les différentes descriptions partielles
partagent a un niveau global des éléments ontologiques
consensuels et des passerelles. Ces derniéres établissent les
communications entre les points de vue et représentent ainsi la
collaboration interdisciplinaire ».

I11. DEFINITION DES ALIGNEMENTS DES ONTOLOGIES MULTI-
POINTS DE VUE (MPV)

Dans [3] ils ont définit un alignement multi-points de vue

(MPV) comme suit: «Etant donné Opp, et O’pp, deux
ontologies multi-points de vue qui décrites en logique de
description possédent chacune une signature, 1’alignement
entre ces deux ontologie multi-points de vue : est I’ensemble
de correspondances multi point de vue entre des paires
d’élément de deux signatures ».
Une correspondance multi-points de vue (MPV) est un triple
(Empv> E’mpvs R) tel que : Empy,  E’mpysont des éléments  des
ontologies multi-points de vue (MPV) tel que Enp €Smpy 6t
E’mpv €S’mpyR  est la relation qui relie ces deux éléments tel
que : Empy, Empy SNt liées par la relation R.

Les  correspondances multi-points de wvue (MPV)
permettent d’associer :

A. Systemes d’alignement des ontologies multi-points de
vue (MPV)

Jusqu’a présent il n’existe pas des systémes d’alignement
complets pour I’alignement des ontologies multi-points de vue
mais il y’a un formalisme pour I’alignement des ontologies
multi-points de vue (MPV) basé sur I’extension de la logique
de description est proposé par [3]. Elle a défini aussi en 2009
une approche d’alignement entre une ontologie multi-points
de vue (MPV) et une ontologie classique.

1)  Une approche d’alignement entre une ontologie
multi-points de vue (MPV) et une ontologie
classique

Dans [5] ils ont présenté une méthode d’alignement entre
une ontologie classique et une ontologie multi-points de
vue(MPV). Cette méthode se compose de trois phases : La
phase de pré-alignement. Cette phase permet d’identifier les
formats des ontologies en entrée, les adapter et de les
transformer en structures de graphes. La phase de processus
d’alignement, ce processus combine les techniques et les
méthodes d’appariement syntaxiques selon les différents
points de vue. La phase de post alignement dans cette phase,
I’optimisation de I’appariement est effectuée par une
technique de méta -heuristique de colonies de fourmis.

2)  Un formalisme pour [’alignement des ontologies
multi-points de vue (MPV) basé sur une
extension de la logique de description

[3] ont définit un formalisme pour I’alignement des
ontologie multi-points de vue (MPV) basé sur une extension
de la logique de description qui permet essentiellement de
définir d’une maniére claire la sémantique de la logique de
description qui est rendue par le mécanisme d’estampillage.
La sémantique permet de donner les interprétations de la
signature de cette logique et de déterminer les contraintes
sémantiques de chaque élément de la signature multi-points de
vue.

[3] a aussi proposé un processus d’auto-alignement qui
integre les différentes correspondances entre les éléments
multipoints de vue de deux ontologies, et les passerelles entre
points de vue d’une méme ontologie. Le processus proposé est
basé sur la notion de composition d’alignements pour déduire
de nouvelles correspondances simples et d’autres complexes
entre les ontologies multi-points de vue(MPV) déja alignées.

Nous avons présenté les différents aspects du domaine
d’alignement. Nous avons tout d’abord commencé par la
définition de ’alignement des ontologies multi-points de vue,
Il ressort de ce qui precede, que de nombreuses méthodes
d’alignement sont basées sur des combinaisons de mesures de
similarité. Par conséquent, elles permettent de détecter
seulement des relations entre des ontologies classiques qui ne
prennent pas en compte la notion de multiples points de vue.
De ce fait, nous proposerons par la suite un systéme qui
détecte les relations sémantiques entre les ontologies multi-
points de vue.

IV. APPROCHE PROPOSEE:

Notre objectif est de proposer une méthode de détection
des relations sémantiques en prenant en compte la notion de
points de vue. L’originalité de notre approche réside dans le
fait d’aligner deux ontologies multi-points de vue. Donc
Iobjectif est de mettre en correspondances ces deux
ontologies multi-points de wvue comprend chacune un
ensemble d’ontologies globale et locales. On consideére qu’une
ontologie multi-points de vue (MPV) se compose d’une
représentation globale qui contient des concepts et des rbles
globaux. Des représentations locales qui contiennent des
concepts et les roles locaux. Pour définir une ontologie multi-
point de vue (MPV) on définit : Une ontologie globale qui
correspond a la description globale et des ontologies locales
qui correspondent aux descriptions locales.Dans notre
approche, ces ontologies (locales, globales) sont considérées
comme étant des ontologies classiques.

Ce systéme génére une ontologie générique des relations
sémantiques entre les entités. Nous allons utiliser le
formalisme des graphes étiquetés pour représenter les cas
d’une maniécre précise, lisible et utilisable par un ordinateur.
L’ontologie d’alignement sera transformée sous forme de
graphe étiqueté. Ce graphe permet de représenter toutes les
informations contenues dans 1’ontologie d’alignement ou la
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base de cas (point de vue, concepts, roles ou individu) et
aussi les autres informations pour les correspondances
sémantiques. Les noeuds de ce graphe représentent les types
suivants : les concepts globaux, concepts locaux, roles
globaux, réles locaux, individus. Les arcs qui existent dans ce
graphe représentent les relations sémantiques qui existent
entre les concepts, les roles et les individus. Pour
L’étiquetage du graphe : nous nous inspirons de I’idée
proposée dans [5] pour étiqueter les noeuds et les arcs de ce
graphe sont étiquetés par un préfixe PVi qui indique le nom de
point de vue et le type de ce nceud (concept local, concept
global ou individu). Chaque arc qui reliec deux nceuds est
étiqueté par le nom de la relation qui est I'un des cas: =,
oD, l.

L’approche se compose de trois phases successives :
I’alignement global, I’alignement local et la phase
d’alignement des passerelles.

A. L’alignement global

Dans cette étape nous mesurons la similarité entre les
concepts globaux. Le processus d’alignement global se
déroulera en deux étapes, il consiste a : calculer la similarité
entre tous les éléments de deux graphes (concepts), pour
chaque couple de nceuds, nous calculerons d’abord la
similarité terminologique, ensuite la similarité des graphes
(similarité entre les hiérarchies).

1) Lasimilarité terminologique

Le but de cette étape, est de calculer la similarité entre les
différentes entités des hiérarchies globales (concepts), cette
mesure peut étre effectuée une ou plusieurs fois pour chaque
nceud du graphe de ’ontologie, mais elle est effectuée une
seule fois pour chaque couple de nceuds durant le processus
d’alignement globale. Le calcul de similarité est effectué pour
les couples de nceuds de type (concept global, concept global),
la similarité est calculée en extrayant le chemin racine
possédant le nceud en question et la racine globale, puis nous
calculons la distance entre les deux nceuds en utilisant la
mesure de Wu et Palmer [6], choisie en raison de sa simplicité
d’implémentation. Le résultat matrice de similarité
terminologique. cette mesure est définie par la formule
suivante :

2.depth(C)
depth(C1) + depth(CZ)

sim WP(C1,.€2) =

Elle est basée sur le principe suivant : Etant donnée une
hiérarchie globale formée par un ensemble de nceuds et un
neeud racine R. Soit C1 et C2 deux éléments de 1’ontologie
dont nous vont calculer la similarité. Le principe de calcul de
similarité est basé sur les distances (depth(cl)et depth (c2))
qui séparent les nceuds C1 et C2 du neeud racine et la distance

qui sépare le concept subsumant (CS) de C1 et de C2 du nceud
racine. (Fig. 1).

Algorithme calcul-similarité-terminologique-globale

Donnees :

D1 et D2 : deux descriptions globales.

Mat_Simemgion : Matrice de similarité terminologique
globale initialisée a 0.

Résultat Mat_SiMermgiob matrice de similarité
terminologique.
Début
Pour chaque concept global C1 appartient a D1 faire
Début

Pour chaque concept global C2 appartient a D2
faire
Début
SIMtermglob = similarité wp(C1, C2);
Mat_Simtermglob = Mat_Simtermglob +
Simtermglob(C1, C2);
Fin;
Fin;
Return Mat_Simtermglob ;

Fin.

Fig. 1. L’algorithme qui calcule la similarité terminologique.

Cet algorithme prend en entré deux descriptions globales et
génére une matrice de similarité globale et il calcule pour
chaque couple de concepts globale la similarité
terminologique entre ces deux concepts en se basent sur la
formule proposé dans [6].

2) La similarité des graphes

Elle est calculée en exploitant la matrice de similarité
terminologique ainsi que la hiérarchie des concepts. Dans
notre cas la similarité entre deux graphes est définie comme la
moyenne pondérée des similarités entre les concepts qui les
composent. Les concepts peuvent avoir d’importances
différentes en fonction des applications. Ce degré
d’importance est défini pour chaque concept subsumant de
I’ontologie arbitrairement ou apres une phase d’apprentissage.
Le degré d’importance d’un concept correspond a celui du
concept subsumant dont il est le descendant. Soient :
- G1 et G2 deux hiérarchies de concepts.
- Neeuds (G) I’ensemble des nceuds (i.e. les concepts) du
graphe G.
- Gli et G2j des concepts appartenant respectivement aux
graphes G1 et G2.
- Coef(Gi) la fonction déterminant le degré d’importance d’ un

[tz [oeatricrzy
E CoefiG1,) Max (SimConcepdG1..G1 )

SimGraphed GLGD) =

[RE|

> CoefiG1,)
=1
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concept du graphe G. Supposant dans notre cas que tous les
coefficients égalent & 1 c'est-a-dire tous les concepts ont la
méme importance.

SimConcept(G1i,G2j)est la similarité entre les concepts G1i et
G2j. La similarité entre deux graphes de concepts est définie
ainsi : SimConcept peut étre déterminée par plusieurs mesures

de similarité, comme celle proposée par Wu et Palmer.

Algorithme calcul-similarité-graphe-globale

Données :

D1 et D2 : deux descriptions globales pour deux ontologies
MPV.

Mat_Simemgion: Matrice de similarité terminologique.

Résultat : SIMgrpne: Similarité entre deux graphes.

Début

SIMgraphe :SMlgraph(D]-’ D2);

Return(SIMgapne) ;

Fin.

Simgraph : la similarité entre les hiérarchies globales.
uterm, ugraphe : les poids respectifs des similarités
terminologiques, graphe.
Sortie : Mat_Simglobale : matrice de similarité globale
Mat_Simglobale < 0 ;
Debut
Pour chaque concept global C1 de D1 faire
Debut
Pour chaque concept global C2 de D2 faire
Debut
SIMtermglob =Extraire_Simtermglob (C1, C2);
SIMglob (C1, C2) = pterm*SIMtermglob +
ugraph*SIMgraphglob.
Mat_Simglobale = Mat_Simglobale + SIMglob (C1,
C2);
Fin ;
Fin ;
Return Mat_Simglobale
Fin.

Fig. 2. Algorithme qui calcule la similarité entre les
hiérarchies globales.

La valeur de similarité globale est calculée en employant la
méthode de la somme pondérée des deux valeurs de similarité
partielles (terminologique, similarité des graphes), cette
méthode est employée dans la plupart des applications [7].
Afin de pouvoir contrdler I’importance de chaque composante
sur la valeur agrégée finale. Nous nous attribuons un poids
pour chaque similarité (uterm, pgraphe), les poids sont des
nombres réels non négatifs prédéfinis. Ils sont mis dans une
matrice des poids et sont choisis en satisfaisant que leur
somme soit toujours égale & 1. Cela assure que la mesure
globale est toujours normalisée.

Avec : 0 < puterm< 1 : le poids de similarité terminologique.

0 < ugraphe< 1: le poids de des similarités des graphes.

Et uterm + pgraphe =1.

Nous conclurons la relation sémantique entre les deux termes
comme sulit :

SIMglob (C1, C2) = uterm*SIMtermglob +
ugraphe*SIMgrapheglob

»  Si Simglob=0 alors la relation (C1,C2) = L.

*  Si Simglob>Vminalors la relation (C1,C2) ==.

»  SiSimglob<Vminalors la relation (C1,C2) = =

e Silarelation entre C1 et C2 est I'un des cas {.L, =} le cas
sera rajouté directement dans la base de cas.

e Sinon (la relation est floue) le cas sera déterminé plus
tard durant la phase de composition. Le résultat de cette
phase est une matrice de similarité globale, qui contient
tous les couples d’entités comparées avec une valeur de
similarité comprise entre [0, 1].

Fig. 3. Algorithme qui calcule la similarité globale.

Cet algorithme prend en entré deux descriptions globales , la
matrice de similarité globale et il calcule pour chaque couple
de concepts globale la similarité globale entre ces deux
concepts en se basent sur la somme pondéré entre ces
similarité.

B. L’alignement local

Dans cette étape nous mesurons la similarité entre les
concepts locaux. Le processus d’alignement local se déroulera
en trois étapes, il consiste a : calculer la similarité entre tous
les éléments de deux hiérarchies locales (concepts), pour
chaque couple de nceuds, nous calculerons d’abord la
similarité terminologique, ensuite la similarité des graphes
(similarité entre les hiérarchies) et la similarité entre les point
de vues.
La similarité terminologique et entre les graphes sera faite de
la méme fagon dans 1’étape d’alignement global. (Fig 4), (Fig
5).

Algorithme calcul-similarité-terminologique-locale

Algorithme_Calcul_Similarité_Globale

Entrée :
D1, D2 deux descriptions globales.
Mat_Simtermglob : matrice de similarité terminologique.

Données : D1 et D2 : deux descriptions locales.
Mat_Simmiec : Matrice de similarité terminologique
locale initialisée a 0.
Résultat Mat_Simiermioc
terminologique locale finale.
Début

Pour chaque concept local C1 appartient a D1 faire

Début

Pour chaque concept local C2 appartient a D2

matrice de similarité

faire
Début
SIMtermloc = similarité wp(C1, C2);
Mat_Simtermloc = Mat_Simtermloc +
SIMtermloc (C1, C2);
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Fin ;
Fin;
Return Mat_Simtermloc ;
Fin.

Fig. 1. Algorithme qui calcule la similarité-terminologique
entre les concepts locals.

Algorithme calcul-similarité-graphe-locale

Données :
1) D1 et D2 : deux descriptions locales pour deux
ontologies MPV.
2) Mat_SiMmemioc: matrice de
terminologique locale.
Résultat : SIMgaphe : Similarité entre deux graphes.
Début
SIMgraphe :SMIgraph(D]-- D2) ;
Fin

similarité

Fig. 5. Algorithme qui calcule la similarité-terminologique
entre les hiérarchies locales

La similarité entre les points de vue consiste a représenter
les hiérarchies par des ensembles de vecteurs de termes. La
définition de la similarité entre les deux vecteurs de termes est
obtenue par leurs contenus internes. Parmi les approches
citées dans la littérature on peut utiliser : La mesure de
similarité de Jaccard est définie par le nombre des objets
communs divisé par le nombre total des objets moins le
nombre d’objets communs.

Stmgj=r—

|
]
|
H
I

Dans cette étape on applique le processus précédent sur
chague combinaison de deux descriptions locales appartenant
aux deux ontologies multi-points de vue (MPV). Chaque
ontologie locale de la premiére ontologie multi-point de vue
sera comparée avec toutes les ontologies locales de la
deuxiéme en remplissant la base de cas (Op).Le résultat de
cette étape est une matrice de similarité entre les points de
vue. (Fig 6).

Fig 2. Algorithme qui calcule la similarité entre les
PV.

La valeur de similarité locale est calculée en employant la
méthode de la somme pondérée des trois valeurs de similarité
partielles (terminologique, similarité des graphes, similarité
entre les points de vue). Cela assure que la mesure locale est la
suivante :

SIMloc (C1, C2) = pterm*SIMtermloc +
pgraphe*SIMgrapheloc+ upv*SIMpv

Avec : 0 < uterm< 1 : le poids de similarité terminologique.
0 < pgraphe< 1 : le poids de la similarité des graphes.
0 < upv< 1: le poids de la similarité des point de vues.
Et uterm + pgraphe + ppv =1.
Nous conclurons la relation sémantique entre les deux termes
comme suit :
*  SiSIMloc=0 alors relation (C1, C2) =L.
*  SIMloc>Vmin alors relation (C1, C2) ==.
*  SIMloc<Vmin alors relation (C1, C2) ==.
e Silarelation entre C1 et C2 est I’'un des cas {1, =} le cas
sera rajouté directement dans la base de cas.
e Sinon (la relation est flou=) le cas sera déterminé apres
durant la phase de composition.
Le résultat de cette phase est une matrice de similarité locale,
qui contient tous les couples d’entités comparées avec une
valeur de similarité comprise entre [0, 1].

Algorithme_Calcul_Similarité_locale

Algorithme calcul-similarité-PV

Données :

1) D1,D2 :descriptions locales de deux ontologies MPV
correspond chacune a un vecteur de terme V1, V2
respectivement.

Mat_Simpy :matrice de similarité entre
initialiséea 0.

Résultat : Mat_Sim,,:matrice de similarité entre les points de
VUe.

Début

SIMPV=similarité Jaccard (V1,V2);

Mat_Simpv= Mat_Simpv + SIMpv(Vi,Vj);

Return Mat_Simpv

Fin

les pointsde vue

Entrée :
01, 02 : deux ontologies multi-points de vue (MPV) .
Mat_Simtermloc : matrice de similarité terminologique locale.
Mat_Simgraph : la similarité entre les graphes.
Mat_Simpv : la similarité entre les points de vue.
uterm, ugraphe, uPV : les poids respectifs des similarités
terminologiques, graphe, point de vue.
Sortie : Mat_Simlocale : matrice de similarité locale.
Mat_Simlocale<— 0 ;
Debut
Pour chaque description locale D1 d’O1 faire
Début
Pour chaque description locale D2 d’O2 faire
Début
Pour chaque concept local C1 de D1 faire
Début
Pour chaque concept local C2 de D2 faire
Début
SIMterm =Extraire_Simtermloc(C1, C2),
SIMgraph=Extraire_Simgraphloc (D1, D2),
SIMpv= Extraire_Simpv (D1, D2),
SIMloc (C1, C2) = uterm*Simtermloc +
ugraph*Simgraphloc + ppv*Simpv.
Mat_Simlocale= Mat_Simlocale +
Simloc(C1, C2);
Fin;
Fin;
Fin;
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Fin;
Return Mat_Simlocale.
Fin.

Fig 3.Algorithme qui calcule la similarité locale

C. L’alignement des passerelles

Il existe deux types de passerelles :
I.  Les passerelles unidirectionnelles
Les passerelles unidirectionnellesen logique de
description sont représentés comme suit: PVi: x— c—PVj:y
ce type de passerelles représente une relation de subsomption
(<) alors nous obtiendrons le cas suivant (xcy).

Il.  Les passerelles bidirectionnelles

Deux types de passerelles sont considérer. Représentent
une relation d’égalité(=) ou bien une relation d’exclusion
comme suit :
Une passerelle d’inclusion bidirectionnelle : les passerelles
d’inclusion bidirectionnelle sont représentés en logique de
description comme suit PVi : x—»>=—PVj : y, on obtiens le cas
rel (x,y) = =exprime une relation d’égalité. Elle sera rajoutée
directement dans la base de cas.
Une passerelle d’exclusion bidirectionnelle : Les passerelles
d’exclusion bidirectionnelle sont représentés en logique de
description comme suit : PVi: x—1—PVj: y, on obtiens le
cas rel(x,y)=L exprime une relation de différence. Elle sera
rajoutée directement dans la base de cas.

Debut
Ajouter ((x.y).<) ;
Sinon
Si P2.type="d’inclusion_bidirectionnelle’then
Debut
Ajouter ((x,y),=) ;
Sinon
Si P2.type="d’exclusion_bidirectionnelle’then
Ajouter ((x,y),1) ;
Fin;
Fin ;
Fin;
Fin ;
Fin.

Fig 4. Algorithme d'alignement des passerelles.

Le prototype que nous allons implémentés se découle de
l'algorithme suivant : (Fig. 5)

Algorithme détection des relations sémantiques entre deux
ontologies multi-points de vue (MPV)

Algorithme d’alignement des passerelles

Entrée :

01, 02 : deux ontologies multi-points de vue (MPV).
OA : ontologie initial d’alignement ;

Sortie : OA : ontologie finale d’alignement ;

Debut
Pour toutes passerelles P1(x,y) d’O1 faire
Debut
Si P1.type="unidirectionnelle’ then
Debut
Ajouter ((x,y).<) ;
Si non
Si Pl.type="d’inclusion_bidirectionnelle’ then
Debut
Ajouter ((x,y),=) ;
Sinon
Si P1.type="d’exclusion_bidirectionnelle’
then
Debut
Ajouter ((x,y),-1) ;
Fin;
Fin ;
Fin ;
Fin;
Pour toutes passerelles P2(y,z) d’O2 faire
Debut

Si P2.type="unidirectionnelle’ then

Données :

1) O1 et O2 : deux ontologies multi-points de vue a aligner
possédent chacune une description globale et des descriptions
locales et un ensemble de passerelles.

2) OA : ontologie initiale d’alignement

Résultat : OA: ontologie finale d’alignement.

Début

Détection de la relation sémantique entre les descriptions
globales ;

Composition des relations sémantiques (OA,OA) ;

Détection des relations sémantiques entre les descriptions
locales ;

Composition des relations sémantiques (OA,OA) ;

Détection des relations sémantiques au niveau des passerelles ;
Composition des relations sémantiques (OA,OA) ;

Fin.

Fig. 6.Algorithme de détection des relations sémantiques
entre deux ontologies multi-points de vue (MPV)

Apres chaque étape d’alignement nous appliquons les
techniques de composition pour enrichir notre base de cas et
détecter des correspondances manqueantes .

V. ETUDE DE CAS

Nous avons choisi d’évaluer notre approche sur deux
ontologies de test dans le domaine de la médecine. Pour
examiner le comportement de I’approche proposée, nous
avons proposé deux petites ontologies de test, Une premiére
nommeée O1 selon les points de vue Cardiologie, Pneumologie
et Infectieux, I’hiérarchie globale de cette ontologie est
représenté dans (Figl0). La deuxiéme ontologie O2 a été
proposée par [9] dans le cadre de leur master selon les points
de vue Gynécologie, Pneumologie et Oncologie I’hiérarchie
globale de cette ontologie est représenté dans (Figll). Pour la
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codification de notre ontologie en langage OWL_DL nous
nous somme servis de ’outil protégé —OWL et nous avons
codifié 1’ontologie multi-points de vue (MPV) en suivant les
étapes de codification proposées par [3].
A. L’alignement global

Afin d’instancier notre bas de cas (OA), nous prenons les
hiérarchies globales des exemples que nous avons pris. Le
premier probléme est de trouver la relation sémantique entre
deux concepts global appartenant aux hiérarchies par
exemples : relation | (Sujet, Personne). La résolution de ce
probleme est faite par le calcul des deux similarités de graphe
entre les hiérarchies et terminologique entre les concepts.
Apres le calcul la valeur pondéré entre ces deux similarités on
compare cette valeur par rapport a un seuil minimale (0.8 par
exemple), on trouve que les deux concepts (Sujet, Personne)
sont similaire. La solution est : Sol = «=».

De la méme facon nous appliquons la mesure de la
similarité sur les autres concepts. On obtient les cas suivant

TOP

*  Epidémiologie

*  Examen_Clinique

»  Signe_Fonctionnel

*  Signe_Physique
* Inspection
» Palpation
* Auscultation

*  Examen_Complémentaire

«  Traitement

»  Pathologies

*  Sujet

«  Diagnostic

Fig 10. L’hierarchie globale d’O1.

TOP
« Structure_Sanitaire
. Hopital
. Clinique
. Bureau_de_Sante
» Personne
. Personnel_de_Sante

. Patient
+ Facteur_de_Risque
+ Service_Médicale
 Traitement
+ Symptome
* Maladie
* Examen

Fig 11. L’hierarchie globale d’O2 .

Exemple

Cas 1 : Epidémiologie = Facteur_De_Risque
Cas 2 : Pathologie = Maladie

Cas 3 : Examen_Clinique = Examen_Physique
Cas 4 : Epidémiologie L Examen.

Les résultats d’équivalence et différence seront stockés
directement dans l’ontologie d’alignement (OA) (cas
1,cas2,cas4). Les flou (=) seront déterminer par la suite (cas3).

Aprés avoir instancié notre base de cas par la relation
entre les concepts globaux, on passera a 1’étape suivante : qui
est la détection des relations sémantique entre les différents
autres concepts.

La relation entre les autres concepts peut étre faite par
I’opération de composition. Cette opération nous permettra la
réutilisation des cas stockés dans la base de cas (Oa). Mais
I’application de I’opération de compositions ne résout pas
complétement le probleme de la détection de la relation
sémantique. C’est pour cela que nous appliquons une autre
opération qui est ’agrégation de similarité.

Composition

Dans notre exemple nous prenons par exemple les deux
concepts Sujet, et Personne. Aprés le calcul de la mesure de
similarité nous avons trouvé le cas (Sujet = Personne) et nous
avons les relations de subsomption Rel (Personne, Patient) =
2, Rel (Personne, Personnel_de santé) = o. Selon la table
de composition de la relation sémantique, 1’application de
I’opération de composition a ces cas, nous donne les résultats
suivantes :

Rel (Sujet, Personnel_de_Sante ) = o
Rel (Sujet, Patient ) = o.

Nous pouvons aussi déduire selon la relation de
subsomption les cas suivants :
Rel (Epidémiologie, Patient) =1, Rel (Epidémiologie,
Personnel_de_Santé) =_.

De la méme facon nous appliquons 1’opération de
composition aux autres cas .Cette opération permet
I’augmentation de la taille de la base de cas.

Rel (Sujet, Personnel_de_Santé) =o.

Rel (Sujet, Patient) =o.

Rel (Epidémiologie, Patient) = L.

Rel (Epidémiologie, Personnel _de Santé) =1 .

Cette étape nous permettra d’associer les concepts globaux
entre eux. Nous passerons maintenant a I’étape suivante qui
est la détection des relations sémantique entre les ontologies
locales.

1) L’alignement local

Dans cette étape, on applique I’approche proposée sur
chaque combinaison de deux descriptions locales appartenant
aux deux ontologies multi-points de vue (MPV). Chaque
ontologie locale de la premiére ontologie multi-point de vue
sera comparée avec toutes les ontologies locales de la
deuxieme en remplissant la base de cas (Oa). Le résultat de
cette étape est une matrice de similarité entre les points de
vue. Si on prend le couple (Infectieux, Gynécologie), et si on
applique la mesure de similarité entre les deux concepts
locales: P V 2: Troubles_des_régles un sous concept du
concept global pathologie selon le point de vue Infectieux
dans la premiére ontologie et P V 1: Trouble_des _régle un
sous concept du concept global symptémes selon le point de
vue Gynécologie dans la deuxiéme ontologie on obtient le cas
suivant :
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Rel (Troubles_des_régles, Troubles des_régles)) ==

Si en prend un autre exemple le couple des ontologies
locales ( Infectieux ,Gynécologue), on obtient par exemple les
cas suivants aprés I’application de I’opération de
composition : Rel (Sujet, personnel De Santé)= o> et Rel
(Personnel_De_Santé, Sage Femme)= o on obtient Rel
(Sage_Femme, Sujet)= <. De la méme facon on obtient : Rel
(Nouveau_ Né, sujet Feetus )=c et Rel (sujet Feetus,
Sujet)=c .

Le premier exemple désigne comment on associe deux
concepts locaux. le deuxieme exemple désigne comment on
associe un concept global a un concept local.
en appliquant la mesure de similarite sur les deux concepts
locaux maladie_tuberculeuse un sous concept du concept
global pathologie dans la premiere ontologie selon le point de
vue pneumologie et pathologie_respiratoire_ infectieuse un
sous concept du concept global maladie selon le point de vue
infectieux dans la deuxieme ontologie selon le point de vue
pneumologie on trouve que les deux concepts sont
equivalents donc on a le cas suivant :
Rel (Maladie_Tuberculeuse, Pathologie
_Respiratoire_Infectieuse) = c.

Aprés I’application de la composition MPV on obtient le
cas suivant: Rel (Infection_ Tuberculeuse, Pathologie
_Respiratoire _Infectieuse)= c.

Le résultat de cette étape est une matrice de similarité
locale, qui associe chaque concept locale de la premiére
ontologie avec un autre de la deuxiéme. A laide de cette
matrice on peut déduire les correspondances entre ces
concepts.

2) L’alignement des passerelles

On prend par exemple dans la deuxieme ontologie la
passerelle:
PV2: Facteur_a Risque Liés _a_ L environnement
PV3: Pollution  qui  exprime que tous les
Facteur _a_Risque Liés _a_ L ’environnement sont des
Pollutions et tous les types de Pollution sont des
Facteur_a_Risque Liés a_L environnement. on obtient le cas
suivant :  Rel (Facteur_a_Risque Liés _a_L environnement,
Pollution) = =,

—>=—

Pour la deuxiéme ontologie
PV2 :Infection_Tuberculeuse—c—
PV3 :Maladie_Tuberculeuse on obtient le cas suivant :

Rel (Infection_Tuberculeuse, Maladie_Tuberculeuse)=c.
Selon la table de la loi de composition, on a dans ’ontologie
d’alignement le cas suivant :  Epidémiologie =
Facteur_a_Risque et nous avons la relation de subsomption
suivante : Facteur_a_Risque -
Facteur_a_Risque Liés_a_L environnement. Si nous
appliqguons la  composition on obtient le cas
Facteur_a_Risque Liés_a_L environnement — Epidémiologie
et Pollution < Epidémiologie.

nous avons la passerelle

VI. CONCLUSION

cet article propose une méthode d’alignement multi point
de wvue, nous a permis essentiellement de détecter les
correspondances sémantiques entre les descriptions globales
ou locales de deux ontologies. La premiére étape était
I’alignement de deux descriptions globales comme étant des
ontologies classiques et la deuxiéme c’était ’alignement des
différentes descriptions locales entre elles et finalement les
passerelles.

Pour étudier ’impact de cette contribution proposée sur
les applications réelles,  nous avons choisi le contexte
d’application de la médecine. Cet article a ouvert plusieurs
perspectives pour compléter et améliorer le travail engagé
dans celui la :

e La premicre perspective est I’alignement des roles
en général qui sera basé sur la notion de similarité
sémantique et il n’existe pas, jusqu'a maintenant, une
mesure de similarité entre les r6les définis avec la
logique de description étendue par le mécanisme
d’estampillage qui prend en considération la notion
de point de vue .

e Une autre perspective est de développer une étape de
maintenance afin de permettre a notre systéme
propos¢ d’effectuer seul les opérations de
maintenance.
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Abstract- Wireless sensor network (WSN) is
an emerging technology that aims to offer
innovative capabilities. However, the sensor
nodes present important limitations, mainly in
terms of energy which depends on the lifespan
of battery. This is why so many works focused
on of the energy consumption. In this paper,
we are interested especially in heterogeneous
environment taking into account the
communication and data routing algorithms.
We present a new protocol called Hybrid
Energy Efficient (H2E) Protocol for
Heterogonous WSNss, which is an
improvement of HEEP protocol [1] making it
more scalable and supporting heterogeneity of
nodes. H2E protocol is implemented using
TinyOS embedded system. Simulations under
Tossim are performed to evaluate the
performances of the proposed protocol.

Network,
Routing,

KeyWords-Wireless Sensor
Heterogeneous WSN, Actuator,
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I.  INTRODUCTION

The Wireless Sensor Network (WSN) is a type
of network that consists of special nodes or
motes composed a least of a micro controller,
memory, radio interface to communicate with
neighbors, a sensor to collect data, and energy
unit. For special mission, the node must
integrate other components like unit for
movement capture, localization, etc. The nodes
may be different and thus constitute a
heterogeneous wireless sensor network. In the
remaining of this paper, in section 2, we will
discuss the heterogeneity of wireless sensor
network which is categorized in three types:
hardware, software and function-based, in
section 3, we present a survey of HEEP [1]
protocol as a new network self-organization
approach which combines clusters-based and
chain-based approaches. This new approach is

still suffering about the non support of scale-up
and heterogeneity of the nodes, that is our
concern in this paper while suggesting a new
protocol (H2E) to support these two HEEP
protocol’s deficiencies, thus we discuss in
section 4 and section 5, our proposal and
some details related to its implementation and
simulation tools. In section 6, we evaluate
performances of H2E and finally, we present
an overall conclusion.

II. HETEROGENEOUS NETWORKS

When nodes in a network are different; we talk
about heterogeneous wireless sensor network.

We can categorize three types of
heterogeneity.

% Heterogeneity in the hardware

Different architectures are supported by

sensors nodes according to the nature and
quality of their components and different
suppliers like (micaz, telosb, iris,etc).
% Heterogeneity in the software
There are many operating systems, middleware
and protocols developed for sensor nodes
(tinyos, contici, iros, mate, etc... ).
< Heterogeneity in the function:
The function of a node defines what it can do,
so, different roles in the network are ensured
by different nodes, for example: regular node,
head cluster, base station. We explain details
of these categories in the following:
% Heterogeneity in hardware architecture
» Communication
There are many ways to share information over
the air, different techniques are classified
according to their speed and range: example:
Wifi, Bluetooth, Zigbee[7.10,13,6]
» The microcontroller
Sensor nodes often contain a microcontroller

with few resources. Usually it is an
architecture of 8 or 16 bits, with less
than16KOctets RAM and less than

192KOctetsflash memory. This architecture is
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suitable for practical needs example: AVR
MSP430, ATMEL,, etc[3];
> memory
Several types of memories are req
node’s operation. A

Memory) is required to store

(programs)

in case of insufficient space of th
case of power failure [2]
> Energy

Many battery models are described in the
literature, which take into account

of the sensor node in the estim

lifetime of the battery. This latter «

on thetype of battery (Alkaline, Lithium ion,
Ni-Cd, Ni-MHz ...) and

its technology. Indeed, the chargi

battery depends on its i

breakdown voltage, but also ho
constant current discharge or intermittent [2]
» The sensor

multiple functions and differer
Sensors.

a low data flow, long life; it
periodic or event-

and transmission to the base

simplest detection patterns are

within a circular disc of radius cal
range[9,2].
+ Heterogeneity in software

» Operating systems
Current researches
increasing the speed of informati
and on other hand, on

through  obstacles. For thes
applications of WSNs are being
considerable development. Aware that some
architecture is more powerful thar

logical to ex to software.
We can have operating systems that offer more
features, or that using

We will present some most used operating
systems for sensors: [11,3]: TinyOS, Mntis,
Nano -RKk, contiki, Retos, Sos... our work uses
TinyOS system.

Nom  MémoireFlash ~ Mémoire RAM Particularité
TinyOS  Li¢ aI'application ! premier OS pour WSNs
Mantis0S 14K0 500 octets  {ils préemptds, basse consommation
NanoRK 16K0 KO préemptif temps réel
RETOS 24K0 800 octets préemprif, résilient
S0S 20K0 LIKO preemptif, modules dynamiques
Figure 1: Operating systems Summary best

known WSNs

» Middleware (virtual mac
Virtual machine:

low level code written for it ar
associated

in compatible with the architecture
There are also virtual machines f

intensive use of the Java virtual m;
of the strong advantages of

more space that is available f
application.

virtual machines for microcontr
created. In general, there is a cross-compiler (a
compiler that targets to

that remains on the computer and

byte
when the intermediate result of the
is ready, it will b

machine remains on the node wi

interpret the byte code to e
algorithm. [3] Example mate, DAI
VM, magnet.

» Protocols
MAC layer

the network when the

function, or to

types of protocols at the MAC layes
»  (Scheduling protocols)

SEnsors

ow peer-to-
illy require
inter-cluster

approaches: TDMA, FDMA CDMA
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» Contention based protocols
The medium access contention-based protocols
are more flexible to the changes in the
topology. They allow peer-to-peer
communication, and require no
synchronization. However, they often don’t
use resources efficiently because of collisions
and unnecessary listening [4,8,6].SMAC, DS-
MAC, T-MAC B-MAC etc.
Routing
Routing is one of the crucial issues in almost
any type of network. The goal of a routing
protocol is to find a route between two nodes
of the network. In heterogeneous networks,
they also require, at the same time, minimizing
communication additional costs, energy
consumption and the consideration of the
diversity of capabilities of the network nodes
components. In heterogeneous networks, more
work focuses on the design of algorithms for
creating clusters or sets of dominant nodes to
take this heterogeneity to increase the lifetime
of the network. The technique of creating a
hierarchy has several advantages, in effect
[14]:

» Tt reduces the size of the routing table
stored on the nodes.

> It can save bandwidth
communication: indeed, for the
technique based on the creation of
clusters, nodes of the communication
field in the same cluster.

» It can prolong the life of the low-
resource nodes and thus the network
lifetime.

» It reduces the maintenance overhead
of network topology: just because a
node will monitor his connection with
his CH or with the dominating node
of the spine.

» It reduces the number of redundant
packets using techniques aggregations
level data prevailing at the nodes or
CHs.

++ Heterogeneity in function

Depending on the environment or the selected
application, a WSN may contain different
types of nodes: [5]

> A regular node

is a node having a transmission unit and a data
processing unit. The data transmission unit is
responsible for all programs and data reception
via a wireless communication medium can be
of the optical type (as in Smart Dust knots) or
radio frequency type (as in Stargate nodes).
The data processing unit is composed of a
memory, a microcontroller and a specific
operating system (such as TinyOS, developed
at the University of Berkeley and currently
used by over 500 universities and research

centers worldwide). She is responsible for
processing data from the transmission unit.
Depending on the field of application, a node
may be provided with additional or optional
units such as a positioning system (Global
Positioning System or GPS, etc.) to determine
its position, or an energy generating system
(photovoltaic cell, etc.), or a mobile system to
enable it to change its position or configuration
if necessary.

> A sensor node
This is the source node is a regular node
equipped with an acquisition or detection unit.
The acquisition unit is generally equipped with
a sensor or plurality of sensors that receive
analog measurements (physical and
physiological) and an analog / digital converter
which converts the information recorded in a
digital signal understandable by the unit
treatment.

» An actuator node or robot
is a regular node has a unit for it to perform
specific tasks such as mechanical tasks (move,
fight a fire, a PLC control, etc.)

> A hole node
Is a regular node with a serial converter
connected to a second communication unit
(GPRS, Wi-Fi, Wi-Max, etc.). The second
communication unit provides a transparent
retransmission data from sensor nodes to an
end user or other networks such as the Internet.

»> A gateway node (or Gateway)
is a regular node for relaying the traffic in the
network on the same communication channel.
To optimize some parameters like the life of
the network or the data delivery time, some
work has focused on architecture (flat,
hierarchical, multi-level) of the NSR. These
architectures often define the roles of nodes in
a WSN. We distinguish three main roles are:

> Source node (NS)
Whose main role is to detect physical or
physiological phenomena occurring in their
immediate environment in order to transmit,
directly or through multiple hops, an end user.
This is actually a sensor node.

» Relay node (NR)
Its role is to aggregate and retransmit the
measurements from the NS so that they reach
an end user. In a flat architecture, some work
typically consider NS as NR .In a 2-level
architecture, a gateway node plays the role of
NR for one or more source nodes. In such a
network configuration, NR transmission
capacity is assumed to generally greater than
that of the NS.

» Collector node (NC) data
Its role is to collect measurements from the
source nodes and possibly aggregated.
Generally, a "Cluster-Head" or cluster manager
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is used as NC in a hierarchical
where NS are partitioned into groups. [9.5]
Motivation

very sensitive parameters in this

and range for each sensor. We cho

[1 sed in our
laboratory. Note that this protocol suffers from
the scale-up problem

to remedy the shortcomings of HE

III. THE HEEP

on of sensor

regulate the energy dissipation an
load on the CH (cluster-Head)

use of the bandwidth. Aggregat

node in the chain reduces the am

exchanged between t

has the effect of preserving the energy reserves

[1]..

Figure 2:Organization of sensor nodes in
the network

The problem that we try to solve
the main problems are figured in t

picture :

e The network coverage dej
limited on the base station range.

e The BS can transmit a me
node x but the opposite ay be
notbecause node xcan’t detect BS in
his range.

Figure 3: problematic posed by ]
heterogeneity of range

Iv. L: H2E

our protocol, the distributed moc
centralized model.We choose toin
distributed model under TinyOS Platform.
Finally, we simulate the pro

TOSSIM simulator. Both models

phases, the initialization phase, a
transmission phase, the following figure
illustrates this principle.
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Figure 4: general outline of our protocol

The distributed model

This model is based on the particij
sensor nodes in the initialization
node participate

can make two spots according tc
energy, capacity).
The initialization phase

broadcasts its message to all neighboring
nodes, this message contains: ID, range, and
depth, ID is the identifier of the

range is the coverage area, and

represents the number of hops which initially
takes the null value. each neighboring node of
the BS after the receipt of the message
(initialization phase) tests if it is al

the BS, by comparing its own range with the
its parent’s range

approach we use the signal stre

[12], if the conditions are satisfied , the node
declares BS its parent otherwise it waits for
further messages.

After the declaration phase the node will
transmit the BS message to other nodes which
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they haven’t parents. Before retransmission the
message the node change fields of the message
by its specific data (depth, and range ID), by
repeating this phase each node will have a
parent, Thus it can reach the base station
through his parent. Then each node send a
message to the BS contains the following
parameters: the energy, range, and depth.

to minimize the number of messages in the
network, each node sends a message to its
parent with a random time slot to reduce
collisions and interference, when the BS
received all node messages , it calculates the
average energy of all nodes, and then selects a
percentage P of nodes that are elected cluster
head (CH: Cluster-Head) with an energy
greater than or equal to the calculated average
power, and to reduce the number of messages
sent to elected CH, the BS sends IDs of all CH
in one message taking into consideration the
size of the packet, each node receives the
message sent by the BS, then rebroadcasts it to
other nodes until all nodes receive the message
and recover the average energy to recognize if
it is a CH or not, after that the CH to the
creating the forwarder chain (bridges).
Formation of the chain of forwarders of
CLUSTER-HEAD step

Each CH sends a confirmation message to its
parent, then it is received by the parent who
declares itself as a forwarder, if the energy of
this sensor is greater than or equal to the
average of energy calculated by the BS then
this node is also a sensor that can collect data,
else the node declare itself just a forwarder.
Each CH must have a forwarder to reach the
BS, each parent node on the way between the
CH and the BS, becomes a forwarder if it is
not the BS.

Clusters chains training step

This step is triggered by CH. Each CH
broadcasts a message to its neighbors, this
message contains id, range, depth. Each node
which isn’t a CH or a forwarder retrieves
messages sent by the CHs. The node has a
waiting period, if it doesn’t receive a new
message, then starts the election of a CH which
becomes its parent by taking into account the
received parameter (range and depth and
strength signal). In our case the node saves the
coefficient of each CH in a table and then
selects the node with the highest coefficient
value in the table, calculated as: coefficient=
depth*signal strength*range

The range needs to be greater than or equal to
the range of the parent and the signal strength
have to be greater than -70 (in the specification
of the environment of our network). After CH
election, the node is declared as a cluster
member and will also continue the formation

of the chain by broadcasting message to the
nodes that are not members. Finally, the
operation ends with the triggering of the data
capture phase and the transmission to the base
station.

Data transmission step

For this step it has several models according to
the event or type of application, the data
transmission task can vary; but the essential
point in this step is the minimization of the
energy consumption and the receipt of data
(reliability); each node sends the captured data
to its parent and so on; Among these models
we can distinguish some models, for example
the sensor can capture several times but
transmits only one time, the node send the sum
or the average depending on the type of
application, CH also can send data after each
reception or leave them until the arrival of all
members data, taking into consideration the
size of the packet; in our case we use the
simplest model, where each node periodically
captures value and transmits each time to its
parent, and the same for the CH, it will
transmit the data directly to the forwarder until
the BS.

In the following we show resumed algorithm
of our protocol

The initialization phase

Begin

If(is_BS ) brodcasts(bs_info); /* base station

broadcasts its message */

Else{
if( range(self) >= range(recive_from)){
/¥if range of receiver is more than sender
range */
Parent = receive_from;// reciv_form is

the sender
Brwdcast(self_info); /*each node have a
parent , braodcast to other nodes™*/
} else wait_a_parent(); /* if range is less
than sender range , the node waits other
senders*/

}

End

Nodes send info to BS to calculate and choose

Clusters Heads

begin

If (parent != null)
Send_info_to_BS_by(parent); */info
arriving to BS using multi hop routing
for each node via its parent */

If (is_exist(all_info_of_nodes)& &is_BS){
Calculate_average_energy(); /*calculate
the average of energy to set node as a
cluster head or forwarder*/
Select_CH();/* select a percentage of

nodes as CH */
Broadcast(CH is);

}
End
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Formation of the chain of forwarders

begin

If(is_ CH){
create_chain_forwarder_to_BS(); /* the
CH creates the link to the base station */
broadcast(ch_info); /* broadcasts a
message to nodes for joining the cluster */

Jelse if (lis_ BS& & lis_forwarder) {
Election_CH(list_of_ch_received); /* all
nodes after receiving the meseges of
clusters , they elected who is CH*/
Brodcast(nodes_not_member_in_cluste
r_yet);/*create chain in cluster */

H

End

Data transmission step

begin

if(parent!= null){
collect_data(); /* sense data */
send_data_to_BS(parent);/*sends sensed
data to BS by parent */

}
End

The centralized model

For this model the initialization task is
effective at the BS level that triggers the first
step of a message as we have seen already for
the distributed model, after receiving the
message from the BS by all nodes, each one

of them must generate a message that contains
ID, range, power, depth, and the key is the
geographical coordinates and transmits it to the
BS through the elected parents in the
initialization step, at the end of this step the BS
collects all messages, and use these
information (id, coordinates ...) to create a
topology and select the forwarders, the CH and
their members. After the formation of the
topology, the BS will inform all nodes, each
node has its task or role, and for the
transmission of data that it’s similar to the
distributed model. Among the problems of this
model is the deficiency of a CH sensor, which
implies a new initialization step. Contrary in
the distributed model in case of deficiency of
the CH, a member can choose the CH among
the lower priority than the first, which are
saved in the table of CHs. We can suggest that
in the step of forming the CHs can also create
his backup in case of deficiency. To know if
there are deficient nodes, we can use the
system acknowledgement, for example if there
is no acknowledgement for five successive
messages, the CH node is declared dead and
we can then use its replacement.

V. IMPLEMENTATION OF H2E

Tinyos

TinyOS is an operating system specifically
designed for sensor networks. It has a
component-based programming model,
provided by the NesC language [8], a dialect of
C. TinyOS is not an OS in the traditional
sense. It is a programming framework for
embedded systems and set of components that
enable building an application specific OS into
each application.

A TinyOS program is a graph of components,
each of which is an independent computational
entity. Each TinyOS component has a frame, a
structure of private variables that can only be
referenced by that component. Components
have three computational abstractions:
Commands, events, and tasks. Commands and
events are mechanisms for inter-component
communication, while tasks are used to
express intra-component concurrency.

A command is typically a request to a
component to perform some service, such as
initiating a sensor reading, while an event
signals the completion of that service. Events
may also be signaled asynchronously, for
example, due to hardware interrupts or
message arrival. From a traditional OS
perspective, commands are analogous to down
calls and events to up calls. Commands and
events cannot block: rather, a request for
service is split phase in that the request for
service (the command) and the completion
signal (the corresponding event) are decoupled.
The command returns immediately and the
event signals completion at a later time [15].
Nesc

NesC (network embedded system C) is a
component-based C dialect. In some ways,
NesC components are similar to objects. For
example, they encapsulate state and couple
state with functionality. The principal
distinction lies in their naming range. Unlike
C++ and Java objects, which refer to functions
and variables in a global namespace, NesC
components use a purely local namespace.
This means that in addition to declaring the
functions that it implements, a component
must also declare the functions that it calls.
The names that a component uses to call these
functions are completely local: the name it
references does not have to be the same that
implements the function. When a component A
declares that it calls a function B, it is
essentially introducing the name A.B into a
global namespace. A different component, C,
that calls a function B introduces C.B into the
global namespace. Even though both A and C
refer to the function B, they might be referring
to completely different implementations [16].
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Tossim[17]:

ntrolled and

philosophy of TOSSIM, its car
structure. It also provides a br

how to use TOSSIM for testing or analysis.
Power Tossim

The PowerTossim is to perform si

the same way as Tossim

allowing us to run the simulati
death of the network.

TinyViz[17]

TinyViz is a Java visualization
for TOSSIM. The main TinyViz
file,

TinyViz can be attached to
simulation. Also,

TinyViz to connect before it starts up, using
the -gui flag. This allows users to
TinyViz captures all the events
simulation.

the simulation script to create a real-time
graphical interface SimViz with simulator.

Figure 5: SimViz

VI EVALUATION

To evaluate our modified protocol, we present
some performance parameters. The simulation
uses always 50 nodes, with a\

between -110,-80 and dense and not-dense
environment.

types of sensors depending on the
or given task to perform: brid
forwarder; sensor node; cluster-head node,

simultaneously, the following tab.
number of nodes for each type in both dense
and sparse cases:

Kind of node Number

Cluster head Preset (our case 10%) 5

Bridge (forwarder) | 3

sensornode 36

Forwarder and | 8

sensornode

Table 1:number of nodes for each node (not
dense)

Kind of node Number

Cluster head Preset (our case 10%) 5

bridge(forwarder) 0

Sensor node 45

Forwarder and | O

sensornode

Table 2:number of nodes for e:

(dense)

Energy consumption
We calculate the energy

of energy consumption, which is a predefined
file in Power Tossim simulator fo

MICA2 and Micaz. The follow

show the energy consumption for each sensor
in the form of a curve:

P -

FER RN E R YYENYNES

Figure 6:energy consufnption for each
node(not dense)

@ Sabjun 21 DRAIS2 Luser ©

(SRR T e I L
Figure 7: energy consumption for each node
(dense)

Packet loss:
There are

does not use the RTS / CTS mechanism; to
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solve this problem we can diffi
transmission time slot to avoid the collision
and interference. There are also other
mechanisms, w

to each cluster of a frequency (FL

internal exchanges event ( ter level), in

regulation must be made within ¢
slot for each cluster through

mechanism; so the following picture shows the
rﬂlllﬁljl;ber of packet lost for etch node;

& -
..... . .

| S s

Figure 8: packet loss for each node(not
dense)

R

Figure 9 ode(dense)
dense and not dense in energy :
and packet loss
Kind of node Energy

average(unit)

Cluster 879.74
bridge (forwarder) 1013.1333:
Sensornode 1111
Forwarder and | 1558.85
sensornode

Figure 10: energy consumption ¢
the sensor type (not den

Kind of node Energy
average(u

Cluster 2114.06

bridge(forwarder) 0

Sensor node 971.317777778

Forwarder and sensor | 0
node

Figure 11: energy consumption
the sensor type (dense)

0,00 === [ |

M not dense

sensor

cluster-head
forwrder
sensor-bridge

Figure 12: Comparison
m-dense
environment depending on the s

After this comparison, we not
consumption of energy in dens

cluster node is higher than sparse ¢

we haven’t forwarder or sensor-bridge in dense
case, so we conclude that all the hard work is
doing by cluster node

Kind of node Packetloss(packet)(data)
Cluster 565.2
bridge

389
Forwarder and | 463.25
sensornode

Table 3: packet loss according to
type (not dense)

Kind of node etloss
(packe

Cluster 197.0

bridge(forwarder) 0

Sensor node 187.422222222

Forwarder and sensor | 0

node

Table 4: packet loss according to the sensor
type (dense)

600,00
400,00
200,00

0,00

|-
=

not dense

sensor
bridge

cluster head
sensor-bridge

Figure 13: Comparison of packe
dense and non-
depending on the sensor t

We note that the packet loss in sparse case is
more than dense case, this is t
node's range can be different frc
another (for example: y sends message to X
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but the last one can't receive), so we get more
packet loss.

VII. CONCLUSION

Despite the fact that we haven’t made
comparisons with other routing protocols, we
can say that our modified protocol solves the
problem of heterogeneity, for example the
range problem i.e. change the range
dynamically based on power consumption,
and differs depending on the task performed by
each type of sensor node. Our protocol also
addresses the problem of scalability of the
original protocol HEEP,

As a perspective, we plan to improve our

protocol in order to support mobility and

heterogeneity on many layers.
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Weighted Association Rules:

Application in Medical Images fields
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Abstract----Medical image mining is an important field in data
mining literature. Association rule is very important technique
in medical image mining. Finding these valuable rules from
medical images is a significant research topic in the field of data
mining. Discovering frequent itemsets is the key process in
association rule mining. Traditional association rule algorithms
adopt an iterative method which requires large amount of
calculation like Apriori algorithm [1]. The FP-growth [2]
algorithm is currently one of the fastest approaches to frequent
itemset mining.

In this paper, we proposed a new algorithm called WFP-
Growth of discovering significant binary relationships in
transaction datasets in a weighted setting. It is adapted to
handle weighted association rule mining problems where each
item is allowed to have a weight. It implements a fast and stable
algorithm to mining weighted association rules based on
Frequent Pattern-tree (PF-tree).Experiments on performance
study will prove the superiority of the new algorithm for
different values of minimum support compared with MWAR
algorithm [3].

Keywords: Image Mining, Association Rule, Apriori,
medical imaging, Weighted Support.

|. INTRODUCTION

Nowadays, computers are used widely in different areas.
Fast, reliable and un-limited secondary storage provides a
perfect environment for the users to collect and store large
amounts of the data. Computers are also used to extract the
useful information from the mass of data. This is the
knowledge discovery in database (KDD) or data mining.
Image mining can automatically discover these implicit
information and patterns from the high volume of images
and is rapidly gaining attention in the field of data mining.
Image mining is more than just an extension of data mining to
image domain. It is an inter disciplinary endeavor that draws
upon computer vision, image processing, image retrieval,
machine learning, artificial intelligence, database and data
mining, etc. While some of individual fields in themselves
may be quite matured, image mining, to date, is just a growing
research focus and is still at an experimental stage. Research
in image mining can be broadly classified to two main
directions: (1) domain specific applications; (2) general
applications [4]. Data mining in medical images belongs to
the first direction.

Nowadays, billions and millions of medical images have
been generated routinely in medical care centers. Usually
analyses of this lump amount of data have been done
manually. Even experienced and trained sonologist find
difficulty in analyzing a very small amount of images. So,
physicians are aided with computer based techniques for
diagnosing the patients. This has initiated the research in

Rahal Sid Ahmed and Khiat Salim
University of sciences and technologies —Mohamed Boudiaf-
USTOMB
Computer sciences and Mathematics Faculty
Signal, System and Data Laboratory (LSSD)
rahalsa2001@yahoo.fr, Salim.khiat@univ-usto.dz

creating a vast  database for medical images. In Computer
Aided System (CAS), the processed computer based output
has been wused as a second opinion for health care
professionals to analyze and diagnose the patient details in a
quicker way as compared to manual process. Using the
automated CAS identification of different pathologies is
clearer, accurate and more confident [15], [16]. It also helps
the physicians in analyzing the information to bring out the
possible outcomes of the diseases from the database stored.

In this paper image mining concepts have been used. It de
als with the implicit knowledge  extraction, image data
relationship and other patterns which are not explicitly stored
in the image.

The objective of the mining is to generate all significant pa
tterns without prior knowledge of patterns. Association rules
(ARs) [5] are a popular data mining technique used to
discover behavior from market  basket data. The technique
tries to association rules (with strong support and high
confidence) in large databases. Classical Association Rule
Mining (ARM) deals with the relationships among the items
present in transactional databases [1, 7].Typically, the
algorithm first generates all large (frequent) itemsets (attribute
sets) from which association rule (AR) sets are derived. A
large itemsets is defined as one that occurs more frequently in
the given data set than a user supplied support threshold. To
limit the number of ARs generated, a confidence threshold is
used to limit the number of ARs generated by careful
selection of the support and confidence thresholds.

The remainder of this paper is organized as follows:
Section 2 introduces related work. Section 3 gives the detail
of the proposed approach for weighted Association Rule.
Experimental results are described in the section 4 and in last
section we terminate with conclusion and future work.

Il. RELATED WORK

In [8] they proposed a new algorithm which based on
association graph and matrix (GMA) pruning to reduce the
amount of candidate itemsets. GMA algorithm draws on the
advantages both association graph and feature matrix pruning
to reduce the candidate itemsets generation. Instead the
authors GMA algorithm greatly reduces the candidate
itemsets and has improved the efficiency of frequent itemset
mining. Experiment shows that GMA algorithm can adapt and
adjust better to the change of the value of minsup. Moreover,
GMA algorithm can be used for mining association rules on
medical images effectively.

Fen & all [9] they identify the limitation of the traditional
Association Rule Mining model, in particular, its incapacity
for treating units differently. They proposed that weight can
be integrated in the mining process to solve this problem.
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They identify the challenge faced when making improvement
towards using weight, in particular the invalidation of
downward closure property. A set of new concepts are
proposed to adapt weighting in the new setting. Among them
is the proposal of using “weighted downward closure property”
as a replacement of the original “downward closure property”.
This is proved as valid and justifies the effective mining
strategy in the new framework of ‘“weighted support —
significant”. The proposed new framework is designed to
replace the original “support — large” framework in order to
tackle the problem in weighted  settings. Through studying
the simulation of the lattice building, conclusion is drawn that
weight can be used to steer the mining focus to those
important itemsets with high degree of significance. This is
further proven by experiments on synthetic datasets. The
experiments show that the mining results in the weighted
setting conform to the expected hypothesis. The experiments
also show that the algorithm is scalable.

The proposal Weighted Association Rules in [3] consist of
a new weighted association rules model.
First they define the weighted support of a rule based on the m
aximal weight, which can reflect the different importance and
unbalance of individual items in database and make the item
with a heavy weight in an outstanding position.
By constructing a new model of mining weighted association
rules, they discuss the characters of the model and describe
the algorithm MWAR accordingly. Then they illustrates the
medical images data mining process by fact and the
experiment results are compared with that of MINWAL[10],
they show that MWAR is more efficient and the itemsets with
the small weight are weight frequent itemsets and so
do the itemsets with the big weight when they have the same
frequency.

P. Rajendran, M.Madheswaran [11] proposed method with

the classification of brain tumor in the CT scan brain images.
The major steps involved in the system are: preprocessing,
feature extraction, association rule mining and hybrid
classifier.
The preprocessing step has been done using the median filteri
ng process and edge features have been extracted using canny
edge detection technique. The two image mining approaches
with a hybrid manner have been proposed in[11].The
frequent patterns from the CT scan images are generated by
frequent pattern tree (FP Tree) algorithm that mines the
association rules.

The decision tree method has been used to classify the me
dical images for diagnosis. This system enhances the
classification process to be more accurate. The hybrid method
improves the efficiency of the proposed method than the
traditional image mining methods.

The experimental result on prediagnosed database of brain
images showed 97% sensitivity and 95% accuracy
respectively. The physicians can make use of this accurate deci
sion tree classification phase for classifying the brain images
into normal, benign and malignant for effective medical
diagnosis.

MWAR is an important algorithm in medical image
mining because it precedes with associate for each item a
weight. Indeed, items in medical image mining has not the
same weight for example the Benign and  malignant items
are very important that the texture items. Effectively, the two
first items can help researchers more than the texture item so
we attribute a high weighted value to these two items.

MWAR is based on the Apriori algorithm which needs a
multiple scan of database. Apriori algorithm is advisable in
the sparse databases like the commercial databases. In these

databases the size of the frequent itemsets are small it need
small scan to the databases. But in the medical image database
which are dense databases where the size of frequent itemset
is very large. Apriori is not suitable in these kinds of
databases. So for that raison we use the FP-Growth algorithm
which is performed than apriori in the dense context.

In this view, we propose to introduce the weight concept
in the FP-Growth algorithm. The propose algorithm Weighted
FP-Growth is defined in the next section.

I11. PROPOSAL WEIGHTED FREQUENT PATTERN
GROWTH IN MEDICAL IMAGES (WFP-GROWTH)

We propose a new algorithm for association rules in
medical image called Weighted Frequent Pattern Growth
(WFP-GROWTH). The proposed method has been divided
into two main phases: defining weighted association rules and
algorithm for mining association rules.

A. Weighted association rules

The reason why FP-Growth works is that if an itemset is
frequents all the subsets of that itemset must be frequent.
However, for the weighted case, the means of frequent itemset
needs to be modified to handle weighted support. A new
algorithm is needed to solve the mining of the weighted
association rules.

The characters of weighted association rules are discussed
in the following part:

Theorem 1.

Suppose the itemset X= {il, i2,...,ik}, where k>I,
ileYCSX,s0:

1) W(X) =W(Y);

2) If X is frequent itemset, so does Y.

Definition 1.

X and Y is joinable, marked X» Y= {X(1), X(2),..., X(k-
1), Y(k-1)},

when X(1)=Y(i), i=1,2,...,k-2; X(k-1) < Y(k-1) and k>2.

Theorem 2.
When k>2, any weighted frequent k-itemsets can be got
through joining two frequent k-1-itemsets together.

Proof :

VX, where X={il,i2,...,ik}, k>2, XcLk.

Suppose Y={il,i2,...,ik-1}, Z={il,i2,...,ik-2,ik }, in
accordance with theorem 1, Y,Ze Lk-1, X =YX Z.

Theorem 3.

When k=1, C1={{x}xe | };

When k=2, C2={{x,y}{x}eL1,yel and x<y};

When k>2, Ck={X» Y|XelLk-1,YelLk-1,and XY are
joinable}.

So vk, LkeCk

B. Algorithms for mining weighted association rules
One of the most important Knowledgw Distributed Databa

se research issues is association rules. ARM task is to
discover the hidden association relationship between the
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different itemsets in transaction database [12], [13], [14], [1],
[17].

Let I={i1,i2....im} be a set of m distinct items. A transacti
on T is defined as any subset of items in I.

A transaction database T is said to support an itemset
xcl if it contains all items of x.

The fraction of the transaction in D that support x is called
support value is above some user defined minimum support
(minsup) threshold then the itemset is frequent, otherwise it is
frequent.

FP Growth [2] is one of the basic algorithm use for
generate association rules. FP growth is an approach based on
divide and conquers method. The main purpose of this
technique is to produce frequent itemsets by using the
combination of data attributes. It basically works on to
generate frequent itemsets by using the combination of data
attributes. It basically works on to generate frequent item set
without candidate set generation.

One way to construct a simpler model computed from data
, easier to understand and with more predictive power is to
create a set of simplified rules [6].

The major steps of WFP growth are consisting of the follo
wing steps:

1) Stepl-First condenses the database showing
frequent itemset into WFP-tree.

The special weighted prefix tree called WFP-tree consists of
a frequent item header table. The root is labeled as “NULL”
and a set of the item prefix sub tree are called the children.
There are four fields defined for each item prefix sub-tree,
they are  node-name, node-weighted-count, node-link
node-parent.

There are also three fields are included for each entry of the
frequent item header table, those are item-name, item-weight-
sup, item-head[17].

The pointer pointing to the first node in the WFP-tree carry-
ing node name is item-head algorithm. The WFP-
Tree construction steps include:

and

a) First Transnational Database (TDB) Scan:
Let L be the set of frequent items and weighted support val-
ues of each frequent item have been collected.

b) Scan TDB again:

All frequent items in every transaction has been selected and
sorted according to the order of list of frequent items.
From the corresponding itemsets by combining the ordered fr
equent items in every transaction and insert ~ them to WFP-
Tree respectively.
It consist of one root labeled as null, a set of item prefix sub t
rees as the children of the root, and a frequent item header
table.
Each node in the item prefix sub-tree consists of three fields:
item-name, weighted count and node-linke where:

- item-name registers which item the node represents;

- weighted count registers (the number of transactions
* the itemset weight) represented by the portion of
path reaching this node;

- node link links to the next node in the WFP-tree
each item in the header table consists of two fields :
item name and head of node link, which points to

the first node in the WFP-tree carrying the item
name.

This first step is demonstrated in Tablel, which shows an
example transaction database on the left. The weighted fre-
quencies of the items in this database, sorted descendingly,
are shown in the middle of this table. If we are given a user
specified minimal support of 2 transactions, items f and g can
be discarded. After  doing so and sorting the items in each
transaction descendingly w.r.t. their frequencies we obtain the
reduce databases shown in table 1 on right.

TABLE1: TRANSACTION DATABASE (LEFT), ITEM FREQUENCIES (MIDDLE),
AND REDUCED TRANSACTION DATABASE WITH ITEMS IN TRANSACTIONS SOR
TED DESCENDINGLY W.R.T THEIR FREQUENCY (RIGHT)

adf
: cde item | weight | count | Count da
bd weighted dcae
. d 0.9 h] 72 db
bed
be b 0.9 7 6.3 dbe
C 5 4 be
abd ¢ 0.8 3 4
a 0.8 4 32 dba
pde 3 23 dbe
beeg e 0.79 3 237 e
cdf f 0.7 2 14 e
abd g | 06 | 1 06 de
dba

Figure 1 shows the WFP-tree related to the database in
table 1.

Fig 1: WFP-tree for the (reduced) transaction

2) Step2: It divides the WFP-tree into a set of
conditional database and mines each database
separately

The core operation of the WFP-growth algorithm is to com-
pute an WFP-tree of a projected database, that is, a database
of the transactions containing a specific item, with this item
removed. This projected database is processed recursively,
remembering that the frequent itemsets found in the recursion
share the removed item as a prefix.

Figure2 shows the e conditional WFP-tree of the WFP-tree
shown in Figurel.
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Fig 2: Computing a projection of the database w.r.t. the item by traversing t
he lowest level and following all paths to the root.

IV.EXPERIMENTS

This paper uses the MIAS1 data, constructing the mam-
mography database D, shown as table 2 where each item
have specific medical meaning and is endowed with different
weight in accordance with its importance in disease diagnose.
In this database we can find four kinds of items. The first
kind is the character of  background tissue, it is composed
of three items, F means Fatty and its weight is 0.95, G means
Fatty-Glandular and its weight is 0.9, D3 means Dense-
Glandular and its weight is 0.89. The second kind of items is
the class of abnormality, it is composed in seven items,
CALC means Calcification and its weight is 0.89, CIRC
means Well-defined/ circumscribed masses and its weight is
0.89, SPIC means Spiculated masses and its weight is
0.89, MISC means Other ill-defined masses and its weight is
0.89, ARCH means Architectural distortion and its weight is
0.89, ASYM means Asymmetry and its weight is 0.89,
NORM means Normal and its weight is 0.89. The third kind
is the severity of abnormality, it is composed in two items, B
means Benign and its weight is 0.99, M means Malignant and
its weight is 0.86.

TABLE 2: THE MIAS DATABASE

TID ITEMS Weight
mdb001 | GCIRC B 0,8
mdb002 | GCIRC B 0,85
mdb003 | D NORM 0,6
mdb004 | D NORM 0,5
mdb005 | F CIRC B 0,9
mdb006 | F CIRC B 0,95
mdb007 | F NORM 0,8
mdb008 | G NORM 0,7
mdb009 | G NORM 0,65
mdb010 | F NORM 0,7

! http://peipa.essex.ac.uk/info/mias.html

From the above tables, we will show how the large itemsets
are generated from the transaction database. Suppose the
wminsup is 0.1 and minconf is 0.45.

The weighted association rules and frequent item sets are
found by Algorithm WFP-Growth, shown as in table 2. In
this table, in the left textbox the weighted association rules
are listed with their configurations; in the right textbox the
frequent item sets are listed with their supports and weighted
support.

We implemented the two algorithms MWAR and WF-
Growth on an HP with a I3 CORE 2GHz CPU.

The test is based on the MIAS databases, in which 6 values
of thresholds (wminsup) are used for each test, namely {0.1,
0.15, 0.2, 0.25, 0.3, 0.35} in the mining weighted association
rules.

Table 3 and figure 3 show the time processing between

MWAR et WFP-Growth. We can observe that for all values
of wminsup WFP-Growth outperform MWAR.

TABLE 3: TIME PROCESSING BETWEEN MWAR AND WFP-GROWTH

WMINSUP Time processing Time processing
%o (MWAR) (msec) (WFP-Growth)
10 185 30
15 222 17
20 114 10
25 107 8
30 139 27
35 140 21

Figure 3: Time processing comparison between MWAR et WFP-
Growth

Time processing comparaison

=
% 300
——_
2 = 200
E £ 100
= a e IMe processing
8 0 (MWAR)
g 10 15 20 25 30 35
o —— Time processing
WMINSUP %

(WFP-Growth)

V.CONCLUSION

In this paper, we explore the image medical data for extract-
ing useful knowledge. For that we use modified FP-Growth
in order to extract weighted association rules. All data in
medical images database aren’t the same importance. Some
of them are more important and others are less important.
Items in the medical  databases aren’t the same importance.
To address this problem we extend the concept of association
rule using weighted model, where each items have a defined
weight. We give importance to the items of the data medical
image. Items “Benign” has the high weight and the item
“normal” has the low weight. So we introduce the
weighted itemset in FP-Growth algorithm. Some interesting
results were obtained by our  algorithm and solved the ex-
cessive uninteresting rules to some extent. In the experiments
we observe that WFP-Growth outperform MWAR in time
processing.

Future work will be directed toward the use of suitable struc-
ture to overcome the drawbacks of FP-Tree space limit. And
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in order to reduce the association rules and expose only the
interesting ones we can extend our work by classifying the
association rules extracted from WFP-Tree.
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Résumé—Une des considérations la plus importante pour un
touriste dans le tourisme est de savoir comment concevoir une
planification de voyage optimale. La Sélection des sites
touristiques les plus intéressants et la préparation d'un itinéraire
personnalisé optimale se base sur une maximisation des facteurs
de préférence des touristes tout en respectant la contrainte de
temps . Ce probleme s’appelle le probléme de planification
touristique. Il peut ére modélisé sous la forme d'un probléme
d'orientation. Pour résoudre ce probleme on a utilis¢ des
techniques d'optimisation combinatoire métaheuristiques.
L'objectife de cet article est de résoudre le probléme avec
I’Algorithme Génétique. Les résultats obtenus sont discutés et
comparés avec d’autres résultats connus de la littérature.

Mots clés: Probléme de Planification Touristique, Algorithme
Génétique, E-Tourisme, TIC.

|. INTRODUCTION

La contribution des technologies de I’information TIC et
de la communication fait évoluer le tourisme le e-tourisme , et
facilite la planification des voyages des touristes afin de les
aider a trouver leur itinéraire de fagon optimae

Un itinéraire d'un voyage touristique est le plan pour visiter
certain sites touristiques en ville ou une région géographique
pendant une période limitée, dans le temps. En générdl, le
circuit contient une liste de sites a visiter qui sont classés en
fonction des criteres. Chaque visite a un début , une fin, une
durée, une courte description de sites, etc. En outre, un itinéraire
d'un voyage pourrait inclure une carte avec des informations
nécessaires pour visiter les sites.

Habituellement, il pourrait y avoir un nombre élevé des sites
touristiques dans une ville ou région qui pourraient
potentiellement étre visité. Néanmoins la durée du voyage est
généralement limitée a quelques jours, et par conséguence, un
sous ensemble des sites peut étre visité. De plus, les touristes
ont souvent des préférences des types par exemple, monument,
chateau, statue, etc. et des catégories par exemple
architecturales, de l'archéologie, de la nature, etc.
Ce probléme s’appelle le probleme de planification du voyage
touristique.

En généra, le probleme de planification du voyage
touristique [1]. tient compte d'un certain nombre de point

BELKADI Khaled 2
Laboratoire LAMOSI, Département d'l nformatique

Faculté des Mathématiques et Informatique, USTOMB,

31000 Oran, Algérie,
2 belkadi1999@yahoo.com

d’intéré POl dans une ville ou région. L'objectif est de
préparer un itinéraire qui comprend des visites aux POIls qui
répondent, en une grande partie aux préférences des touristes.
En fonction des types, des caractéristiques ou des contraintes a
étudier pour le probléme, différentes modélisations du probléme
de la littérature pourraient étre utilisées pour modéliser le
probléme de planification de voyage touristique. Le probléme
d'orientation OP [2] et le probleme d'équipe d'orientation
TOP[3] sont utilisé s pour modéliser des itinéraires uniques et
multiples respectivement. L'OP avec un temps de fenétre
OPTW [4] et TOP avec Time Windows TOPTW [5]
permettent la modéisation des heures d'ouverture et de
fermeture de POI, aors que le multi-contrainte TOPTW
MCTOPTW [6] permet de respecter des contraintes
supplémentaires pour I'itinéraire, tels que le budget maximal, ou
le nombre maximum de points dintérét de certain type par
exemple chéteau, etc. pour étre visité. L 'OP avec un Hétel de
sélection NSPO [7] permet la sélection d'un hétel  alafin du
voyage de chaque tournée. Golden et al. [8] ont montré que
I'OP est un probléme NP difficile, et de nombreux chercheurs
ont attaqué I'OP et ses extensions en utilisant différentes
approches des métaheuristiques. Vansteenwegen et a. [9] ont
discuté des approches les plus efficaces qui résolvent I'OP et ses
extensions respectives.

Le but de cet article est de présenter un Algorithme
Génétique pour résoudre le probléme de planification du
voyage touristique en maximisant le facteur de préférence d'un
touriste aux POIs et en tenant compte de la contrainte de temps
limité.

Lasuite de cet article est organisée comme suit: la Section |1
traite I'état de I'art des différents algorithmes utilisés dans la
littérature et qui traitent les problémes OP, TOP et TOPTW. La
section |11 présente la modélisation mathématique du probléme.
La section 1V présente la solution proposée. La Section V
donne les résultats expérimentaux obtenus et la section VI
présente la conclusion et quel ques perspectives.

Il. ETAT DEL'ART
Il existe de nombreux algorithmes qui traitent I'OP, ou TOP
et TOPTW et qui sont discutés dans la littérature. Ces
algorithmes pourraient étre également appliqués pour le
probléme de planification de voyage touristique. La recherche
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Tabou RT résout efficacement TOP et elle est présentée dans
[20]. Un autre algorithme basé sur la Recherche Locale guidée
GLS|[ 11] peut résoudre le probléme TOP et elle est élaborée
dans[12].

Un agorithme basé sur la méthode Locale a Voisinage
Variable VNS [ 13], est présentée dans [14]. Dans [15], un
algorithme simple qui appartient a la famille de Recherche
locale Itérée ILS[ 16] est présenté avec la procédure GRASP
[17] et qui est utilisée pour résoudre le TOP dans[18].

Souffriau et al. [19] étendent le probleme MCTOPTW ala
MCTOP avec un temps fenétre Windows MCTOPMTW, ol
plusieurs travaux de POI peuvent étre modélisés. La proposition
approchée pour résoudre le MCTOPMTW est une hybridation
entre ILS et I'dgorithme de GRASP.

Dans [20], ils ont présenté une méthode de recherche tabou
pour résoudre le probleme MCTOPTW et a l'opposé de
I'approche de Garciaet . [6].

Li et al.[21] présentent I'Algorithme I’étiquette de la
correction, Sylggmani et al.[22] ont résolu le probléme avec la
méthode Tabou . ils[23] I'ont résolu avec le recuit smulé.

Il'y a dautres algorithmes présentés pour différents types
de probléme de planification touristique [9].

I11.FORMALISATION MATHEMATIQUE

La formalisation du probleme de planification de voyage
touristique revient ale formuler avec le probléme orientation

OP peut étre formulé comme suit: Soit G =V, E un graphe
d'arcs pondérés avec des profits récompenses ou scores sur
ses neeuds. En tenant compte d'un nceud de départ s, un nceud
terminal t et une durée limitée Cmax , |'objectif est de trouver
unchemindesat ou Tour Si s=t) en maximisant le profit, et
en respectant une durée limitée.

MaxZio' T, pix;, 1

e =5t Xina | 2

M x=2Y, x4< Lpour toutr=2,....,N-1 3

2 X2 xS Cmax
2< u< N, pour tout i=1,2,...... N

4

5
Ui-Uj+1S N -11 -Xij, pour tout I,j =2,...,N 6
7

x; €1{0,1} ,pourtout i,j=1,...,N

Telque: pj est le profit de site | et Xij est définit comme
suit, si le nceud i est suivi par le noeud j nous mettons la
variable xij égaleal sinon égaleao.

La fonction objectif 1 est de maximiser le s profits totaux
des nceuds visités. La contrainte 2 assure que le chemin
commence au nceud 1 et se termine au nceud N.  La contrainte
3 fait en sorte que le chemin commencant au nceud 1 et se
terminant au nceud N ,ils sont connectés et chaque nceud est

visité au plus une fois. La contrainte 4 assure que la longueur
de chemin ne dépasse pas |e temps limité. Enfin, les contraintes
5et6 assurent quil n'y apas des soustours fermés.

Les nceuds sont des sites touristiques et les arcs sont des
routes qui relient les sites et la contrainte Cmax c’est le jour de
lavisite du touriste.

IV.ALGORITHME GENETIQUE
Dans I'Algorithme Génétique GA[24], apres la génération
delapopulation initiale, on ales procédures suivantes: sélection
tournoi, croisement et mutation qui sont exécutées dans une
boucle. L'algorithme sarréte aprés un nombre de générations
fixé.

A.Codage représentation

Les solutions sont codées par la représentation de
permutation [24] qui est utilisée pour chaque chromosome. En
tourchemin de I'OP, les points sont énumérés dans le méme
ordre qu'ils sont visités en conservant les points de début et de
fin pour chague chromosome.

Il est également appelé le chemin ou la représentation de
I'ordre. Un exemple est donné ci-dessous

Fig. 1. Représentation de la permutation

B. Génération de la population initiale

Dans la population initiale, on a créé des solutions ou des
individus rédisables de fagon aléatoirement. La taille de la
population est fixée pour garantir les solutions réalisables. On a
utilisé lafonction de réparation qui est citée dans[24]

C. Calcul dela fonction Fitness

Pour estimer la qualité des solutions, nous avons utilisé la
fonction fitness aussi appelée fonction objectif, puisque notre
probléme est un probléme de maximisation d'un individu x
donné qui est égale ala somme des profits des sites touristiques.
Lafonction Fitness F est formulée comme suit :

Fx= Profit Total x 8

Le profit est une valeur affectée au site touristique, il permet
au touriste de choisir quel sont les sites préférés.

Autrement dit, il représente l'intéré personnel estimé du
touriste au site .
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D.Séection

La sélection par tournoi est I'une des sdlections les plus
utilistes dans les agorithmes évolutionnaires. Le principe
consiste & choisir un sous-ensemble dindividus S individus
aléatoirement dans la population, puis on sélectionne le meilleur
individu dans ce groupe en fonction de sa fitness. Ce processus
est répété jusqu'a l'obtention du nombre d'individus requis

E.Croisement

D'une maniére générale, le croisement consiste a appliquer
des procédures avec une certaine probabilité sur les individus
sélectionnés pour donner naissance a un ou plusieurs

généralement deux enfants. Dans notre cas on utilise le
Croisement par injection et son principe est suivant :

Un opérateur de croisement dinjection modifié [25] est
utilisé dans cette étude pour manipuler le chromosome de
différentes longueurs.On choisit aléatoirement un point
insertion du premier parent d'insertion et une sousliste du
deuxiéme parent. Ensuite, la sousliste est injectée dans le
premier parent apartir point d’insertion.

Les sitesdoublons sont supprimés en dehors de la sous-liste
pour obtenir un enfant.

Ensuite cet enfant est adapté sur la taille du premier parent.
L'exemple de la figure 2 il illustre la représentation du
croisement on rappelle que les points début et fin sont fixés

Point insertion
Parent 1 1 3 a b) 6
Sousliste
[
Enfant avant suppression du doublon
1 3 7 3 2 6
Enfant final 1 7 3 2 6

Fig. 2. Représentation du croisement

F. Mutation

a Opérateur échange swap

Le dernier opérateur génétique est la mutation. Le rle de la
mutation dans un GA est daugmenter la diversité génétique
dans une population. Avec |'opérateur échange deux sites dans
la route sont choisis au hasard puis leurs positions sont
simplement inversées Dans I'exemple de lafigure 3 les sites 3 et
7 sont échangés

7 '3 2 6

1 3

Fig. 3. Représentation dela Mutation avec I’opérateur d’échange swap
b Opérateur Insertion

On gjoute le site tourigtique qui donne le meilleur profit en
respectant une contrainte. Dans la mutation d'insertion, un site
est inséré dans un tour chemin seulement sil n'est pas d§ja
présenté.

Si deux sites sont égaux méme profit on gjoute le site qui
donne moins de distance la longueur de tournée est minimale
par rapport aux autres sites

I___-I
1 R :

Fig. 4. Représentation delaMutation avec I’opérateur d’insertion
G. Remplacement élitiste

L'élitisme est une fagon de protéger la rémanence de bonnes
solutions et d'assurer leur survie tout au long de la recherche.
Cette sélection a l'avantage de permettre une convergence plus
rapide des solutions.

V. RESULTATS EXPERIMENTAUX

L'algorithme est développé en Java et |'éditeur Eclipse. Les
expériences sont effectuées en utilisant une machine avec un
processeur 2,5 GHz Intel Core Duo avec un systéme
d'exploitation Windows 7 et 2 Go de mémoire RAM.

Les paramétres de L'algorithme génétique sont :
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GA

5 10 10 10 35

10 15 15 15 50

15 45 45 45 60

20 65 65 65 85

25 90 90 90 105

30 110 110 110 130

35 135 135 135 150

40 150 155 155 165

46 175 175 175 185

50 130 190 190 195

55 205 205 205 210

60 220 225 225 225

65 240 240 240 220

70 255 260 260 240

73 260 265 265 255

75 270 270 270 260

80 275 280 280 270

85 280 285 285 275

GA
15 120 120 120 220
20 190 200 200 250
23 205 210 205 270
25 230 230 230 310
27 230 230 230 330
30 250 265 265 365
30 250 265 265 365
32 275 300 300 375
35 315 320 320 405
38 355 360 360 440
40 395 395 395 450
40 395 395 395 450
45 430 450 450 450

GA
15 100 170 170 240
20 140 200 200 310
25 190 260 250 370
30 240 320 320 400
35 290 390 390 440
40 330 430 420 460
45 370 470 470 500
50 410 520 520 520
55 450 550 550 530
60 500 580 580 590
65 530 610 610 590
70 560 640 640 630
75 590 670 670 660
80 640 710 700 680
85 670 740 740 690
90 690 770 770 710
95 720 790 790 740
100 760 800 800 750
105 770 800 800 750
110 790 800 800 770

V1. CONCLUSION

La principale contribution de cet article est I'introduction
d'un algorithme de planification de voyage touristique qui est
comparable au probléme bien connu et qui est le probléme
d'orientation.

Nous avons proposé l'algorithme génétique GA pour
résoudre e probleme.

La performance de I'AG a été testée par des expériences qui
ont donné des solutions équivalentes a ceux delalittérature .

Dans les travaux futurs nous alons essayer daméliorer la
qualité de la solution par I'gjout d'un algorithme local, ainsi que
I’affichage des itinéraires des touristes sur les sites web ou bien
sur Google map par le biais des Systems d’information
géographiqueSIG
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Abstract—Texture is a very important visual attribute in
images. Moreover, classification and retrieval based on texture
are very active topics among the research community. In this
paper, we propose modified third statistical moments
(Skewness) as a feature for wavelet sub-bands coefficients, for
that purpose. Mainly, the proposed modification consists in
calculating the skewness around the energy of each sub-band
instead of the mean. We argue that this modification has
important positive impact on retrieval accuracy. The
experimentations are conducted with Haar basis wavelet, with
different levels and with three distance metrics namely,
Manhattan, Canberra and d1, using the Outex_TC_00000
database. Results show clearly that the proposed modified
feature improves the discrimination power of the discrete
wavelet in the context of image search/retrieval.

Keywords—CBIR; image retrieval; discrete wavelet; Haar
basis; statistical moment; skewness

I. INTRODUCTION

The retrieval of images based on their contents (CBIR:
Content Based Image Retrieval) is a challenging task due to
high diversity of images and especially ones uploaded on
the network by different users from different localities.
CBIR appeared in the early of the 90s as an alternative for
the already existing approach based on the keywords (TBIR:
Text Based Image Retrieval), which suffers mainly from
two serious drawbacks: the hardness of the annotation,
especially for large databases, and the subjectivity of the
attributed keywords.

Mainly, Color, Texture and Shape are the visual attributes
the most studied and exploited ones. Wherein texture taken
a large part thanks to its existence in the most objects and
images, which qualify it as a ubiquitous property. However,
texture is confronted with the difficulty to come up with a
formal and precise definition. Consequently texture became
a big challenge for the researchers. Generally, the existing
method dealing with this attribute can be categorized into

boucheham_bachir@yahoo.fr
b.boucheham@univ-skikda.dz

belaoued.mohamed@gmail.com
m.belaoued@univ-skikda.dz

one of the three following categories: spatial, frequency and
spatial-frequency domain. For instance, the renowned
method “Co-occurrence Matrices” of Haralick ef a/ [1], and
also the interesting “Local Binary Patterns” (LBP) of Ojala
et al [2] are both acting in the spatial domain. Later, the
LBP method has known many improvements, such as
ILBP[3], LDP[4] and EILBP[5]. The published method of
Zhou et al [6] which uses the Fourier Transform is an
example on the frequency methods. In the spatial-frequency
category, we find a set of fascinating and sophisticated
methods, which are based on the transformation of signal to
a set of wavelets using the scaling and shifting of a specific
wavelet called the mother wavelet. Indeed, many types of
wavelet are proposed, and exploited in computer vision
realm, specifically in texture-based image retrieval and
classification. For instance, Lonnestad [7] used Haar basis
based wavelet for texture classification, and the Daubechies
basis are also used by Moghaddam ef al/[8] for image
retrieval, and also the Gabor filter [9].

In this paper, we are interested by texture feature extraction
using discrete wavelet based on the Haar basis. Thus, we
proposed a modified third statistical moment (skewness),
which will be used with two other existing measures for
each wavelet sub-band. The conducted experimentations,
showed improvements on the results compared to some
existing methods based on average precision. This proves
that the modified skewness brought new discriminate
information.

The remains of the paper are organized as follow: in the
next section, the discrete wavelet transform (DWT) and its
pyramidal decomposition form [10] are presented in the 1%
sub section, then the related works in the feature extraction
and image classification/retrieval topics are addressed in the
2" sub section. In the section 3, the proposed method is
presented. The experimentation are shown in the 4™ section
and discussed in the 5™. And finally we conclude this paper
in the 6™ section.
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Fig. 1. Pyramidal decomposition. (a): detailed description of 1-level
decomposition, (b): 2-levels decomposition.

Fig. 2. Pyramidal decomposition using Haar Basis. (Top): the original
image, (Bottom): 2-levels decomposition.

II. WAVELET TRANSFORM

A. Discrete Wavelet Transform (DWT)

For presenting the wavelet transform, two functions
should be first presented; the first is the scaling function,
usually noted by ¢ and defined as follows:

P(x) =2 h(k)p(2x - k) ()
The second function is the mother wavelet, usually noted

by w and related with the scaling function ¢ by the
following equation:

w(x)=~2Y gh)p2x-k) @)

Where

g(k) = (=1)" h(1-k) 3)

A Fast Wavelet Transform algorithm is proposed by Mallat
[10], which based on a pyramidal decomposition using
quadrature mirror filters. To decompose a bi-dimensional
data as the images, first, the decomposition is applied on the
image rows (horizontal direction), then, the columns
(vertical direction) as shown in Fig. l.a. the second
execution (level 2) of DWT is performed on the image
approximation (LL sub-band) obtained from the first level,
this yields to 7 sub-bands, as shown in Fig. 1.b. if more
decompositions are needed, again the image approximation
(LL2 sub-band) is used. Generally, the number of channels
obtained from L decompositions in DWT is 3 xL+1.

The Haar basis wavelet is the earliest type of wavelets
and the simplest one, proposed in 1910. Let c; be a vector
representing the signal to decompose at the i" resolution, H
and G are the low-pass and high-pass filters respectively, so
the signal at the resolution (i-1)" is calculated as follows:

C,;l[k]:ZH[n—Zk]*c[[n] 4)

di—l[k] = ZG[H—zk]*Cl[I’l] (5)

Commonly, the values of the low-pass filter for the Haar

wavelet are H[0]=H[l]= y in the other hand, the
V2
component values of the high-pass filter are G[0] = %/5

and G[1] = _%/5 . In the Figure 2.b, we show an example

of the 2-levels decomposition using Haar wavelet of the
image 2.a.

B. Related Works

Images retrieval and classification based on texture using
the wavelets have known many contributions since the early
years of the 90s. For instance, Laine and Fan [11] compared
the energy and the entropy measures for texture
classification and they found that the first performed slightly
better than entropy signature computed from the same
wavelet packets. The averaged 1; norm energy is proposed
by Chang and Kuo [12] as criterion to decide whether a
decomposition is needed for a specific wavelet packet, in
order to create the tree-structured wavelet transform. Pichler
et al [13] proposed the variance as a criterion to decide
whether a channel is decomposable or not for texture
segmentation purpose, and they found that this criterion is
poor one.

Porter and Canagarajah [14] combined the two diagonally
opposite wavelet channels (LH and HL) in each
decomposition level in order to achieve rotation invariance.
The averaged 1, norm energy is used as feature measure.

The wavelet packet transform is used by Manthalkar et al
[15] for texture feature based image classification. In their
work, the authors calculated the features of HL and LH sub-
bands using the averaged 1, norm energy of channels and an
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introduced standard deviation (calculated around the
energy). Then, the features extracted from these two sub-
bands are averaged to get one feature rotation invariant. For
the scale invariance they used the DFT on these two feature
vectors (mean and standard deviation).

To lead to the rotation invariant features using Gabor
wavelet, Zhang et al [16] normalized the feature vector (the
feature vector is composed of the mean and standard
deviation of different maps at different scales and rotations)
by a circular shifting of feature vector elements such that the
first features are those of the map which given the highest
energy among all orientation (i.e. the energy is calculated
for each orientation). The orientation with highest energy is
called the dominant orientation/direction. Later, this method
is experimented successfully on large database (4032 rotated
textures derived from 112 textures) by Arivazhagan et al
[17] and also compared against other methods.

A combination of different features for texture
classification is proved experimentally that it gives better
results by Arivazhagan and Ganesan [18]. In their work,
they compared the statistical features, co-occurrence
features and the combination of them, and they conclude
that the combination of the features improves the
classification rate.

Jiang et al [19] proposed the creation of a new sub-band
from vertical and horizontal sub-bands to yield a rotation
invariant representation. The energy and high order statistic
(skewness) are the features considered by the authors.
Xin-Wu and Yu-Xi [20] have investigated many features as:
(mean, energy, standard deviation ...) and also
combinations of them. And have found that the combination
of the energy and Kurtosis features gives the best results
using Canberra distance metric.

Li-Wei et al [21] used a dual-tree complex contourlet
transform to transform each image to contourlet domain,
then sub-bands energy, standard deviation and skewness are
calculated. The Canberra distance metric is used to compare
the feature vectors.

III. THE PROPOSED METHOD

From the previously presented related works, we can remark
that the most of the works extract the energy as a feature
since it is confirmed that it is better than the entropy [11].
The others features are the standard deviation and/or
skewness which are considered with a lesser degree. But
none of the previous works gives the attention to the
features themselves with exception of [15], wherein the
standard deviation is calculated around the energy instead of
the mean.

According to our point of view, this manner of calculation
of the features (i.e. calculation around the energy) improves

the discrimination since the average of wavelet coefficients
are close to zero [7], [22]. Following this idea, we propose
in this paper to calculate the third statistical moment (i.e.
skewness, which it is a measure of asymmetry), for each
sub-band, around the energy instead of the mean.

Formally, the skewness for a channel ¢ can be calculated
using the following equation:

PCERVED)
3

skewness' = 6)
N(C)
Where ' is the mean of a specific ¢ sub-band:
S
ﬂ(c) = i (7)

N(C‘)
¢,© is the value of i™ coefficient in the ¢ channel, and
N© is the total coefficients number within that channel.

In this paper, we propose to calculate it as follows:

(e
1
) 3| i

N(C)
E“ is the 1, norm energy of a considered channel, and
calculated as follows:
e

EO—_i 9)
N(C)

So, our feature vector of an image is composed of three
features for each channel, namely, they are : the Energy (Eq.
9), the standard deviation around energy [15] (Eq.10) and
the skewness around the energy (proposed feature, Eq. 8). In
this paper, the HL, LH, and HH sub-bands are considered
(without the approximation image (LL)) from each level.

For example, if we decompose an image two times
(L=2), we will have 3*L (i.e. 6) sub-bands (without the
image approximation). For each of these sub-bands three
features are extracted: the energy (Eq. 9), the standard
deviation (Eq. 10.) and the proposed skewness (Eq. 8.)
which yields to a feature vector of 18 values.

Szl
std =

N(C)

_ E(C))3

s

(®)

_E(C))2

(10)
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TABLE L COMPARISON OF THE PROPOSED METHOD WITH SOME EXISTING FEATURE COMBINATIONS (K=20)
energy-std(mean) energy-std(energy) energy-std(Energy)-skew(energy)
[15] (Proposed)
Manhattan Canberra dl Manhattan Canberra dl Manhattan Canberra dl
L=2 69.11 72.60 72.62 65.85 77.57 75.65 80.25 80.40 81.2
L= 70.25 76.95 76.67 68.91 80.71 78.58 78.2 82.57 82.67
Wavelet Features Vs ) s )
1 + T T T T
12 td
13 tdM
—4— 2 tdE
—o— I3 E
0% —4— 12 tdE kewE (proposed) | |
—o— I3t kewE (propased)
13t hewh
09
£
T oes—
g

10 12 14 16 18 20

#mageRetrieved

Fig. 3. Comparison of diffrent methods effectiveness, in terms of mean precision.

IV. EXPERIMENTATION

We have conducted our experimentation on a purely
textured database, namely it is the Outex database
(Outex_TC_OOOOOl). This database composed of 480
images, regrouped to 24 classes, with 20 samples in each
class. The images have the size 128x128 pixels, and saved
in bmp format.

For evaluation, the Average Precision (AP) is taken as
criterion. The AP of a specific texture class / of size m
samples is calculated as follows:

3 (k)

AP(1 ) =———— G0
m

Where k is the window size (i.e. the number of retrieved
images), and:
Pl k)= No of Relevant Retrieved Images
’ No of ImagesRetrieved (= k)

(12)

1

http://www.outex.oulu.fi/db/classification/tmp/Outex_TC_
00000.tar.gz

For a comparison purpose, two existing feature
combinations are considered (Table. 1): the first is a
combination of the energy and the standard deviation
(around the mean), this combination is the most used by the
authors in the literature. The second combination is the
energy and the standard deviation (around the energy) [15].
Note that these two feature combinations are extracted from
the same three sub-bands considered in our system, as
presented in the previous section. For the comparison
between the feature vector FV of the query Q and FVp that
of the target image B, three distance metrics are
investigated: Manhattan (Eq. 13), Canberra (Eq. 14) and d,
(Eq. 15).

A, (FV g FVy) = . |FVo i FV,[]

(13)
|V li-F 1]

RO CRY Py I
| FrI-F |

ddl(FVQ’FVB)_Z‘1+FVQ[i]+FVB[i]‘ "

V. THE RESULTS AND DISCUSSION

The Table 1 shows a comparison based on the average
precision (AP) over the considered database in the window
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equal to 20 (k=20 i.e. the number of the retrieved images
equal to 20), using three distance metrics and two different
decomposition levels (L=2 and L=3). So, as we can clearly
see our feature combination gives the best AP (82.57% and
82.67% using Canberra and d; distance metrics,
respectively), followed by the combination of the energy
and the standard deviation around it.

To prove that not only the number of features which
improved the precision, we have added in the graph above
(Fig. 3) furthermore to the two methods compared with, in

the Table. 1. (Green and Red lines). A new combination
which uses three features: energy, the standard deviation
and the traditional skewness (calculated around the mean)
(magenta line). In this graph, the Canberra distance metric is
used. The graph shows clearly that our feature combination
with the proposed feature gave the best AP from the
window 1 (k=1) to 20. The energy and the standard
deviation (around the mean) gave the worst results.

In order to show visual examples on retrieval quality, we
have depicted screenshots of three queries (Fig. 4-6).

Fig. 4. Results obtained by querying with image #243; left: proposed method (precision=12/12), right: energy-std(energy) (precision=11/12).

Fig. 5. Results obtained by querying with image #333; left: proposed method (precision=10/12), right: energy-std(energy) (precision=9/12).

Fig. 6. Results obtained by querying with image #445; left: proposed method (precision=12/12), right: energy-std(energy) (precision=11/12).
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VI. CONCLUSION

In this work, we have proposed an effective modification for
the skewness formula; by calculating it around the energy
instead of the mean since it is known in the literature that
the average sub-bands coefficients is close to zero. The
proposed feature is combined with two existing features
(energy and the standard deviation (around the energy)) for
each channel of the three considered in our system. The
proposed combination showed the best performance against
other existing feature combination in term of the average
precision over the Outex database (outex tc 00000), and
especially using Canberra and d; distance metrics.

In the future, we plan to generalize this manner of
calculation to the fourth statistical moment (Kurtosis), and
also, testing other type of wavelets as the Daubechies
wavelets.
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Abstract

During the last years, several methodologies have been
devoted to develop Service-Oriented Architectures SOA.
Their focus was more on the SOA life cycle and concepts
rather than on the agility adopted largely in software
engineering. In a previous work, we have proposed an
agile approach to develop the SOA solutions with respect
to the agile principles. Thus, we have developed a
framework named FASOAD to implement this approach
and offer the needed functionalities to respect the agile
principles and to allow the evolution of the development
process in case of environment or requirements changes
during the development. This paper demonstrates, by
means of a case study, the practical applicability of both
proposals.

Keywords- SOA; Development; Agile; Framework; SCA;
model; Component.

1. Introduction

Nowadays, the companies’ information system catalogs
list a plethora of applications that need interactions,
mechanisms and integrity to accomplish their businesses.
Service-Oriented Architectures have emerged as a
homogeneous enterprise-wide solution. This solution is
considered as an approach to normalize the software
architecture across the enterprise [1]. Thus, the adoption
of such architectures has raised a plethora of interesting
research challenges that need to be addressed, among
which is the engineering oriented service [2]. Indeed, the
need of methodologies for the implementation of this
architecture is very critical and crucial.

In the literature, methodology proposals for the SOA
development have focused on the implementation of a
solution taking into account the business process level [3].
However, they are costly to use at the expense of the
development speed provided for the adoption of SOA.
Also, agile methods mark today a significant success in

Mahmoud Boufaida
Laboratory LIRE, University of
Constantine 2, Algeria
mboufaida@umec.edu.dz

software engineering. This success is essentially due to
their pragmatic approaches. They are iterative and
incremental. They allow the rapid development of
deliverable software. Moreover, they take into account the
changing needs by involving the client throughout the
development cycle [4]. The main theme of agile methods
is to promote and to speed up responses to changing
environments, requirements and to meet deadlines [5].

In previous works, we have presented an approach for
developing SOA solution. This proposal respect both,
SOA concepts and agile method principles [6]. It is
based on an iterative and incremental process that is
composed of six phases which are: analysis of enterprise
business, elaboration of the architecture model for each
business process, identification of the granularity of
business components, development of component
operations, assembling business components, and
assembling business processes.

Our approach exploits the BPMN model Business
Process Modeling Notation to design incrementally the
business processes of an enterprise [7]. Then, the SCA
model Service Component Architecture is used to
describe the business functions of the system as a
reconfigurable assembly of components [8].

The framework FASOAD is proposed to complete the
first proposal by implementing the phases of our agile
SOA approach as a component assembly [9]. This allows
the evolution of the development process to adapt it when
needed. To meet this goal, we have used the platform
FraSCAti [10] to deploy our framework. It offers
management features and a dynamic reconfiguration of a
SCA model. It also helps to support the evolution of the
development process. Thus, our model contains a
monitoring level to capture information exchanged
between the different components of the lower level. The
highest level concerns the presentation. It contains
components offering services to track the evolution of the
different phases of the project.

In this paper both proposals approa ch and framework
are presented by means of a case study. We describe how
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they fit together to develop un SOA solution with respect
to agile method principles.

This paper is structured as follows. First, the case study
statement is presented. Next, a case study development
scenario is described. Finally, some conclusions and
future work are given.

2. Case Study Statement: An SOA
development project in the high education
domain

The information system in the higher education sector
has the particularity where the training management and
research management are the core of its functionalities.
The other functionalities can be seen as a support to
accomplish the main objectives that can be traced in the
human resources, finance, and logistics, etc.

The adoption of recent educational systems like ;
Bachelor, Master, Doctorate and high schools' systems
require universities to change every time their business
processes and legislation to properly adopt these
educational systems. However, this immature adoption
gives to the development of applications that implement
business processes an incomplete need in terms of
software structure and behavior. Thus, after each
development, the customers require other evolutions and
enhancements because they do not know precisely their
needs.

the goal of this case study is to demonstrate practical
applicability of our proposals to develop an SOA solution
in the higher education sector. This allows the sector
actors to express their needs during the development
iterations and allows it to change them after each test of
the developed functionalities. Our proposals offer the
possibility to accomplish this kind of development with
respect to agile method principles like the end-user
involvement throughout the development cycle; and by
implementing the phases of the process development as a
component assembly. This allows the evolution of the
development process to adapt it when needed.

3. Case Study development scenario :

As an example, the training management contains the
following business processes:

e Habilitation of training courses offers.

e Evaluation of training courses offers.

e Management of organizing campaign
admission.

e  Management of students’ admission.

e Management of administrative registration.

e  Management of exams.

of

e Management of international mobility.

For developing this solution, the set of business process
passes through the different components of the framework
in order to reach a solution that respects the customers’
needs.

Management of students Admission
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Figure 1. Management of students' admission model
written using BPMN.
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3.1. Analysis

Using a specific interface, the analysts describe the
different business processes in BPMN model. Figure 1
presents the BPMN diagram of the process ‘Management
of students’ admission’.
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Figure 2. Management of students' admission model
described using SCA.

3.2. Architecture Elaboration

Once the process ‘Management of students’ admission' is
modeled, this component assists the architects to define its
description in the SCA model. This description is
presented in Figure 2.

3.3. Granularity Identification

Once the architecture of the process is described, each
business component is passed to this composite to
determine the components to be developed and the
granularity of each one. For example, the business
component 'Initial review of the application' which is
involved in the process ‘Management of students’
admission' is refined, basing on the fine-grained
components found in the form of an assembly of
components. Figure 3 presents the final architecture of
this business component after research and refinement
iterations.

The fine-grained components are available in the
platform. However, the two components: ’Automatic
preliminary verification of applications’ and 'Verification
of applications‘ have to be developed.

3.4. Development

The descriptions of the components to be developed are
passed to this composite. In our case, the component
'"Verification of applications’ passes in the different
component of this composite to be developed, tested and
approved. The tasks identified for this component are:

e Open a file.
e  Make comments on the file.
e  Enter the evaluation decision

3.5. Components Assembling

This component assists the assembling and the integration
testing of the business components. In our case, the
business component ‘Initial review of the application' is
assembled, configured and tested according to the
available components and those that are developed.

3.6. Business Processes Assembling

In the business level, this component allows assembling
and configuring the business process in which all the
business components are configured, tested and deployed.
In our case, the process ‘Management of students’
admission' is assembled, configured, tested and deployed.
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Figure 3. Initial review of the application model written
using SCA.

4. Conclusions and Future Work

In this work, we have presented the development of SOA
solution according to an agile approach that respects both,
SOA concepts and agile methods' principles. Thus, this
work follows functionalities given by our proposed
framework that permit the evolution of both business
process under development and the development process
adopted when needed.

This work has shown, by means of a case study, how both
proposals fit together to develop SOA solution that
implements the unstable business processes of the higher
education sector.

As a part of the future work, we are developing more
functionalities in our framework. Thus, we are
experimenting more business processes developmenst in
order to refine and validate in depth our proposals.
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Abstract— The incapacitated examination timetabling problem
(ETTP) is the allocation of a set of exams to a limited number of
timeslots in conformity with a set of hard and soft constraints
eliminating room conditions. The aim of our research in this
paper is to analyze the effect of combining different
neighborhood structures. For that, different strategies were
used rather than using each type of neighborhood in isolation, so
as to speed up the exploration of the search space more
effectively and escape from local minima. Simulated annealing
(SA) is used in order to enhance the capability of the algorithm.
The implementation of the algorithm has been experimented on
Carter benchmark datasets. Results showed that exploring
various neighborhood structures with a very good strategy of
combination can jump to distant neighborhood that might be
more promising region. Also, the use of SA can provide a
remarkable improvement on the algorithms related to its
thoroughness of neighborhood exploration.

Index  Terms—  Exam  timetabling,
Neighborhood, Simulated annealing.

Metaheuristics,

I. INTRODUCTION

ETTP is a discrete combinatorial optimization problem
that generates a large interest from researchers in many
different domains specially operations research and artificial
intelligence. This problem is considered as an NP-hard real
world problem for which there is unlikely to be an
economically viable method for finding the optimal solution
within polynomial time [19]. The manual solution is usually
very time consuming, and the solution quality can hardly be
satisfied due to the large size of the problem.

This timetabling problem consists of the assignation of a
set of exams, each taken by a set of students, in a given
limited number of timeslots (periods), in a way that satisfies a
defined set of different constraints.

Two types of constraints appeared in the literature: hard
constraints that should be completely satisfied and soft
constraints that can be broken but it is desirable to satisfy
them as much as possible [29].

Timetable which does not violate any of the hard
constraints is called feasible. The measure of the timetable
quality is calculated based upon an objective function which
represents the violation degree of soft constraints.

, haddadi@yahoo. com?

In 1996, [17] introduced the first incapacitated problem
where room capacity requirements are not taken into account
and no limitation on available seating for each timeslot. These
benchmark datasets were used widely as test beds for the
examination timetabling problem. These datasets are publicly
available and <can be freely downloaded from
ftp://ftp.mie.utoronto.ca/pub/carter/testprob/.

The problem has one hard constraint, where conflicting
exams cannot be assigned to the same timeslot. In addition, a
soft constraint is present to spreading conflicting exams in
such a way as to reduce the number of students sitting exams
in adjacent timeslots, in order to give students more time for
preparation.

Several evaluation functions have been developed for
Carter et al.’s benchmark data sets. The proximity cost
function introduced in [17] was the first objective function
proposed to evaluate the quality of timetables. The maximum
number of timeslots for each data set is predefined and fixed,
but no limitation of seating per timeslot is set. Consecutive
exams either in the same day or overnight are treated the
same, and there is no consideration of weekends or other
actual gaps between consecutive days.

(Burke, and Newall, 2004) [12] presented the problem
description that was widely adopted by most subsequent
research in this area.

For these datasets the problem consists of the following
inputs:

N is the number of examinations.

E; is an examination, i € {1, ..., N}.

T is the given number of timeslots.

M is the total number of students.

C = (c¢ij)n«n s the conflict matrix, where each element
denoted ¢;; , i,j € {1, ..., N}is the number of students
taking examination 7 and j .

o (t, (te {1, ..., T}) specifies the assigned timeslot for
examination k (k € {1, ..., N}).

The formulated cost function is to minimize:

N-1vN .
Yi=1 Xjoi+q Cij Proximity(tyt;)
M

)

47


mailto:meryem.cheraitia@hotmail.fr

Premiére Conférence Nationale sur les Nouvelles Technologies Informatiques (CN2TI’15)

Where:
5 ti—t; i . — .
Proximity(t; t;) :{2 A @)
0 otherwise
Subject to:
Y Yy -yt ) =0,

Where:
t.’ t:) = J 3
y( ¢ ]) {0 otherwise )

Equation (1) represents the objective function that
ought to be minimized. It represents the sum of all
penalties divided by the number of students. The
final result is the average penalty for each student.
Equation (2) represents a proximity value between
two exams.

Equation (3) represents a clash-free hard constraint
so that no two conflicting exams will be scheduled
to the same timeslot.

II. RELATED WORK

Up to date, a wide variety of approaches for solving the
ETTP have been described and discussed in the literature. In
general, no one algorithm will give best results for all
instances. Some algorithms will perform well on one instance
but fail for another.

Graph colouring heuristics as simple and fast technique, is
one of the most popular early approaches [5] [22] [30]. More
general methods are Hyper-heuristics (seen as a heuristic to
choose heuristics) that have received significant attention in
the literature and also shown to be very effective. They search
over (low level) heuristics rather than over potential solutions
[13][31].

Most recent, Metaheuristic approaches have attracted
significant research interest because these techniques can take
into consideration various constraints and are usually able to
generate more satisfactory solutions. These methods are
designed to tackle complex optimization problems where
other optimization methods have failed to be either effective
or efficient. The metaheuristic approach to solve such
problem starts by obtaining an initial solution (Local search-
based Approaches) or an initial set of solutions (Population-
based Approaches) followed by an improvement method(s)
[26].

Local search-based Approaches include Simulated
Annealing [24], Great Deluge [3], TABU SEARCH [21] [24]
[27], Hill Climbing [6], Variable Neighbourhood Search [14]
[24].

Example of Population Based Approaches include
Memetic techniques [4] [2] [1], Bee Colony ([8] [9], [10]),
Genetic algorithm ([11] [23], Particle Swarm Optimization
([34], [7], [18]).

The aim of our research in this paper is the exploitation of
different neighborhood strategies so as to speed up the
exploration of the search space more effectively and escape
from local minima.

a1, METHODOLOGY
1. SOLUTION REPRESENTATION

Solution is represented as a vector of timeslots and each
timeslot is a vector of a set of exams.

Timeslot
T1 ™ ™ T4
e’ el ed eb
> Exams
es ed
e7

Figure 1 : Solution representation

2. INITIAL SOLUTION USING GRAPH COLORING HEURISTIC
Exam timetable without soft constraints can be represented
as a graph colouring model. Vertices in the graph represent
exams, colours represent timeslots and arcs between two
vertices indicate the conflict between exams and weights on
the arcs represent the number of common student enrolled in
both exams. The objective is to find a colouring where no
adjacent vertices having the same colour.

Early approaches for solving graph colouring problem
were focused on Heuristic ordering methods. The main
scheme of these heuristics is to estimating difficulty and
schedule exams one by one, starting with the most difficult.
Different ordering heuristics were developed for the
examination timetabling problem:

» Saturation Degree (SD): Exams are ordered based on
the number of available time-slots for each during
solution construction.

Largest Degree (LD): Exams are ordered based on the
number of conflicts the exams have with the other exams.
Largest Weighted Degree (LWD): Exams are ordered
based on the number of students in conflicts with the
other exams.

Largest Enrolment (LE): Exams are ordered based on
the number of students enrolled in each exam.

Largest Collared Degree (LCD): Exams are ordered
based on the number of conflicts the exams have with the
scheduled exams.

Largest Uncoloured Degree (LUD): Exams are ordered
based on the number of conflicts the exams have with the
unscheduled exams [15].

As simple and fast techniques, graph heuristics in
timetabling had many advantages, particularly when being
used in the initialization process for metaheuristics, or
integrated with metaheuristics methods in various ways.

In order to generate a feasible initial timetable, the
Saturation Degree heuristic is used. In this heuristic, exams
are sorted in ascending order by the number of available
feasible timeslots in the partial timetable at that time. If there
is a tie between exams, exam with more number of students
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involved is timetabled first. Finely exams are assigned into
feasible timeslots that caused the lowest penalty without
taking into consideration the violation of any soft constraints.

3.  NEIGHBORHOOD SEARCH OPERATIONS

Most metaheuristic algorithms work on one single
neighborhood structure. Other metaheuristics, such as
Variable Neighborhood Search (VNS), use a set of
neighborhood operations which gives the possibility to
diversify the search. [32] [33] prove that the utilization of a
more complex neighborhood than the standard single move
neighborhood can yield significant improvements in solution
quality.

In this work, a set of different neighborhood structures
have been employed (adapted from [Abdullah et al., 2007]) to
enhance the search:

N1: Select a set of exams randomly and move each one to a
randomly feasible timeslot.

N2: Select a set of timeslots and displace them to a new
random position.

N3: Select two exams randomly and swap their timeslots.
N4: Select two timeslots randomly and swap their exams.
4. NEIGHBORHOOD SEARCH STRATEGIES

There are many ways to combine different neighborhoods
structures. In this work, we formally used the following
notions which are not completely new :

e S1: Neighborhood sequence: the neighborhood is
composed of chains of moves, each move belonging to a
different neighborhood. The type of the moves at each
step in the chain is fixed, and is based on the order of the
neighborhoods appearing in the sequence.

e S2: Token-ring search: start the local search procedure
with one neighbourhood. When the search ends with its
best local optimum, we restart the local search from this
local optimum, but with the next neighbourhood [20].

e S3: Self adaptive strategy: starts by filling a neighbour
list (NL) with a set of neighborhood operations. During
the search process, one neighborhood operation is taken
from NL and is wused to generate a new
solution. If the new solution is better than the current one,
this approach inserts the neighborhood operation into a
new list known as the winning neighboring list (WNL).
The process is repeated untili NL becomes empty.
(iii) When NL becomes empty, 75 % of NL is refilled
from the WNL list, the remaining 25 % is refilled
randomly, and WNL is reset to zero. If WNL is empty,
then the most recent NL is used again [9].

5. DISRUPTIVE SELECTION

Disruptive selection gives more chances for higher and
lower solution to be accepted. This mechanism allows the

search to attract areas of local minimums. In this work we use
S. This metaheuristic provides the same mechanism that

accept worse solutions with certain probability between [0,1]
-5

if it less than e'T . ¢ is the difference between the penalty cost

of the new and current solutions (i.e. 6 = ANew_Sol) - f(Sol)).

The process is repeated until the temperature Temp is less than

the final temperature 7f [24].

IV. EXPERIMENTAL RESULTS

In order to evaluate the different neighborhood and
strategies of combination, tests were made using Toronto
benchmark exam timetabling problems. The main features of
these instances are reported in Table 1 (number of exams,
students and timeslots, densities, enrolments).

In order to obtain a fair comparison among all algorithms,
we fix an upper bound on the overall computational time
(1800 secs per instance) of each neighborhood operator and
(900 secs per instance) for each strategy by equipping SA
metaheuristic during multiple trials, and we record the best
value found up to that time .

The results obtained from the execution are reported in
table 2 and table 3. The best results stated in the literature for
these instances are highlighted too with some selected
previously proposed approaches for examination timetabling
problem.

Feasible solutions are founded for all trials. From the
results, it turns out that using more than one neighborhood is
effectively better for escaping from local optimum for each
neighborhood. Comparing different strategies of combination,
best performance are obtained using Neighborhood sequence
strategy with SA on all instances.

In comparison with the stat of the art approaches,
acceptable and comparable results were obtained. Noting that
our execution time is very small in comparison with most of
these approaches; which can take more than one hour or more
as execution time for only one run.

The main motivation for considering combination of
diverse neighborhood is related to the diversification of
the search nee de d to escape from local minima and jump to
distant neighborhood that might be more promising region.

As Table 2 shows, this experiment rather demonstrates the
possibility of finding better solutions using Token-ring
search more than other defined strategies. This method gives
for each neighbourhood a chance to explore the entourage
very effectively, and often find the best solution in this
subspace before jumping to another subspace with the next
neighbourhood operator.

Table 3 shows the comparison of our results with Carter et
al.’s approaches. Best results are shown in bold. As first step
for our research, results are acceptable indeed. Furthermore
this first step is simple enough to be easily implemented and
can be readily hybridized with any other meta-heuristics to
produce a better solution quality.
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Data set | Exams Students Time slots Conlflict density
CAR-F-92 543 18419 32 0.14
CAR-S8-91 682 16 925 35 0.13
EAR-F-83 189 1125 24 0.27
HEC-S-92 80 2823 18 0.42
KFU-S-93 461 5349 20 0.06
LSE-F-91 381 2726 18 0.06
PUR-S-93 2419 30 032 42 0.03
RYE-S-93 481 11483 23 0.07
STA-F-83 138 611 13 0.14
TRE-S-92 261 4360 23 0.18
UTA-S-92 638 21267 35 1.13
UTE-S-92 184 2750 10 0.08
YOR-F-83 180 941 21 0.29

Table 1. Characteristics of benchmark exam timetabling

problems
hecs-921 sta-f831 tre-s92 uta-s921 utes-92 yorf-831
N1 13.54 165.14 10.57 5.16 30.49 44.52
N2 12.14 159.62 10.38 4.45 33.14 44.59
N3 15.10 169.05 10.70 5.14 31.96 47.10
N4 11.91 159.55 10.50 4.45 33.14 44.39
S1+SA 11.37 157.57 9.55 4.40 27.95 40.66
S2+SA 11.16 157.54 9.43 4.14 27.19 40.46
S3+SA 11.34 157.93 9.58 4.45 28.50 40.50
Table 2. Comparison between different strategies
hecs-921 sta-f831 tre-s92 uta-s921 utes-92 yorf-831
S1 11.37 157.57 9.55 4.40 27.95 40.66
S2 11.16 157.54 9.43 4.14 27.19 40.46
S3 11.34 157.93 9.58 4.45 28.50 40.50
[28] 11.5 157.8 84 34 272 39.3
[27] 10.52 157.29 8.71 3.71 25.18 39.08
9] 10.43 157.06 8.00 327 25.16 35.58
[25] 10.39 157.05 8.51 3.63 24.87 37.15
[16] 11.11 157.64 8.27 3.33 26.18 37.88
Best 9.2 157.03 7.72 3.13 24.4 34.78

Table 3. Comparisons between our results with Carter et
al.’s approaches

V. CONCLUSION

This is only a step toward a full understanding of the
capabilities of neighborhood strategies to speed up the
exploration of the search space and escape from local minima.

We have analyze the effect of combining different
neighborhood structures completely general, a comparison of
these techniques on Toronto Benchmark datasets showed that
exploring various neighborhood structures with a very good
strategy of combination can jump to distant neighborhood that
might be more promising region. Also, the use of SA can
provide a remarkable improvement on the algorithms related
to its thoroughness of neighborhood exploration.

This paper is the first step of our research on the problem
of examination timetabling. An analysis phase of these
approaches was conducted to explore the following points in
future work:

e These neighborhood operators can be plugged into any
metaheuristic giving rise to a very large local search.

e Favoring a diversification of the search to speed up the
exploration of the search space more effectively and
escape from local minima.

e We followed these results in order to experiment line
of research which would have been entirely based on
local search where it’s most critical features is the
definition of the neighborhood structure.

e For examination timetabling problem, there is a very
large number of different neighborhood structure that is
sufficiently natural and intuitive to deserve systematic
investigation.
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Abstract:

This paper deals with the Nurse Scheduling Problem
(NSP) that is a particular timetabling problem. It‘s the
process of constructing a schedule that satisfies the
requirements of the institution and personnel
preferences while meeting a number of soft and hard
constraints;

We propose a multi-start greedy constructive heuristic
approach, it consist mainly of three phases, the first is a
preprocessing to generate possible shift patterns ,the
second is applying a constructive heuristic to generate
an initial solution; finally, an improvement heuristic is
used if the constructed roster from the second phase is
not feasible. After a number of iterations without
improvement we stop and get the best solution find.

Index Terms: Nurse rostering, personnel scheduling,
combinatorial optimization, timetabling, metaheuristic,
heuristic

[.INTRODUCTION:

The NSP is an optimization problem or
constraint satisfaction problem where each nurse is
assigned to one shift per day according to their skill
level in order to meet the minimal coverage
constraints taking into account both hard and soft
constraints where the goal is to satisfy the nurses’
preferences as far as possible and to minimize the
soft constraints violations costs. [4], [2].

The problem that we deal with is based on the
model proposed by (Vanhoucke and Maenhout
2007)[20] that is an artificially generated instances
of the nurse scheduling problem including two type
of data, the first is the set of nurse scheduling
problem instances that represent the problem size,
minimal coverage requirements as hard constraints
and nurses preference as soft constraints (the
smallest value is the most preferred) and the second
file contain different sets of case-specific constraints
that represent the time related or horizontal hard
constraints that are

¢ Minimal and maximal number of
assignment per period.

¢ Minimal and maximal number of
assignment per shift

¢ Minimal and maximal number of
consecutive working shifts

e Minimal and maximal number of
consecutive same working shifts

»  We have also another hard constraint that
is the forbidden successive assignments but
this constraint does not exist in the
database but is used by several authors and
it’s inherent to personnel scheduling
(forbidden successive assignments between
night and early, night and late and late and
early).

The IP model formulation proposed by (Maenhout
& Vanhoucke ) [17].

Problem size:
N=set of nurses (Ni i€ {1..n})
S= set of shifts (Sj j € {1..s})
D= set of days (Dk ke {1..d})

Parameters:

C jx = minimal nurses required on shift j of day
k.

P ijk= preference cost of nurse i, working on day
jinshiftk

P il= total preference cost of nurse i working
shift pattern 1

F(i) = set of feasible shift patterns for nurse i
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The decision variables:

1, nurse i work shift pattern 1
X . / p
1 =
0. otherwise
a Jkl 1, pattern 1 covers shift j on day k

0. otherwise

The objective is to minimize the following
function that corresponds to the violation of the soft
constraint:

n_ ()
Zpﬂxi, —  min!
i=1 I=1

Subject to

inl
leF)
n_Jfi

Zajklxil
i=1 =1

=1 Vi

V), k

ZCy

II. RELATED WORK

In the last decades the nurse scheduling problem
has received extensive attention hence an extensive
overview of the problem descriptions and models
can be found in literature, most research papers
corresponding to the personnel scheduling
(scheduling) vary drastically subject to a huge
variety of constraint [5]

Enormous techniques are used to model and
solve the nurse scheduling problem; generally two
methods are applied:

- Exact method (exhaustive) that explores the
search space as a whole to find the optimal
solution if it exists otherwise prove the
inconsistency of the problem.

- approached method (approximate)
explores a subset of the search space

that

The exact method that is found in abundance in
the literature are linear programming (Thornton and
Sattar 1996) [6] and (Trilling et al 2006) [7], and
Branche & price by (Maenhout and Vanhoucke
2007) [8].

Unfortunately these exact methods are only
efficient for small size problems that give a great

success, but for large size problems, approached
methods are more preferred to find approximate
solutions with a reasonable calculation time.

Among these methods there are IA Method,
Heuristic, Metaheuristic.

the most common Al methods representation are
logical programming where the logic used to
represent knowledge and permit to deduce new fact
from old facts through rules of inference
furthermore there are also rules based programming
where every constraint represents a rule in this ways
(Li et al 2003) [9] and (Cheng et al 1996) [10]
proposes a constraint programming; Furthermore,
(Okada & Okada 1988) [11] and (Chen & Yeung
1992) [12] proposed an expert System.

Other approaches like Heuristics are conceived
for particular optimization problems permitting to
find feasible solutions with an acceptable calculation
time translating a strategy or a manner to think,
generally the heuristic don’t guaranteed optimality;
they developed to generate cyclic planning; as used
by (Smith and Wiggins 1977) [15] and (Bilgin et al
2009)[13].

more recent paper use métaheuristic to tackling
the problem, it’s a general heuristic that can be
applied to several optimization problem it offer an
acceptable solution for complex problem in a
reasonable computational time, for example there
are tabu search (TS) as used by (Bellatni et al
2001)[23], and (Ramli et al 2011) [24], and
simulated annealing (SA) proposed by (Bai et al
2010) [14], TS and SA are based on single solution,
There are also Genetic algorithm(GA) like used by
(Aickelin & Dowsland 2000) [16] and (Maenhout &
Vanhoucke 2008) [19], And bees Colony(BC) as
proposed by (Todorovic & Petrovic 2013) [25],
(GA)and (BC) are métaheuristic based on
population solution.

A General outline of nurse rostering problem can
be found in (Cheang et al 2003) [3] and (Burke et al
2004) [2]. Or more generally staff scheduling by
(Ernst et al 2004) [1].

III.PROPOSED APPROACHES:

We propose a multi-start greedy constructive
heuristic approach, it consist mainly of three phases,
the first is a preprocessing to generate possible shift
patterns ,the second is applying a constructive
heuristic to generate an initial solution; finally, an
improvement heuristic is used if the constructed
roster from the second phase is not feasible.

a. Phase I:

To relax the problem constraints we apply a
preprocessing to generate a set of possible shift
patterns for all nurses (nurse have the same set of
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shift patterns because no difference between them
they have all the same skill level) by creating all
possible combinations of shifts that satisfy all time
related case-specific hard constraints and prohibited
successive assignments, after this phase we have
only the coverage demand as hard constraint to
satisfy.

When we apply the preprocessing phase problem
data are reformulated by generating a 0 1 matrix
represents feasible shift patterns (ajq) and a cost_
patterns matrix (py) corresponding to the total nurse
preference cost for every shift pattern

Pi = stz1 Zﬁﬂ Pijk 2jk1
b. Phase 2

In this phase we apply a constructive heuristic to
generate an initial solution by assigning the shift
patterns to the nurses to satisfy coverage demands
and minimizing nurse’s preferences.

At each step of the construction process every
shift pattern is evaluated to select the more adequate
shift pattern in a given empty or not yet completed
roster.

firstly we create a new ratio_ patterns matrix
for every nurse corresponding to the ratio between
weight pattern that is the number of shifts covered
by this pattern and cost pattern add with the number
of over load shifts (to minimizing the over load),
weight and over load change iteratively for each step
of the construction process as well as the minimum
coverage demand; only one shift pattern is chosen in
greedy fashion among the set of possible candidates
to be assigned to the nurse having the minimum cost
to construct the solution step by step, if there are
many patterns having the same value we chose one
randomly, when all nurses are affected we stop this
process .

A random multi-start is used to diversify the
solution; the best roster that has the minimum cost
produced after repeated applications of this process
is chosen to be the initial solution.

Weight pattern, over load, ratio pattern and the
new coverage demand are calculated respectively as
follow:

weight_pattern;=

N

d
Z Z min{1, a1 * C,-k}, Lef;

j=1k=1

Over= stzl Zﬂ:l(cjk - ajk1)+ (+ represents the
positive values)
(pj+overy)

ratioj= ————
1™ Weight_pattern;

Ck= max{O, Cik — a]-kl} (New coverage demand
calculated for each step)

c. Phase 3

this last phase is occurred only if the constructed
roster from the second phase is not feasible
(coverage demands are not satisfied), we apply an
improvement heuristic by swapping a partial part of
the solution, whither this part doesn’t change more
than a quarter of actual solution, then we reconstruct
this part by the same process of the second phase as
a feedback bat we haven’t return to an empty roster,
shift patterns selected to be swapped are those
having the maximum over load cost calculated after
a complete solution is built but if there are no more
patterns having over load we chose it randomly.
After a number of iterations without improvement
we stop and get the best solution find.

The solution quality is the sum of the total
preference cost add with the total coverage violation
multiplied for 100 as penalty as used by [Maenhout
and Vanhoucke 2007] [17].

IV.COMPUTATIONAL RESULTS

We discusses results for our proposed approach
performance in solving the NSP Lib benchmark
problems with eight classes of case-specific
constraints combined with three divers set of
problem instance for 25, 50, 75 nurses, each dataset
contains 7290 instances, to construct cyclical
schedules for one week within 100 run for the
constructive heuristic and 10 run for the
improvement heuristic, so we have tested 174960
problem instance!.

Our heuristic is coded in C and Tests were run
on an Intel Core i5 processor 2.40 GHz with 4 GB
RAM and windows 7, 64-bit operating system

Computational results are presented in Tablel
compared with best known solutions find in
literature (results presented in the official web site of
the NSP_Lib benchmark
(http://www.projectmanagement.ugent.be/nsp.php);
where AVG_Pref is the average preferences cost,
%Feas is the percentage of instances for which a
feasible solution has been found among all
instances, AVG_CPU is the average computation
time in seconds (for 1 run).
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N25§ N50 N75
AVG_PREF | %FEAS | AvG_CPU | AVG_PREF | %FEAS | AVG_CPU | AVG_PREF | %FEAS | AvG_CPU
"E CASE1 263,72 86,47 0,09 522,95 86,61 0,59 794,06 86,10 0,65
g CASE 2 252,14 87,56 0,28 500,09 88,57 1,43 771,47 86,64 1,96
E‘_ CASE3 263,72 86,47 0,09 522,95 86,60 1,04 794,07 86,16 1,04
% CASE4 262,38 86,49 0,23 520,68 86,57 0,67 797,28 86,42 2,06
= CASES 277,10 79,84 0,02 546,48 79,55 0,06 830,19 77,67 0,13
g CASE6 253,22 87,42 0,27 502,65 88,48 1,37 796,84 87,47 1,86
CASE7 293,90 72,64 0,01 573,29 71,56 0,02 871,56 72,75 0,03
CASE8 267,82 83,35 0,04 527,97 82,46 0,09 813,88 82,96 0,36
AVG_PREF | %FEAS | AVG CPU | AVG_PREF | %FEAS | AvG_CPU | AvG_PREF | %FEAS | AvG_CPU
@ CASE1 252,76 88,27 0,53 503,80 89,95 1,55 763,78 88,67 2,67
g CASE 2 241,12 88,27 0,45 481,17 90,01 0,96 739,42 87,48 3,75
"g CASE3 269,30 88,01 0,61 530,66 89,19 1,64 803,97 88,08 291
) CASE4 250,75 88,27 0,57 500,16 89,99 1,66 766,92 88,69 3,86
: CASES 266,60 85,84 0,65 528,89 84,87 1,96 803,34 85,88 3,08
] CASE6 242,15 88,27 0,45 483,43 90,00 0,96 764,86 88,71 3,716
= CASE7 284,57 79,90 1,14 557,00 77,60 2,76 849,27 78,72 4,34
CASES8 259,81 85,53 0,38 514,10 85,10 1,23 788,73 85,39 2,25
TABLEl. AVERAGE EXPERIMENTAL TEST RESULTS FOR THE 8 CASE-SPECIFIC CONSTRAINTS

best of several approach counting the

Average solution quality Electromagnetic method by Maenhout and

. 60000 Vanhoucke (2007)[17], Scatter Search by Maenhout

§ 580,00 # and Vanhoucke (2006)[18] and Genetic Algorithms

w 560,00 A fﬂ\ by Maenhout and Vanhoucke (2008)[19], in

E 340,00 3 addition we must noted that some problems instance

& 500 AL‘W%A%Q‘ are not feasible as already noticed by (Flener and

E.l am ~a i Pearson 2012)[21] and (Constantino et a 20131)[22];

g e so we can say that our approach is competitive with

< j‘?ﬁﬁ other approaches and can generate new best

! 1| 2|3l als|s&]|7]¢8 solutions for some instances.
—+—0ur approach | 526,9(507,9|526,9|526,7|551,2(517,5/579,5|536,5
V.CONCLUSION AND FUTURE WORK
—B-Bestsolution |506,7|487,0|534,6/501,3(532,9/488, 6| 563,6/520,8

FIGURE1: COMPARATIVE GRAPH OF AVERAGE SOLUTION
QUALITY FOR THE 8 CASE-SPECIFIC CONSTRAINTS.
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60,00
40,00
20,00

0,00

2 feasibility

Average rate of feasibility

1

213 | 4]|5 & |7 | 8

m Ourapproach

86,3

87,5(86,4|8B6,4|79,0|B7,7|72,3 829

H Best solution

88,9

88,3 (88,4 88,8 |85,5 88,9 78,7 85,3

FIGURE2: COMPARATIVE GRAPH OF AVERAGE RATE OF
FEASIBILITY FOR THE 8 CASE-SPECIFIC CONSTRAINTS.

Figurl and Figur2 demonstrate that our approach

can give

good

solution in a reasonable

computational execution time when compared
against the best solution in the literature without a
large gap, these best results are collected from the

The overall goal of this work was to investigate
a multi-start greedy constructive heuristic to the
nurse rostering problem; Preliminary tests
demonstrate that our approach can give good
solution in a reasonable computational execution
time when compared against other approaches in the
literature.

Our future work will try to investigate a new
intelligent heuristic or metaheuristic as simulated
annealing, tabu search, variable neighbor search and
others to improve our approach, and compare the
results obtained with other approaches, and we will
attempt to investigate the applicability of our
approach on other sets of nurse rostering benchmark
problems.
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Abstract— Magnetic Resonance I mages typically have poorer
resolution. Resolution is for instance a key point in brain
segmentation in Magnetic Resonance imaging. Then, it clearly
appears that improving image resolution is still one of the main
challenges in medical image processing. Super-Resolution
reconstruction produces one or a set of high-resolution images
from a sequence of low-resolution frames. In this paper, we have
summarized the necessary dtatistical theory behind an image
reconstruction, and it discusses the idea of super resolution as
an inverse problem. Moreover, it presents the various
contributions of various techniques to improve spatial resolution of
magnetic resonance images using super resolution methods.
Subsequently, it portrays the major findings pertaining to the study.
Additionally, we give a glimpse of the numerous factorsinfluencing
the performance of super resolution.

Keywords— Super-resolution; Magnetic Resonance Imaging;
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However, contrary to the naive frequency domain
description of this early work, we shall see that, in general,
super-resolution is a computationally complex and numerically
ill-posed problem. All this makes Super-Resolution one of the
most appealing research areas for image processing researchers

(2]

The intention of this article is to pinpoint the Super-
Resolution problem and to clarify the challenges, model and
techniques of super-resolution. We review the various
contributions of various techniques to improve spatial
resolution of images. The organization of this article is as
follows. The second section presents the challenges of super-
resolution. In Section Il we study Super-Resolution as an
inverse problem and address related regularization issues. In
Section IV we analyze the techniques of super-resolution. In

Inverse Problem; Image Reconstruction. Section V we describe the previous research in MRI super-

resolution. Finally, we conclude with a list of challenges to be
I INTRODUCTION addressed in future work on Super-Resolution.
Image processing algorithm performances are often limited
by the image resolution. Resolution in Magnetic Resonance Il CHALLENGES IN SUPERRESOLUTION

imaging (MRY) is limited by hardware, signal to noise (SNR),  Spatial resolution determines how "sharp" the image looks.
time constraints and patients comfort. The current limits in HR ow resolution will give either fuzzy edges, or a pixelly
imagery and high SNR in MRI are not due to the acquisitiomppearance to the image. In MRI, spatial resolution is defined
system resolution, but rather to the acquisition time. Thgy the size of the imaging voxels. Since voxels are three
acquisition times for 3-D HR imaging are impractical for thedimensional rectangular solids, the resolution is frequently
desired T2-weighted contrast. Resolution is for instance a keyffferent in the three different directions. The size of the voxel
point in brain segmentation in Magnetic Resonance imagingnd therefore the resolution depends on matrix size, the field-
To improve image resolution a variety of interpolationof-view (FOV), and the slice thickness. The matrix size is the
techniques are commonly applied resulting in blurrier versionaumber of frequency encoding steps, in one direction; and the
of the original data. In recent years super resolution (SRjumber of phase encoding steps, in the other direction of the
techniques have emerged as an alternative to effectiveljhage plane. Assuming everything else is constant, increasing
increase the resolution of the reconstructed data. The objectidge number of frequency encodings or the number of phase
of SR image reconstruction is to produce an image with gteps results in improved resolution. The frequency encoding
higher resolution using one or a set of images captured fro@epends of how rapidly tHeree Induction DecayRID) signal

the same scene. The basic idea behind Super-Resolution is t§&ampled by the scanner. Increasing the sampling rate results
fusion of a sequence of low-resolution noisy blurred images tih no time penalty. Increasing the number of phase steps
produce a higher-resolution image or sequence. Early works @fcreases the time of the acquisition proportionately. This is
Super-Resolution showed that the aliasing effects in the highwhy images that have fewer phase encodings than frequency

resolution fused image can be reduced (or even completedncodings, e.g., 128x256 or 192x256 will be used.
removed), if a relative sub-pixel motion exits between the

undersampled input images [1]. The FOV is the size of the area that the matrix of phase and

frequency encoding cover. Dividing the FOV by the matrix
size gives you the in-plane voxel size; hence, increasing the
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FOV in either direction increases the size of the voxels and « Blur identification: due to patient movement blurs
decreases the resolution. Decreasing the FOV improves the introduced in the image.

resolution.
. i . . I1l.  IMAGE SUPERRECONSTRUCTION
The depth of the voxel is determined by the slice thickness.

This is almost always the largest dimension of the voxel in 2. Super-Resolution as an inverse problem

imaging. Therefore, the resolution perpendicular to the image |nverse problems deal with finding the cause of some

plane is the poorest. This is related to the maximum strength edsults that is, we have results and we want to find the cause
the z-gradient coils as well as time restraints limiting thehat has produced those results. The term inverse problem
number of slices available. 3-D imaging utilizing phaseconsiders inferring the values of the parameters characterizing
encoding in the z direction is capable of smaller slice thiCkne&ﬁe System under investigation from the results of actual

than 2-D imaging but carries a time penalty proportional to thgbservations. An inverse problem will not satisfy one or

number of slices. more of the well-posed properties. In the context of SR, the
fesults are low resolution (LR) images and causes are high-
solution (HR) images. We have LR images and we want to
d the HR image that has produced the LR images.

Instrumental limitations, signal to noise, and nucleal
relaxation times considerations impose limitations on thé€
maximum feasible spatial resolution. Spatial resolution can b
enhanced by [3]: Inverse problems are often ill-posed, since the process of
computing an inverse solution can be extremely unstable in

*  Decreasing the FOV. that a small change in observed data can lead to a great change

» Increasing the number of readout points. in the estimated model. The condition of stability is often
i ) violated and the problems have to be reformulated for a

» Increasing the number of phase encoding steps. numerical treatment.

Where: Many of the super-resolution (SR) methods are ill-posed

- FOV is limited by gradient strength and subject[>- In this work, we consider regularization of the SR
dimension in the readout direction. reconstruction by utilizing additional information in atlas (prior

knowledge) to compensate for the loss of information.

e The number of readout points is limited by the i ,
transverse nuclear relaxation time (T 2). Extending thd®: Observation model for image
readout period significantly beyond the transverse An observation model describes the process of obtaining an
relaxation time decreases the signal-to-noise ratitR image from an HR image. Fig. 1 illustrates the process.
(SNR) significantly. The maximum theoretical number Low-resolution images (right) are the result of geometric
of readout points is limited by the local oscillator transformation, blurring, and down-sampling of high-resolution
frequency divided by the exciter/receiver register bitimages (left), and the addition of noise.
This limit is impractical since the long acquisition time

decreases the SNR to an unfeasible degree. Though T 2 The observation model can be defined as:

decay is usually the only important limit, the amount of y = DBWx +n (1)
ava|Ia_bIe memory_fo_r_storlng the data also comes up Wherex denotes the HR imagg,is the LR imagen is the
occasionally as a limiting factor. noise,W is geometric transformatiom, is a blur matrixp is

Ehe down-sampling matrix [6]. By assumifig= DBW ,

e The number of phase encoding steps is limited by th . . .
b g step y revious equation can be written as follows:

acquisition time. Increasing the number of phase0
encoding steps increases the acquisition time, y=Hx+n (2)
proportionally. In MRI data, LR voxel valueyf) can be well modeled as

The imaging system presents number of peculiar an@n average of the corresponding HR voxels valugg{:
challenging situations some of which are unique to brain MR 1
oy q Y=t x4 n ®

image acquisition scenario [4].
_ _ ) ) The aim of the SR reconstruction is the evaluation of HR
* Image registration: small image displacements argoxels values X;) from LR voxel value ¥;), It is ill-posed
crucial for beating the sampling limit of the hecause the infinity possible values af)( that respond to
original camera or machine, but the exact mappingsch equation. Additional information is needed to solve this

between these images are unknown. To achieve @fiohlem and find an optimal solution respecting the following
accurate super-resolution result, they need to b@quality:

found as accurately as possible.
. i - . £ = argmin, ||y — Hx||? 4
 Magnetic field variation: when the images are gmin [y I @

aligned geometrically, there may still be significant
magnetic field variation, because of different
voltage levels or machine exposure settings when
the images were captured.
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Noise

Geometric_’ B _’Down- l
Transform U™ sampling

Figure 1. lllustration of the imaging model applied in super-resolution
reconstruction. HR T1-weighted image LR T2-weighted image

. o Figure 3. The Multi-frame SR h
For such an inverse problem, some form of regularization 'gure 5. The Multi-rame SK approac

plays a crucial role and must be included in the cost function to

stabilize the problem or constrain the space of solutions. A very

common used approach is to apply constrains based on tAe Frequency Domain Based Image Super-Resolution
assumption of smoothness of the reconstructed data in the Approach

reconstruction process: The frequency domain approach makes explicit use of the
% = argmin(,|ly — Hx||? + AR(x)) G aliasing that exists in each LR image to reconstruct an HR

Where A is a weight that balances the contribution ofimage. It is an intuitive way to enhance the details (usually the
smoothness and data fidelity terms and R(x) is a regularizatighgh-frequency information) of the images by extrapolating the
term. Popular pixel-based regularizers are Tikhono igh-frequency information presented in the LR images. These

regularization and Markov random field a priori image modefrequency-domain-based SR approaches  have  low
[6]. computational complexny. However, the frequency-domain
based SR methods are insufficient to handle the real-world
IV. SUPERRESOLUTION TECHNIQUES applications, since they require that there only exist a global
In MRI super-resolution, there is two classes of superg'SplaC.emem between the observ_ed |mages_a_1r_1d the linear
reconstruction process: the single frame and multi frame sup pace-||nvar|ant blur dl;”ng hthe tl)mage acquisition pro;}:ess.
reconstruction. Fig. 2 represents the Single Image S ecently, many researchers have begun to investigate the use
techniques aimed at estimating an HR image using only onoef the Wavelgt trarjsform f_or addressing the SR problem to
LR image as input. Fig.3 portrays the Multi-frame gRecover detailed information (usually the high-frequency

; T L : information) that is lost or degrades during the image
technique, where the SR estimation is done jointly using thrormat o .
LR image and a reference HR image. dcquisition process. This is motivated by the fact that the

wavelet transform provides a powerful and efficient multi-scale

In general, the SR image techniques are classified into fouepresentation of the image for recovering high-frequency
classes: information [8]. These approaches typically treat the observed
LR images as low-pass filtered sub-bands of the unknown
wavelet-transformed HR image. The aim is to estimate the
 Interpolation-based approach finer scale sub-band coefficients, followed by applying the
inverse wavelet transform to produce the HR image.

» Frequency domain-based approach

» Regularization-based approach ) ,

B. Interpolation Based Image Super-Resolution Approach
The interpolation-based SR approach constructs a HR
The first three categories get a HR image from a set of Linage by projecting all the acquired LR images to the

input images, while the last one achieves the same objective gference image. Then it fuses together all the information

exploiting the information provided by an image database [5]. available from each image, because each LR image provides an
amount of additional information about the scene. Finally, it
deblurs the image. Note that the single image interpolation
algorithm cannot handle the SR problem well, since it cannot
produce those high-frequency components that were lost
during the image acquisition process. The quality of the
interpolated image generated by applying any single input
image interpolation algorithm is inherently limited by the
amount of data available in the image. The interpolation-based

SR approach usually consists of the following three stages:

e Learning-based approach

LR T2-weighted image

» The registration stage for aligning the LR input
Figure 2. Single image SR framework images.
» The interpolation stage for producing a HR image.

e The de-blurring stage for enhancing the reconstructed
HR image produced in the last step.
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The interpolation stage plays a key role in this framework. V. PREVIOUS RESEARCH
There are various ways to perform interpolation. The simplest Herment et al. [14-15] were one of the first groups to

interpolation algorlthm. IS _the nearest n_elghb_or algor'thmexperiment with SR in MRIs. They combined partial k-space
where each unknown pixel is assigned an intensity value that {52 of the same object but with different frequency domain
the same as its neighboring pixels. sampling boundaries using three successive 3-D MRI volumes.
Irani and Peleg [9] proposed an lterative Back Projectiorf O reconstruct an image using k-space data, their method zero-
(IBP) algorithm, where the HR image is estimated bypads the unknown regions contained in the bounding box from
iteratively projecting the difference between the observed LRhe union of the three k-space data volumes. The shared center
images and the simulated LR images. This kind of method igube portion of the acquired k-space samples is averaged,
easy to be implemented and has the disadvantages of nowhile the remaining exclusive partial volumes of acquired k-
uniqueness, slow convergence, and high computational cospace samples are left unchanged for Fourier reconstruction.
[5]. The total acquisition time of the three 3-D MRI volumes is
o , shorter than the acquisition time of an equivalent 3-D MRI
C. Regularization Based Image Super-Resolution Approach scan with k-space data extending to the bounding box from the
The basic idea of these regularization-based SR approachasion of the three volumes. Their results show anisotropic HR
is to use the regularization strategy to incorporate the pridmagery, but only in the directions shared by the high-
knowledge of the unknown HR image. From the Bayesiafrequency k-space data samples. This makes their method
point of view, the information that can be extracted frommeadily useful for imaging tissues with specific directions such
the observations (i.e., the LR images) about the unknowvas arteries, but not for brain imaging where isotropic resolution
signal (i.e., the HR image) is contained in the probabilityis desired.
distribution of the unknown. Then, the unknown HR image can
be estimated via some statistics of a probability distribution of
the unknown HR image, which is established by applyin
Bayesian inference to exploit the information provided by bot
the observed LR images and the prior knowledge of th
unknown HR image.

Peled and Yeshurun [16] applied the IBP algorithm to a set
f eight spatially shifted LR diffusion tensor images with equal
esolutions and fields of view using 2-D multi-slice
gcquisitions. Diffusion tensor imaging relies on the Brownian
motion of water molecules in brain tissue, which helps
visualize white matter fibers (or tracts) of the brain as a way to

Typically, the SR reconstruction algorithm is an ill-poseddetect strokes [17]. While Peled and Yeshurun claimed
problem due to an insufficient number of LR images and ill+esolution improvement in the frequency and phase encoding
conditioned blur operators. Procedures adopted to stabilize tloirections, their results were subsequently invalidated by
inversion of ill-posed problem are called regularization. Due t&cheffler [18].
an MRF that can model the image characteristics, especially on
image textures, Bouman and Sauer [10] proposed the sin £g
image restoration algorithm using a MAP estimator with th
Generalized Gaussian-Markov Random Field (GGMRF) prior.

Greenspan et al. [19] verified the statements of Scheffler
] by applying SRR techniques to 2-D multi-slice MRI scans.
hey also showed that the SR reconstruction results based on
the Peled and Yeshurun [16] experiments can be replicated
D. Learning Based Image Super-Resolution Approach with zero-padding interpolation from the LR images. The slice

In learning-based approaches, the high frequenc election and phase and frequency-encoding directions of the
information of the given single LR image is enhanced by-R images shared uniformly spaced voxel shifts. Applying the
retrieving the most likely high-frequency information from the 3-D  itérative back-projection algorithm, the frequency

given training image samples based on the local features of t§@ectrum of the HR estimates showed a sharp cut-off in
input LR image. the phase encoded direction. Conversely, spectrum analysis

in the slice selection direction revealed approximately twice the
Datsenko and Elad first assigned several high qualitgxtent of bandwidth, thus providing a basis for SR
candidate patches at each pixel position in the observed LRconstruction in this direction.
image [11]. These are found as the nearest-neighbors in an ) ,
image database that contains pairs of corresponding LR and Consequently, further SR reconstruction experiments of
HR image patches. These found patches are used as the pfSgenspan et al. relied on spatial shifts in only the slice
image model and then merged into an MAP cost function t§€'€ction direction from both real and phantom 2-D multi-slice
arrive at the closed-form solution of the desired HR imageVIR! data. To account for the PSF needed in the iterative back
Recent research on the studies of image statistics suggest tREi€ction algorithm, Greenspan et al. measured the slice
image patches can be represented as a sparse linB file to be well approximated by Gaussian functions,
combination of elements from an over-complete imag¥/here the slice thickness is its full width at half maximum. The
patch dictionary [12-13]. The idea is to seek a spars,@NR per unit acquisition time or SNR efficiency of the LR

representation for each patch of the LR input, followed bymage data sets was greater than the equivalent scan with equal
patial resolution in the HR estimate. It also shows that edge

exploiting this representation to generate the HR output. Bg/, , ; : . .
jointly training two dictionaries for the LR and HR image idth is comparable to the HR image in the slice selection

patches, the sparse representation of a LR image patch cand¥&ction.

applied with the HR image patch dictionary to generate an HR  peeters et al. [20] also considered SR in the slice selection

image patch. direction, but for functional MRI data used in the 2-D multi-
slice acquisition. As opposed to anatomical structures, a
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functional MRI visualizes the temporal activity or Resolution performance limits will have a great effect on the
physiology of the brain, which gives a dynamic time series opractical and theoretical activities of the image reconstruction
3-D activation areas. They used an additive model, computingbmmunity. In deriving such performance limits, one gains
the volume of shared space from any given LR and HR imagesight into the difficulties inherent to super-resolution.

pixels. Carmi et al. [21] explored SR further using 2-D multi-
slice MRI data sets, and recognized emerging problems causgd
by spatially-shifted LR images like those used by Greenspan Eﬁe
al. Their main contribution is a new sampling condition for theFO
LR image that goes beyond MRI and into SR in general. u

Systematic study of the performance limits of Super-
solution would reveal the true information bottlenecks,
pefully motivating focused research to address these issues.
rthermore, analysis of this sort could possibly provide
understanding of the fundamental limits to the Super-
Specifically, they show how a set of LR images with equaResolution imaging, thereby helping practitioners to find the
sampling periods and uniform spatial shifts can propagateorrect balance between expensive optical imaging system and
localized spatial errors globally to all the pixels of the HRimage reconstruction algorithms. Such analysis may also be
estimate during the SR reconstruction process. They also sh@hirased as general guidelines when developing practical super-

that in fully-determined SR scenarios, pixels of the HRresolution systems.

estimate may remain unresolved despite the absence of any
errors. If input errors are limited to some physical location such
as scanner vibrations or non-rigid motions of the object, then ji]
may be desirable to keep this spatial error localized.

. . . I:\[2]
This means that any pixel from the estimate of the H

images should be expressed by only a small combination of
neighboring pixels in the LR images. In other words, each royg)
in the inverse of the E & F matrix, when non-singular, would
only have a small number of non-zero entries. While a smal#]
support region of the PSF equates to a small number of HR
pixels expressed in the linear combination of any pixel in the
LR images, it does not, however, guarantee sparsity for ifs!
inverse.

Rahman and Wesarg [22] employed the SR reconstructidfl
for cardiac MR images. The cardiac images are highl
anisotropic (1.5mm x 1.5mm x 8mm) and valuable informatio 7]
is missed along the slice-selection direction because of the poor
resolution in that direction. They adopt exploit the equivalencgg]
between MRF and the Gibbs distribution to express th
probability distribution of the prior. They employ a Bayesian
approach for maximizing the posterior probability. In their[g]
work, they show the improvement of the quality of the
reconstructed images after combining short-axis and long-axig0]
cardiac MR images by applying an SR algorithm.

VI. CONCLUSION [11]

In this work, the challenges of super-resolution are
presented, the current state-of-the-art in SR imaging techniques
was reviewed. The SR as an inverse problem was alsme]
presented. The observation model for SR images was
established. The chronological development of methods in this
area was studied. Also, the limitations and drawbacks of the§€!
techniques were portrayed. Previous SR research in Magnetic
Resonance Imaging was also reviewed. [14]

In this paper, we presented only a few methods and insights
for specific scenarios of Super-Resolution. Many questions still
persist in developing a generic Super-Resolution algorithm
capable of producing high-quality results on general imaggs
sequences. In this section, we outline a few areas of research in
Super-Resolution that remain open. The types of questions to
be addressed fall into mainly two categories. The first concerns
analysis of the performance limits associated with Supef6]
Resolution. The second is that of Super-Resolution system
level design and understanding. A thorough study of Super-
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Abstract— During software maintenance, changes are often
introduced to fix bugs, accommodate new requirements or
improving performances. Understanding the impact scope of
changes must be undertaken prior to estimating the effort
required. However the implementation of a single change can
impact many parts of the system. The high cost of maintenance
leads researchers and professionals to the investigation of
change impact analysis approaches which can reduce the
maintenance cost each time the software system evolves. This
article aims at providing an exploratory study of existing
software change impact analysis approaches while describing
the techniques used, the advantages and the limits of each type
of approaches.

Keywords— Software maintenance; software evolution;

change impact analysis approaches.

. INTRODUCTION

Changes play a central role in software evolution. In
order to automate daily tasks and to remain competitive, the
companies must install multiple software tools such as ERP
(Enterprise Resource  Planning), CRM  (Customer
Relationship Management), Workflow systems, etc. These
systems do not meet all the needs for the company and many
other applications or software systems are also developed.
These software systems are frequently modified for various
reasons: to correct anomalies, to answer new requirements or
to improve the performances. Independently of its causes, the
changes within a software system are generally not limited to
one component only but they can propagate towards several
other software components of the system. This is called,
"Ripple effects" [24]. So change impact analysis is the
determination process of the set of software artifacts likely to
be changed each time one artifact has been modified [18].

When changing software, impact analysis is required to
preserve the quality of the whole system [15] . However,
making software changes without visibility of their effects
can lead to bad estimations, delay in release schedules,
degradation in software design, unreliable software products,
and premature retirement of the software system [8,18].

The high cost of maintenance imposes that research and
business investigate the field of change impact analysis
which aims at averting avoidable changes, capturing change
effects in early stages and rendering possible prediction of
future effects from past time experiences [5].

Several approaches were proposed to evaluate the change
impact while being often based on the analysis of the

Lebsir Rabah
Constantine 2 University
Constantine, Algeria
r.lebsir@gmail.com

dependency graph or on the traceability relations between the
software components of the system at different abstraction
levels. Furthermore, it was noted that the document the most
used as bases knowledge in the majority of the impact
analysis approaches is mainly the source code because this
latter is easy to access and provided up to date information
contrary to the conceptual documentation or specifications,
for example, which is non-existent, incomplete or obsolete.

Considering the importance of the work already
undertaken in this field and the numerous approaches which
have been proposed, it appeared interesting to us to gather
most relevant works as a comprehensive state of art. Thus,
this article established a survey on software change impact
analysis approaches currently used in the field of the
software engineering and in particular in software
maintenance. For each type of approaches, we will present
the principle, the techniques and tools allowing their
implementation, the advantages and the limits of such
approaches.

The remainder of the paper is organized as follows:
section II presents the work already achieved in this field. In
section III, we will stress the types of impacts of a change
before exposing in section IV the various software change
impact analysis approaches. This paper concludes with some
directions for future works.

Il.  RELATED WORKS

Although it is not new field, the change impact analysis
was widely discussed in the literature and remains an active
field of research which is in perpetual evolution. In 1979,
Weiser [11] introduced the technique of "Program Slicing"
which aims at extracting the parts of a program impacted by
a given change. The concept of "Ripple effects" was
introduced in 1980 by Yau and Collofello [11]. Their model
allows the evaluation of the impact due to the propagation of
a change in the source code. In 1996, Arnold and Bohner
published a series of research papers entitled: "Software
Changes Impact Analysis" by gathering principal works
relating to the analysis of change impact [3]. In their
approach of "Document-Driven Development”, Turver and
Munro claim that during the development of a new version
of software, various types of documents (design documents,
user's manual) must be updated as well as the source code.
The impact on the source code also relates to the associated
documents [23]. In order to simplify the representation and
the analysis of the networks of dependencies in the complex
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systems, Bohner and Gracanin [11] proposed to combine the
impact analysis techniques with 3D visualization techniques.

Since the 1980s, there have been many investigations on
change impact analysis, especially in the field of code-based
techniques [4]. Wilkerson proposes in [24] taxonomy of the
types of impacts that can result from source code changes in
both procedural and object-oriented code. In [14] Kilpinen
identifies three groups of impact analysis approaches:
dependency impact analysis, traceability impact analysis and
experimental impact analysis.

In traceability impact analysis, traceability links are the
basic mean to express relationships between system
components, and they are used to connect entities of different
levels of abstraction, e.g. requirements and source code.
Traceability links can be utilized to propagate changes, or the
impact of changes to related elements.

Design
or Change
Documentation

Requirement
or Software
Design Models

Traceability
Impact
Analysis

Dependency
Impact
Analysis

Requirement
Traceability
Relationships

Software
Architecture
or Code

Experiential
Impact Analysis

Individual
Engineering
Judgement

Design
or Change
Review Meeting
Informal
Team
Discussions

Fig. 1. Types of change impact analysis techniques [13].

In dependency impact analysis group, impact analysis
can be conducted within the internal links of a software
system, such as dependencies between objects, methods, and
variables. Several techniques which utilize program
dependencies have been proposed, for example program
slicing.

Although the source code based techniques are the most
used to asses change impact (see fig. 2.) because they have
the advantage of being more precise in their calculus by
identifying the impact at the surest state (i.e. on the final
product); however, they have the disadvantage of being
limited in the range, time consuming and they require the
implementation of the change before the impact can be
computed.

M Test

M Software architecture
ERequirements
HDesign

O Source code

Count

1994-1997 1998-2001 2002-2006

Year

1991-1993

Fig. 2. Impact analysis target in research papers, distribution over time
[11].

In contrast to source code based techniques like
dependency analysis, experimental approaches are focused
on manual analysis and therefore labor intensive techniques,
such as audits, reviews, and code inspections [16].

Ill.  TYPES OF CHANGE IMPACT

An assessment of the impact of certain change requires
explicit information about the nature of the change, about the
type of the involved artifacts, as well as about dependency
relations between the artifacts [15]. That change impact can
be primary or secondary according to the distance from the
origin of the change.

A. Primary impact

Primary impact, also referred to as direct impact,
corresponds to the components of the system that are
identified by analysing how a proposed change affects the
system. This analysis is typically difficult to automate
because it is mainly based on human expertise.

B. Secondary impact

Secondary impact or indirect impact is complementary
changes following a primary change due to design
constraints, system’s structure or functional dependencies.
The indirect impact can take two forms:

Side effects: are unintended behaviors resulting from the
modifications needed to implement the change. Side effects
affect both the stability and function of the system and must
be avoided.

IV. SOFTWARE CHANGE IMPACT ANALYSIS APPROACHES

Based on a thorough literature review, we distinguish
five main classes of software change impact analysis
approaches:

e Static impact analysis approaches.
e Dynamic impact analysis approaches.
e History based impact analysis approaches.

e Information retrieval (IR) based impact analysis
approaches.

e Probabilistic based impact analysis approaches.

A. Static impact analysis approaches
1) Automatable approaches
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Automatable impact analysis approaches often employ
algorithmic methods in order to identify change propagation
and indirect impact. Nevertheless, these approaches require a
structured specification of the system such as the object
model, the control flow diagram, data flow, and dependency
graph .etc.

The automatable approaches are more suitable to
evaluate the secondary impacts than to determine the
primary impacts. Several approaches were developed for the
analysis of dependencies but three main lines of techniques
have been described in the literature for implementing such
analysis approach;

a) Dependency analysis
The dependency analysis consist in exploring, capturing
and defining the dependence relationships that exist between
the software artefacts being in the same level of abstraction,
generally on the level of the source code: modules, functions,
classes, methods or variables.

A network of dependencies can be represented in two
manners: the written way (the dependency graph) [7] or a
matrix way (dependency structure matrix) [19]. It is
sometimes possible to enrich the matrix by semantic
information such as the type of relationships in order to
improve and simplify its interpretation.

b) Traceability analysis
Traceability is the capacity to describe and trace the life
cycle of software artefacts from requirement specification to
source code and reciprocally [22].

The traceability analysis, on the other hand, can provide
information on the existing relationships between the
requirements, the design and the implementation artefacts,
being thus a support for studying the impact of changes. The
quality of the analysis of traceability in addition, is
determined by the completeness of the whole of the relations
which were identified gradually during the development of
the system.

The traceability analysis has the advantage of being
applicable at first stages of the software development cycle
and thus allows identifying various types of impacted
artefacts. Consequently, the field of application of the
traceability analysis is much broader than that of the
dependency analysis which completely relies on the
availability of the source code.

Among the tools for traceability analysis: DOORS,
Rational Requisite Pro and TOOR (Traceability of Object-
Oriented Requirements). The weak point of all these tools is
that they do not support automatic or semi-automatic
maintenance of traceability links and do not take into
account the new versions of the artefacts. Thus, the detection
and the maintenance of the bonds of traceability must be
operated manually, generating high costs. The investment is
all the more heavy if one takes into account the iterative
nature of the development processes [22].

c) Program slicing

The program slicing technique seeks to delimit wide
change in a program by breaking it up into two independent
parts: the part affected by the change and the part
representing the remainder of the program. To locate the
impacted elements, the technique of program slicing employ
the data flow, the control flow or the dependency graph. The
whole of these algorithms are thus based on the analysis of
the source code of the programs.

Architectural slicing is an alternative which was
introduced by Zhao in 1998 [11]. The advantage of
architectural slicing is that it can be applied independently of
the availability of the source code.

2) Semi automatable approaches

Semi automatable approaches or interactive approaches
rely on collaboration between the man (the analyst) and the
machine (an impact analysis support tool). The analysis
process consists then in alternating control between these
two entities as follows:

At each iteration, the tool explores the dependency
relationships; compute a whole of elements likely to be
affected by the change which are proposed to the analyst.
This last examines then determines among the identified
elements those which he considers relevant.

These approaches allow, on a side, to accelerate the
calculation part of the process of impact analysis and on the
other, to improve quality of the predictions by giving the
possibility to the analyst of intervening to correct the
possible errors made by the tool support.

Among the tools most used in this category, we can find:
JRipples (Ripples Java) which was integrated thereafter in
the Eclipse development environment.

3) Manual approaches

Contrary to the automatable approaches, the manual ones
are easy to integrate in a process of change management.
However they miss some precision of calculation.

The manual approaches, generally, are intended to
determine primary impacts generated by a change i.e. to
identify the whole of the elements of starting impact set.

a) Design document based manual approaches

A design document (an architectural model, UML
diagram, a simple textual specification describing the
components of the system .etc) is characterized by a whole
of attributes like: the context in which it was published, its
version, the goal of its creation, its frequency of update and
the data which it provides. The precision of the predictions
and the quality of the impact analysis depend primarily on
the quality of the design documents as well as the following
factors:

e The availability and the quality of the documentation
used during the analysis.

e The homogeneity of the vocabulary, terminology and
used notations.
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e The clearness and coherence of documentation.

e The experiment and preliminary knowledge of the
analysts on the studied system.

b) Interview approaches

According to a study on the analysis of impact (Lindval,
1997), the interview with the developers is considered as the
fastest means for the capturing information on a software and
the possible consequences of a given change [11].

In [10] authors have conducted an empirical study using
interviews in order to understand how issues associated with
impact analysis are seen at different levels and under
different perspectives.

Indeed, the analysts find that it is more practical to
question the developers which are quite informed on the
system than searching in documentation, if it exists, needed
information.

B. Dynamic impact analysis approaches

Dynamic impact analysis approaches consist in
collecting, through a series of executions, information on the
behavior of a program such as: order of the functions
(procedures or methods) calls, the results turned over, the
end of execution of the program... etc. The whole of the
impacted elements is the whole of the parts of the program
which are executed simultaneously with the initially
modified parts.

1) Simulation

Simulation is a dynamic approach which proposes also
mechanisms to estimate quantitatively and qualitatively the
impact due to a change.

By means of simulation tools one can, for example,
assign values to the various components of the system,
simulate a whole of changes and analyze the results obtained.
That means we can anticipate the undesirable repercussions
of a possible change, study the various aspects of the change:
time, cost, resources and provide estimates concerning the
impact of the change on the system performances.

In spite of the advantages mentioned above, simulation
presents some limits:

o Failure to gather a large amount of data necessary to
simulation what is sometimes difficult to achieve.

e The quality of the collection of simulation data which
must be consistency in order to cover all possibilities.

e The simulation of complex systems comprising
several processes in interaction requires more
resources.

C. History based impact analysis approaches

With the availability of the historical data which allow to
store and exploit the versions management systems as well
as the bugs tracking systems, a new prospect of change
impact analysis was born, namely: History based Impact

Analysis approaches. In fact, these approaches come to
supplement those previously mentioned in bringing extra
information’s relating to the types of the frequent changes,
the causes of these changes, elements changing
simultaneously... etc.

1) Association rules based approaches

The approach suggested by Ying & Al [6], consists in
representing the simultaneous changes (Co-changes) which
were met in the past by a set of association rules which will
be used thereafter to determine the impact of a future change.
That means that the change of an artifact A will be probably
followed by a change of an artifact B if these artefacts
changed jointly in the past.

The advantage of this approach is its aptitude to capture
the coupling relationship of change which exists between the
entities of the system without there being explicit
dependency relationship between them. However, the
coupling and causality relationships from which the
repercussions appears later in time are difficult to capture.

2) Mining Software Repository approaches

MSR for short treats system evolution and software
impact change prediction from a historical point of view. The
historical data analysis allows, in fact improving
comprehension of the software evolution and the prediction
of future changes.

Contrary to the techniques of static impact analysis
where only the current version of the software is taken into
account, MSR adopts a multi versions view to software
change prediction [12].

MSR techniques are similar to those used in knowledge
extraction and data mining. By analyzing the historical data
of several versions of the source code, MSR techniques
allow [1]:

o Detect the coupling and dependency relationships.

e To define patterns of modification which can be taken
into account to predict the future changes of the later
versions.

e To envisage trends of change.

However, the quality of the results obtained with this
approach depends on the relevance of the historical data to
take into account: neither too old thus become obsolete, nor
too recent because it is likely to be based on unstable short
period of the system [21].

D. IR-based impact analysis approaches

The software development is often accompanied by the
production of various types of documents expressed in
natural language like requirements specification, certain
documents of design or simple user’s guide. The fact of
identifying dependency relationships and establishing
traceability links between these informal documents and the
source code (text-to-code traceability links) can play a
crucial role in the change impact analysis process as well as
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Fig. 3. Text to code traceability impact analysis method [2].

in several other activities like program comprehension
and software maintenance.

The impact analysis based on information retrieval
techniques allow us to trace the text of a maintenance request
onto the set of system components initially affected by the
maintenance request [2].

The first stage consists in sorting the documents
according to their relevance to the text of the maintenance
request. In the second phase, all the existing documents are
"mapped» towards the source code components to which
they refer. Finally, this "mapping» serve to find the impacted
elements of the code corresponding to the relevant
documents identified in the first stage.

In order to help counter the precision or recall deficit of
individual techniques and improve the overall accuracy, a
novel approach which combine information retrieval with
dynamic analysis and mining software repositories
techniques (MSR) has been proposed in [17].

E. Probabilistic based impact analysis approaches

1) Bayesian networks-based approaches

As there exists always a part of uncertainty difficult to
manage for the comprehension of the propagation process of
the effects of a change, the Bayesian networks, by
integrating uncertainty, then offer a particular quantitative
approach which can provide suitable predictions in the
presence of subjective judgments of experts or missing
information that is inherent in the field of the software
engineering [1].

The other advantage of Bayesian networks is their
capacity of incremental learning from historical data. This
capacity will contribute to the improvement, with time, of
the structure of Bayesian networks and its parameters, and
this, by the acquisition of new data.

Nevertheless, other probabilistic approaches have been
developed such as CPM (Change Propagation Method) (for
more details refer to [9]) and machine learning based
approach for predicting maintainability.

V. DISCUSSIONS

The ability to identify the change impact or possible
effect will greatly help a maintainer or manager to determine

appropriate actions to undertake with respect to change
decision, schedule plans, cost and resource estimations [20].

The amount of proposed approaches for change impact
analysis is vast and a comprehensive paper is required to
enable their evaluation and comparison. We provided
through this article a repertory gathering the whole of the
most relevant change impact analysis approaches while we
have emphasized advantages, underlined the limits and
exposed the techniques used.

The manual approaches are hard and error prone since it
relies on the human factor while the automatable approaches
are costly and more resources consuming. The tools used by
the majority of impact analysis approaches are based on
source code or need a substantial human interaction to
achieve their task.

We project in our future works to extend the present
work by considering new change impact analysis
approaches, then comparing them empirically with
standardized metrics and common benchmarks in order to
provide some features and recommendations which could
facilitate software maintainer’s tasks .

In addition, one of interesting application domain of the
approaches described in this paper is the information system
evolution according to business processes. Indeed, business
processes being the way to synchronize business rules, they
have to be managed when these rules change. The impact
can be important on information system such as the
modification of database structure or evolution of services
and programs. Before applying changes, it is necessary for
manager to have an idea of the cost of changing. This
application domain will necessitate both the investigation of
new techniques for analyzing the impact of rule’s change and
revisiting existing ones.
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Résumé: Des défaillances dans la protection des données
médicales dans un systeme e-santé peuvent entrainer la
divulgation d’informations sensibles et de graves préjudices pour
les patients. Dans cet article nous utilisons la méthode d’analyse
de risque « expression des besoins et identification des objectifs
de sécurité » sur un systéme d’information hospitalier afin de
définir les risques inhérent a la e-santé. Nous avons identifié les
sources de menaces, les mesures de sécurité existantes et proposé
d’autres mesures afin de réduire, ou de supprimer les risques
identifiés, Nous avons également relevé les manques en matiére
de législation et de code d’éthique en Algérie pour arriver a avoir
une base solide sur laquelle on peut travailler en matiere de
protection des données & caractére personnelles. Nous avons
proposé des mesures de sécurité afin de réduire les risques
identifiés.

Mots clés: e-santé, sécurité, protection des données
personnelles, EBIOS, analyse de risques. ()

I.INTRODUCTION SUR LA SECURITE DANS LA E-SANTE

Dans le contexte d’un systéme e-santé, il est primordial de
fournir tous les moyens permettant de maitriser les risques et
les menaces pouvant toucher de prés ou de loin aux
informations liées a la santé des patients. Ces informations
doivent étre protégées contre les manipulations, les acces non
autorises et les abus. [1].

Les données médicales contenues dans les systemes
d’information hospitaliers sont considérées comme hautement
sensibles, leur stockage, transfere ou utilisation comporte des
risques spécifiques au domaine de la santé en plus des risques
classiques partagés avec les autres types de données. En effet
les données médicales sont sujettes au secret médical et doivent
étre en conformité avec la déontologie et la législation en
vigueur dans le pays concerné. C’est pour cette raison que
I’international standard organisation (ISO)a produit un standard
spécifique pour ce genre de systemes [2] qui est une extension
et un complément du standard [3] traitant de la sécurité de
I’information.

Mekanne et al. [1] ont déja traité le controle d’accés aux
données personnelles dans un systéme e-santé (dossier médical
partageable) ils se sont néanmoins focalisés sur les droits
d’acces, ils ont introduit un modele de contrdle d’acces appelé
OrBAC qui intégre les exigences en matiére de protection des
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données personnelles de patients en assurant les moyens
adéquats pour garantir que les préférences des patients soient
prises en considération lors de la demande d’accés. A travers
ce modeéle, le patient pourra exprimer sa politique de protection
de données personnelles par 1’étiquetage des données
médicales sensibles et 1’octroi des permissions d’acces a ces
données pour le personnel de confiance. Cependant Mekanne
et al. [1] ne se sont basés sur aucune loi, ou code médical pour
définir ce qu’est une donnée sensible, ils ont conféré au patient
la responsabilité de choisir lui-méme les données sensibles
auxquelles méme son médecin traitant ne pourra pas accéder
sans son autorisation. Par exemple le patient peut masquer une
tentative de suicide, une maladie sexuellement transmissible ou
un avortement alors que le médecin traitant se doit de connaitre
tous les antécédents du patient afin de pouvoir établir le bon
diagnostic et prodiguer les soins adéquats. Nous jugeons que le
patient n’a pas les compétences nécessaires pour jouer ce role
de régulateur. Nous jugeons également que Mekanne et al. [1]
se sont attaqués au droits d’accés sur les données sans définir
au préalables une base solide sur laquelle ils peuvent
s’appuyer. En effet ce genre de droit se doit d’étre régi par une
loi ou un code d’éthique adapté. Avant de pouvoir parler de
sécurité des systémes e-santé, il faut d’abord définir les risques
et les menaces qui péesent sur ces systemes, la définition de ces
critéres peut se faire a I’aide d’'une méthode d’analyse des
risques.

Notre contribution est portée sur la définition des critéres
de sécurité nécessaires a un systeme e-santé en Algérie. Nous
avons effectué une analyse de risques dans un Hopital
Universitaire utilisant un systéme d’information pour gérer ses
dossiers patients. Nous avons utilisé la méthode EBIOS
« expression des besoins et identification des objectifs de
sécurité » et avons établi les risques inhérents a un systéme e-
santé. Nous avons proposé des mesures des sécurité
supplémentaires issus des standards internationaux [3] et [2] et
réévalué les risque précédemment identifiés. Nous avons
également étudié le code de déontologie médical Algérien et
relevé ses manques et son inadaptabilité a I’e-santé. Nous
avons également relevé le manque dans la législation
Algérienne en termes de protection des données personnelles
en comparaison avec nos voisins Tunisien et Marocains.
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I1.LA GESTION DU RISQUE

Les systémes d’information actuels doivent faire face a
plusieurs menaces susceptibles d’exploiter leurs vulnérabilités.
Pour limiter I’impact de ces menaces, une politique de gestion
des risques doit étre mise en ceuvre.

Un des outils a disposition du praticien de la sécurité de
I’information et des organisations qui souhaitent mettre en
ceuvre un processus de gestion du risque informationnel est la
méthodologie d’analyse de risque. De nombreuses
méthodologies existent sur le marché, certaines gratuitement,
d’autres 4 un colt non négligeable. Chacune de ces
méthodologies peut s’avérer un outil efficace lorsqu’elles sont
utilisées diligemment dans un contexte bien déterminé.
Cependant, comme tout outil, elles ont des limites. Elles ont
une utilité propre, souvent dans un contexte organisationnel
particulier ou un domaine d’activit¢é limit¢é (Banques,
ministére). Comme d’autres méthodologies de recherche, les
méthodologies d’analyse de risque cherchent & mesurer des
concepts. Dans ce cas précis, les méthodologies cherchent a
mesurer le risque informationnel, par I’intermédiaire de
variables (comme la menace ou I’impact) selon des échelles de
mesure (par exemple : bas, moyen, élevé). Plusieurs des
concepts mesurés ne peuvent étre mesurés directement (par
exemple comme lire la température sur un thermometre) mais
indirectement, en demandant a quelqu’un d’indiquer quelle est
son estimation de la valeur de la mesure de la variable attribuée
au concept. Ainsi comme toute méthodologie, la méthodologie
d’analyse de risque informationnel doit tenir compte de
plusieurs sources d’erreur ou de biais, soit en relation a la
sélection des individus qui donnent les réponses, de
I’interprétation a donner aux réponses, du type de mesures
utilisées, de 1’analyse (explicative ou statistique) ou de
I’interprétation des résultats. [4].

Il est essentiel qu’une organisation puisse identifier ses
critéres de sécurité, il existe trois sources de critéres de sécurité
principaux :

La premiére source est dérivée de 1’analyse de risque de
I’organisation en prenant en compte la stratégie commerciale
globale de I’organisme ainsi que ses objectifs. Cette analyse est
effectuée a 1’aide d’une méthodologie d’analyse des risques,
les menaces sont identifiées, les vulnérabilités et leur
probabilité d’occurrence et leur potentiel impact sont estimé.

La deuxieme source consiste en le cadre légal et éthique
que l’organisme et ses partenaires se doivent de respecter, le
milieu socio-culturel dans lequel 1’organisme évolue doit
également étre pris en compte.

La troisieme source consiste en les principaux critéres et
objectifs commerciaux que 1’organisation se doit de respecter
et d’atteindre afin de garantir le bon déroulement de ses
activités [3].

Les criteres de sécurité sont identifiés par une
méthodologie d’analyse de risques, les dépenses en maticre de
sécurité doivent étre proportionnelles aux préjudices potentiels
d’une exploitation de vulnérabilité.

Les résultats de [D’analyse des risques vont aider a
déterminer les actions a entreprendre ainsi que les priorités
dans la gestion des risques informationnels. Ses résultats vont

également jouer un réle dans la définition des mesures de
sécurité a prendre afin de réduire ses risques [3].

L’analyse de risque doit étre répétée périodiquement lors de
chaque changement susceptible d’influencer les résultats de
I’analyse précédente [3].

Dans cet article nous allons présenter les résultats d’une
analyse de risques a 1’aide de la méthodologie EBIOS, cette
analyse a été effectuée dans un hopital qui utilise un systéme
d’information pour la gestion de ses dossiers patient. NOus
allons proposer des mesures de sécurité afin de réduire les
risque identifiés et que le systéme devienne plus conforme a
normes internationales en la matiére, en ’occurrence [3] qui
traite des techniques de sécurité pour le management de la
sécurité de I’information et [2] qui traite de la sécurité de
I’information appliquée au systémes e-santé. Nous allons enfin
discuter des manques que nous avons constaté dans la
législation Algérienne en termes de protection des données
médicales et personnelles.

I1l. LA METHODOLOGIE EBIOS

La méthodologie EBIOS (Expression des Besoins et
Identification des Objectifs de Sécurité) est un outil complet de
gestion des risques de la sécurité des systémes d’information
(SSI) conforme aux derniéres normes 1SO 27001, 27005 et
31000.

Créée en 1995 par ’ANSSI (I’agence nationale frangaise de
sécurité des systtmes d’informations) la méthode EBIOS
bénéficie des 20 ans d’expérience de 1’agence dans le domaine
de la gestion du risque. Elle permet d’apprécier et de traiter les
risques relatifs & la (SSI). Elle permet aussi de communiquer a
leur sujet au sein de 1’organisme et vis-a-vis de ses partenaires,
constituant ainsi un outil complet de gestion des risques SSI.
EBIOS est assortie d une base de connaissances cohérente avec
le référentiel général de sécurité, enrichie d’exemples concrets
permettant d’élaborer des scénarios de risque pertinents pour
l'organisme. Elle comprend enfin une étude de cas type,
permettant d’appréhender la méthode. [5]

EBIOS est en outre gratuite open source et en francais ce qui
nous motive encore plus pour la choisir entre les différentes
méthodes de gestion de risques existantes dans le monde.
EBIOS se décompose en plusieurs phases que nous allons
détailler dans la section qui suit

A. L’établissement du contexte

Un contexte bien défini permet de gérer les risques de
maniére parfaitement appropriée, et ainsi de réduire les colts a
ce qui est nécessaire et suffisant au regard de la réalité du sujet
étudié. Pour ce faire, il est essentiel d’appréhender les éléments
a prendre en compte dans la réflexion :

* le cadre mis en place pour gérer les risques ;

* les critéres a prendre en considération (comment estimer,
évaluer et valider le traitement des risques) ;

* la description du périmetre de 1’étude et de son
environnement (contexte externe et interne,  contraintes,
recensement des biens et de leurs interactions...). La méthode
EBIOS permet d’aborder tous ces points selon le degré de
connaissance que I’on a du sujet étudié. Il sera ensuite possible
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de [IDenrichir, de I’affiner et de 1’améliorer & mesure que la
connaissance du sujet s’améliore.

B. L appréciation des risques

Selon EBIOS, il y a risque de sécurité de 1’information des
lors qu’on a conjointement Une source de menace, une menace,
une vulnérabilité, et un impact.

Le principal enjeu est de réussir a obtenir les informations
nécessaires a I’analyse qui puissent étre considérées comme
fiables. C’est la raison pour laquelle il est extrémement
important de veiller a ce que ces informations soient obtenues
de maniére a limiter les biais et a ce que la démarche soit
reproductible.

C. Le traitement des risques

Les risques appréciés permettent de prendre des décisions
objectives en vue de les maintenir a un niveau acceptable,
compte-tenu des spécificités du contexte. Pour ce faire, EBIOS
permet de choisir le traitement des risques appréciés au travers
des objectifs de sécurité : il est ainsi possible, pour tout ou
partie de chaque risque, de le réduire, de le transférer (partage
des pertes), de 1’éviter (se mettre en situation ou le risque
n’existe pas) ou de le prendre (sans rien faire). Des mesures de
sécurité peuvent alors étre proposées et négociées afin de
satisfaire ces objectifs.

D. Une démarche itérative en cing modules :

La méthode formalise une démarche de gestion des risques
découpee en cing modules représentés sur la figure 1 suivante :

Module 1
Etude du
contexte
A4
Module 2 Module 3
Etude des Etude des
événements scenarios de
redoutés menaces
T
Module 4
L——» FEtudedes |«
risques
Module 5
Etude des
mesures de
sécurité

Figure 1: Démarche itérative en cinq modules

La démarche est dite itérative. En effet, il sera fait plusieurs
fois appel a chaque module afin d’en améliorer
progressivement le contenu, et la démarche globale sera
également affinée et tenue a jour de maniére continue surtout
en cas d’ajout au systéme qui pourrait avoir une influence sur
la sécurité.

Module 1 — Etude du contexte

A Tlissue du premier module, qui s’inscrit dans
I’établissement du contexte, le cadre de la gestion des risques,

les métriques et le périmétre de I’étude sont parfaitement
connus ; les biens essentiels, les biens supports sur lesquels ils
reposent et les paramétres a prendre en compte dans le
traitement des risques sont identifiés.

Module 2 — Etude des événements redoutés

Le second module contribue a I’appréciation des risques. 11
permet d’identifier et d’estimer les besoins de sécurité des
biens essentiels (en termes de disponibilité, d’intégrité, de
confidentialité...), ainsi que tous les impacts (sur les missions,
sur la sécurité des personnes, financiers, juridiques, sur
I’image, sur I’environnement, sur les tiers et autres...) en cas
de non-respect de ces besoins et les sources de menaces
(humaines, environnementales, internes, externes,
accidentelles, délibérées...) susceptibles d’en étre a ’origine,
ce qui permet de formuler les événements redoutés.

Module 3 — Etude des scénarios de menaces

Le troisitme module s’inscrit aussi dans le cadre de
I’appréciation des risques. Il consiste a identifier et estimer les
scénarios qui peuvent engendrer les événements redoutés, et
ainsi composer des risques. Pour ce faire, sont étudiées les
menaces que les sources de menaces peuvent générer et les
vulnérabilités exploitables.

Module 4 — Etude des risques

Le quatrieme module met en évidence les risques pesant sur
I’organisme en confrontant les événements redoutés aux
scénarios de menaces. Il décrit également comment estimer et
évaluer ces risques, et enfin comment identifier les objectifs de
sécurité qu’il faudra atteindre pour les traiter.

Module 5 — Etude des mesures de sécurité

Le cinquiéme et dernier module s’inscrit dans le cadre du
traitement des risques. 1l explique comment specifier les
mesures de sécurité a mettre en ceuvre, comment planifier la
mise en ceuvre de ces mesures et comment valider le traitement
des risques et les risques résiduels.

IV. RESULTATS DE L’ ANALYSE DE RISQUES

Nous allons a présent présenter nos résultats apres
I’application de EBIOS sur un systéme hospitalier qui utilise et
stocke des données médicales sur ses serveurs.

Le but de I'étude est de permettre de faire une analyse des
risques pour le SIH (syst¢tme d’information hospitalier) de
I’hopital.

A. L'objectif de I'étude :

Gérer les risques SSI sur le long terme et élaborer une
politique de sécurité de I’information. Nous souhaitons que les
risques de sécurité de l'information qui pourraient empécher
I'népital d'atteindre ses objectifs soient gérés, et ce, de maniere
continue, Nous avons pour objectifs de :

D’optimiser les processus métiers en maitrisant les risques
de sécurité de l'information ;

De mettre en place un systeme de management de la
sécurité de l'information ;
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D’¢élaborer d'une politique de sécurité de I'information, (elle
doit étre produite, appliquée et contrdlée) ;

B. L'organisme étudié :

C’est un établissement hospitalier universitaire, ci-aprées
dénommeé, par abréviation « HC », c'est un établissement
public a caractére spécifique, doté de la personnalité morale et
de ’autonomie financiére, sous la tutelle administrative du
ministre de santé. Nous n’allons pas citer le nom exact de
I’établissement pour des raisons de sécurité.

C. Les principaux métiers représentés :

Les médecins, infirmier, informaticien (pour la gestion du
systeme informatique) et personnel administratif

D. Normes et principes directeurs adoptés par I'organisme

Etant un Hopital HC sa mission principale est la fourniture de
soins de qualité aux patients, il doit néanmoins avoir une
politique de gestion de l'information des patient (gestion des
dossiers médicaux, et des informations personnelles ) en
accord avec les principes d'éthique et de déontologie médical
ainsi qu'avec la législation en vigueur en Algérie, il doit entre
autre respecter le secret médical des patients, mais néanmoins
garantir que ces informations soient transmises aux proches du
patients si celui-ci fournit son accord ou bien a d'autres
médecins pour avis.

Le principal processus métier concerné par I'étude est la
fourniture de soins, les autres processus ne seront pas
concernés par I'étude (comptabilité, gestion des ressources
humaines, gestion des stocks)

Le systéme informatique du HC se compose de serveurs, de
switch, de machines, ainsi que d'un systéme d’information.

Le sujet de [I'étude représente la partie du systéeme
d'information du SH indispensable pour qu'il exerce son cceur
de métier. L’ensemble du patrimoine informationnel des
patients est créé, traité et stocké sur ce systéme d'information.
Le sujet représente également la conformité avec la législation
en vigueur ainsi qu'avec les principes éthiques et
déontologiques. L’étude s’est également portée sur la sécurité
du site internet de ’établissement

E. Les participants & I'étude sont définis comme suit :

La population de I'étude est l'ensemble des collaborateurs
travaillant dans le périmétre choisi (Médecins, infirmiers,
aides soignant, secrétaires, agents de saisie, administrateurs
systétme). Au moins un personnel de chaque catégorie
participe a 1’étude ; d’autres personnels peuvent également
participer a 1’étude afin d’apporter un point de vue extérieur ;
Les criteres de sélection sont les meilleures connaissances du
métier en général.

F. Les enjeux suivants ont été identifiés :

Démontrer la capacité du [’établissement a protéger les
informations sensibles.

Améliorer les services rendus aux patients et la qualité des
prestations ;

Faire respecter les principes de déontologies et d'éthique
médicale (confidentialité des données médicales).

Etre en conformité avec la Iégislation (protection des données
a caractére personnelles).

Garantir la disponibilité des données et du réseau a tout instant
(la vie des patients peut en dépendre).

Garantir l'intégrité des données transmises a travers le réseau.

V. IDENTIFICATION DES PARAMETRES A PRENDRE EN COMPTE
LORS DE L’ETUDE

A. Contraintes relatives au personnel :

Le personnel doit avoir acces aux dossiers médicaux des

patients se trouvant dans son service

Tous les personnels utilisant I’informatique n’est pas

spécialisé en informatique

B. Référence communautaire, légale et réglementaire a
appliquer :

L’aspect éthique et déontologique de la médecine doit étre

applique.

La législation relative & la protection des données personnelles

doit étre appliquée.

C. Contrainte conjoncturelle :

La continuité du service doit étre garantie méme en cas de

gréve ou de crise grave.

D. Contrainte fonctionnelle :

La disponibilitté maximale des informations médicales doit

étre garantie a tout instant.

E. Contrainte relative aux méthodes :

La confidentialité des informations médicales ne doit pas étre

au détriment de la qualité du service.

F. Contrainte d’environnement

Du fait que I’Algérie se trouve dans une zone sismique,

qu’elle serait I’impact d’un tremblement de terre

G. Contrainte relative au personnel :

Le responsable de I’informatique est ingénieur de formation

H. Les critéres de sécurité retenus :

Afin d'exprimer les besoins de sécurité, les critéres de sécurité
retenus sont les suivants :

La Disponibilité : Propriété d'accessibilité au moment voulu
des biens essentiels.

L’Intégrité : Propriété d'exactitude et de complétude des biens
essentiels.

La confidentialité : Propriété des biens essentiels de n'étre
accessibles qu'aux utilisateurs autorises.

I.  Echelle de disponibilité

Nous avons établie 1’échelle suivante pour exprimer les
besoins de sécurité en termes de disponibilité :

Niveau de I’échelle Description détaillées de I’échelle

Disponibilité immédiate Le bien essentiel ne peut pas étre
indisponible

Disponibilité dans les 4 heures Le bien essentiel ne peut pas étre

indisponible plus de quatre heures
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J.  Echelle d'intégrité

L'échelle suivante sera utilisée pour exprimer les besoins de

sécurité en termes d'intégrité :

Niveaux de I'échelle

Description détaillée de I'échelle

Détectable

Le bien essentiel peut ne pas étre

integre si l'altération est identifiée.

Maitrisé

Le bien essentiel peut ne pas étre
integre, si l'altération est identifiée
etl'intégritt du  bien  essentiel
retrouvée.

Integre

Le bien essentiel doit étre

rigoureusement intégre.

K. Echelle de confidentialité

L'échelle suivante sera utilisée pour exprimer les besoins de
sécurité en termes de confidentialité :

Niveaux de I'échelle

Description détaillée de I'échelle

Public Le bien essentiel est public.

Limité Le bien essentiel ne doit étre
accessible qu'au personnel et aux
partenaires.

Réservé Le bien essentiel ne doit étre
accessible qu'au personnel (interne)
impliquées.

Privé Le bien essentiel ne doit étre
accessible qua des personnes

identifiées et
ayant le besoin d'en connaitre.

L. Echelle de gravité

L'échelle suivante sera utilisée pour estimer la gravité des
événements redoutés et des risques :

Niveaux de I'échelle

Description détaillée de I'échelle

O. Les hiens essentiels identifiés :

Chaque métier sélectionné précédemment dans 1’étude est
lié a plusieurs processus. Ces processus sont des fonctions qui
traitent des informations essentielles en entrée et en sortie.

Dans le cadre de 1’étude nous avons retenu les processus
suivants en tant que bien essentiel :

Systéme d’information et logiciel

métier utilisé

Gestion des  dossiers
informatisés

Gestion des résultats d’analyse.
Gestion du Site internet de

I’établissement

patients

La transmission des données

La gestion des transmissions

informatiques

P. Les biens support

Le schéma suivant décompose ces biens supports et les
positionne les uns par rapport aux autres :

Canal informatique

Logiciel métier utilisé

Le SGBD contenant les bases de
données ainsi que les résultats
d’analyse

Le logiciel métier utilisé

Le matériel informatique

L’ensemble des machines clients
utilisée pour le traitement des
données ainsi que les serveurs
informatique

Le canal informatique

L’ensemble des périphériques réseau
utilisés

Q. Liens entre biens supports et biens essentiels :

Bien
essentiel

Gestion des
dossiers
patients

informatisés

Gestion Gestion du La gestion
des Site internet des
résultats de transmissions
d’analyse. | D’établissement | informatiques

Négligeable Gravité négligeable Bien support
Limitée Gravité limitée Logiciel x X
Importante Gravité importante métier utilisé
Critique Gravité critique Canal X X
informatique
Le matériel X

M. Echelle de vraisemblance
L'échelle suivante

sera

utilisée pour estimer la

vraisemblance des scénarios de menaces et des risques :

Niveaux de I'échelle

Description détaillée de I'échelle

Minime Cela ne devrait pas se (re)produire
Significative Cela pourrait se (re)produire.
Forte Cela devrait se (re)produire un jour ou

l'autre

Maximale

Cela va certainement se
(re)produire prochainement

N. Echelle de niveaux de risque :

- 4 | 4. intolérable
4 < v i
s 3 significatif
s 2 |
© 1 1. Négligeable 2. limité
1 2 3 4
Vraisemblance

informatique

R. Les mesures de sécurité existantes sur le systeme :

Bien support : canal informatique :
1. Théme ISO 27799 : 7.6.1.zone sécurisée,
sécurité : Périmétre de sécurité physique, Description :
Protéger les zones contenant des informations et des
moyens de traitement de 1’information par des périmétres
de securité. Les serveurs doivent étre inaccessibles par
des personnes non autorisées et donc dans des salles

hautement sécurisées,

Mesure de

2. Théme I1SO 27799 : 9.2 sécurité du matériel ( iso 27002),
Mesure de sécurité : Protection de I’Emplacement des

équipements,

Description : Protéger le matériel des

coupures de courant et autres perturbations dues a une

défaillance de services généraux.
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Bien support : systéme informatique :

3. Théme ISO 27799 : 7.8.2.1 Gestion des accés utilisateurs,
Mesure de sécurité : Gestion des priviléges, Description :
Restreindre les droits d’accés aux dossiers médicaux, un
médecin ou un infirmier ne peut accéder qu’aux dossiers
des patients présents dans son service.

4. Théme I1SO 27799 : 7.8.2.1 Gestion des acces utilisateurs,
Mesure de sécurité : Gestion des acces aux postes client,
Description : L’accés et 1’utilisation des machines client
est restreinte par une connexion via Active directory de
Windows server,

5. Théme ISO 27799 : Iso 27002 14.1 Aspects de la sécurité
de linformation en matiére de gestion de [’activité,
Mesure de sécurité : Plan de continuité de D’activité en
cas de panne, Description: Cing serveurs sont
interconnectés entre eux, ils exécutent VMware
(virtualisation) et les bases de données sont stockées sur
des serveurs NAS, si I’'un des serveurs crache, ses taches
seront automatiquement divisées entre les autres,

6. Theme ISO 27799 : 1SO27002 12.3 backup des données,
Mesure de sécurité : Etablissement d’une politique de
sauvegarde réguliere, Description: Des sauvegardes
régulieres sont effectuées et stockées dans un batiment
différent de celui des serveurs,

7. Theme 1SO 27799 : Iso 27002 contrdle antivirus et
logiciel malveillant, Mesure de sécurité : Installation d’un
antivirus, Description : Un antivirus est installé sur les
serveurs mais pas sur les machines clients ,

8. Théme ISO 27799 : Iso 27002 13.1.1 contrdles sur le
réseau : Mesure de sécurité : Utilisation d’un Pare feu
logiciel, Description : Un pare feu logiciel est installé sur
le réseau, 1’administrateur réseau prévoit de mettre en
place un autre pare feu matériel prochainement.

9. Théme ISO 27799 : Iso 27002 10 chiffrement : Mesure de
sécurité : Utilisation du chiffrement des données transitant
sur le réseau wifi, Description : Le réseau wifi est protégé
par une clé WPA 2.

VI. LES EVENEMENTS REDOUTES :

Les sources de menace ont été identifiées les plus

plausibles sont :

e Un code malveillant accidentellement ou
intentionnellement introduit (Virus, ver, spyware...)

e Un pirate informatique cherchant des informations sur
les antécédents médicaux d’une personne en
particulier, ou cherchant a prouver que le systeme est
vulnérable ou qu’il y a négligence au sein de I’hopital.

e Le personnel médical a aussi été identifié comme étant
une source de menace que se soit délibérément ou bien
par négligence ou par curiosité mal placée.

e [’administrateur systéme, les help desk ou le
personnel de maintenance qui peuvent étre soudoyé

pour voler des données, ou bien dans une volonté de
nuire délibérément au systeme afin de se venger d’un
licenciement par exemple.

e Les accidents et les catastrophes naturelles (panne de

courant, tremblement de terre...).

Il est & noter que le personnel médical n’est pas sensibilisé
a 1’éthique, au secret médical ainsi qu’a la sécurité
informatique.

L’étude a consisté par la suite a déterminer les risques a
partir des éléments définis précédemment, et a estimer leur
gravité et probabilité d’occurrence en prenant en compte les
mesures de sécurité existantes.

VII.RESULTATS DE L’ ANALYSE DE RISQUES

Nous allons & présent présenter les résultats de I’analyse de
ces risques.

Etude des événements redoutés

Evenement redouté n°l: Indisponibilité¢ des dossiers
patients, Bien essentiel Gérer les dossiers patients
informatiques, Critére Disponibilité, Besoin de
sécurité : Disponibilitt immédiate, Source de menace :
Membre du service informatique, personnel utilisateur peu
sérieux ou malveillant, Virus informatique, Script kiddies,
Agence gouvernementale étrangére , Impact : Impossibilité de
consulter les dossiers des patients, donc de fournir les soins,
peut s’avérer mortel pour le patient Gravité : critique

Evenement redouté n°2: Modification non autorisée d’un
dossier patient,  Bien essentiel : Gérer les dossiers patients
informatiques, Critére : Intégrité, Besoin de sécurité :
Intégre,  Source de menace : Personnel du service
informatique ou utilisateur malveillant, Virus informatique,
Impact : Données medicales transmises non intégres, risques
trés important pour le patient, gravité : critique.

Evénement redouté n°3 : Divulgation d’un dossier patient a
une personne non autorisée, Bien essentiel : Gérer les dossiers
patients informatiques, Critére : Confidentialité, Besoin de
sécurité : Réserveé, Source de menace : Membre du service
informatique ou utilisateur systeme peu sérieux ou malveillant,
Virus informatique, Script kiddies, Agence gouvernementale
étrangére, Impact: Divulgation du secret médical, donc
risques de préjudice importants pour le patient et pour la
réputation de ’hopital, Gravité : Critique

Evénement redouté n°4 : site internet indisponible, Bien
essentiel : Gérer le contenu du site web, Critére Disponibilité,
Besoin de sécurité : Entre 4 et 24 h, Source de menace : Virus
informatique, Script kiddies, Impact: Site web piraté,
Gravité : Limitée.

Evénement redouté n°5 : Modification non autorisée du site
internet, Bien essentiel : Gérer le contenu du site web,
Critere : Intégrité, Besoin de sécurité : Détectable, Source de
menace : Script kiddies, Impact : Site web piraté, Gravité :
Limitée.
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Evénement redouté n°6: Indisponibilitt  des résultats
d’analyse d’un patient, Bien essentiel : Gérer les résultats
d’analyse, Critére : Disponibilité, Besoin de sécurité :
Disponibilité immédiate, Source de menace : Membre du
service informatique ou utilisateur quotidien peu sérieux ou
malveillant, Virus informatique, Script Kkiddies, Impact :
indisponibilité¢ de données qui pourrait servir a soigner les
patients, risques pour les patients, Gravité : Critique.

Evénement redouté n°7 : Modification ou altération des
résultats d’analyse,  Bien essentiel : Gérer les résultats
d’analyse, Critére: Intégrité, Besoin de sécurité : Intégre,
Source de menace: Membre du service informatique ou
utilisateur systtme peu sérieux ou malveillant, Virus
informatique, Script kiddies, Impact : Risques de préjudices
graves pour le patient et pour ’hopital, Gravité : Critique,

Evenement redouté n°8: Divulgation des résultats d’analyse a
une personne non autorisée, Bien essentiel : Gérer les résultats
d’analyse, Critére : Confidentialité, Besoin de sécurité :
Réservé, Source de menace : Membre du service informatique
ou utilisateur systeme peu sérieux ou malveillant, Virus
informatique, Script kiddies, Agence gouvernementale
étrangére, Impact: Divulgation du secret meédical,
manquement a 1’éthique et risques de préjudices graves pour le
patient, Gravité : Critique,

Evenement redouté n°9: Indisponibilité du réseau et des

transmissions, Bien essentiel : Gérer les transmissions,
Critere : Disponibilité, Besoin de sécurité: Disponibilité
immédiate, Source de menace: Membre du service

informatique ou utilisateur du systeme peu sérieux ou
malveillant, Virus informatique, Script kiddies, Impact : Peut
causer un préjudice grave au patient et a la réputation de
I’hopital, Gravité : Critique.

Eveénement redouté n°10 : Interception et modification des
données transitant sur le réseau, Bien essentiel : Gérer les
transmissions, Critére : Intégrité, Besoin de sécurité :
Détectable, Source de menace :Membre du service
informatique ou utilisateur systeme peu sérieux ou malveillant,
Virus informatique, Script kiddies, Agence gouvernementale
étrangére, Impact : Risque pour le patient et pour la réputation
de I’hopital, Gravité : Critique,

Evenement redouté n°11: Interception des données transitant
sur le réseau, Bien essentiel : Gérer les transmissions réseau,
Critere : Confidentialité, Besoin de sécurité : Réserve, Source
de menace : Virus informatique, Script kiddies, Agence
gouvernementale étrangere, Impact: Divulgation du secret
médical et préjudice pour le malade et la réputation de
I’hopital, Gravité : Critique.

A. Evaluation des événement redoutés : 9 événements a la
gravité critique
L'importance  relative  des  événements  redoutés
précédemment analysés (identifiés et estimés) est évaluée a
I'aide du tableau suivant (critéres de gestion des risques) :

Gravité Evénement redouté

Critique Altération des dossiers patients

Divulgation des dossiers patients (secret médical)
Modification non autorisée des dossiers patients

Altération des résultats d’analyse

Modification des résultats d’analyse

Divulgation des résultats d’analyse a des personnes non
autorisée

Interception des transmissions transitant sur le réseau
Indisponibilité du réseau ou du systéme

Modification des données transitant sur le réseau

Modification non autorisée du site internet
Indisponibilité du site internet

limitée

VIII. ETUDE DES RISQUES

B. Les risques : 11 risques analysés

Nous avons établi la liste des risques a partir des
événements redoutés et des scénarios de menaces
précédemment appréciés.

Les mesures de sécurité existantes ayant un effet sur chaque
risque ont également été identifiées.

La gravité et la vraisemblance ont finalement été estimées,
sans, puis avec, les mesures de sécurité.

Risque lié¢ a I’indisponibilité du réseau ou de la base de
données.

Evénement Besoin de Sources de Impact Gravité
redouté sécurité menace
Indisponibilité | Disponibilit¢ | Employé Impossibilité Critique
de réseau ou | immédiate peu sérieux | de prodiguer
des  résultats ou les s0ins
d’analyse malveillant, | nécessaires a
Incendie un patient
des locaux
ou panne de
courant,
Script
kiddies
Intégrité  des | Intégre Employé Les données | Critique
donnes peu sérieux | transmises sont
stockées sur la ou fausses
base de malveillant,
données ou sur Script
le réseau kiddies
compromise
Confidentialité | Réservée Employé Divulgation du | Critique
des  données malveillant | secret médical
stockées sur le ou ayant | et
réseau une d’informations
compromise curiosité a caractére
mal placée personnel
Disponibilité Disponible Employé Atteinte a la | Limitée
du site internet | dans les 24h malveillant | crédibilité de
I’établissement
Intégrité du | Intégre Employé Atteinte a la | Limitée
site internet malveillant | crédibilité de
I’établissement
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C. Les mesures proposées pour [’amélioration de la sécurité
du systéme :

Le risque d’acces illégitime et de la modification non
désirée des données personnelles des patients doit étre évité ou
réduit & un niveau acceptable, des mesures de sécurité
supplémentaires doivent étre déterminées et implémentée en
plus de celles déja existantes. Les mesures supplémentaires que
nous allons proposer sont toutes issues des standards [2] et [3]

La législation algérienne est également en retard en matiére
de protection de données a caractere personnel en comparaison
de la Tunisie et du Maroc et bien slr en comparaison aux pays
développé comme la France. En effet la France a adopté en
1978 une loi nommée « informatique et liberté ». Ce texte
fournit un cadre légal pour la collecte, le stockage et
I’exploitation ou la divulgation d’informations personnelles, ce
texte défini également le droit des personnes a la vie privée.
Mais le plus important c’est qu’en premier lieu cette loi a
défini ce qu’est une donnée a caractére personnelle, le code de
déontologie medical frangais renvoie aussi a cette loi en
matiere de protection du secret médical et des données
collectés dans le cadre de la e-santé. La Tunisie et le Maroc ont
aussi promulgué des lois similaires, depuis respectivement
juillet 2004 et février 2009. Cependant 1’Algérie reste sans
cadre I’égale qui puisse définir les droits et responsabilité des
Algériens ainsi que des organisations qui collectent et
exploitent ces données.

Conformément a I’article 10.1 de [3] Nous proposons de
chiffrer les données dans la base de données afin rendre les
dossiers médicaux anonymes et indéchiffrable pour ceux qui
ont un acces direct a la base de données, ou a d’éventuels
pirates qui téléchargeraient ces données, ceci va réduire le
risque d’accés illégitime aux données, Les noms, prénoms et
affiliations des patients ainsi que les mots de passes des
utilisateurs du systéme doivent étre chiffrés.

En application de D’article 7.8 de [2], Nous proposons
également de mettre en place un systéme d’accés basé sur le
principe de moindre priviléges (exemple : une infirmiére n’a
pas besoin d’accéder a tout I’historique du patient ou a tout son
dossier médical méme si celui-ci est hospitalisé au sein de son
service).

Conformément a Darticle 9.2 de [3] nous proposons
d’établir des procédures d’authentification forte pour
I’ensemble du personnel médical, la solution la plus évidente
est D'utilisation d’une carte professionnelle électronique, ce
genre de carte peut fournir un haut degré de sécurité, et peut
étre également utilisé pour la signature électronique de
documents. Cependant avec 1’absence de ce genre de carte en
Algérie, nous pouvons utiliser un systtme de mot de passe a
usage unique (otp) en transmettant par exemple un mot de
passe par sms a lutilisateur qui veut s’authentifier. Ces
mesures vont aider a réduire les risques en reduisant les
capacités des sources de menace.

Par ailleurs, la tracabilité des transactions doit étre
sérieusement prise en compte, les connections au systéme
depuis les machines client ainsi que les requétes de bases de
données doivent étre horodatées et enregistrées, les logs

doivent étre transfeéré vers des serveurs dédiés, et des mesures
doivent étre prises afin de garantir ’intégrité de ces logs. Ceci
va réduire les risques ainsi que le sentiment d’impunité des
sources de menace.[3].

Une autre mesure devrait étre prise afin de réduire les
risques :

Formaliser une procédure a mettre en ceuvre en cas de
violation du périmetre de sécurité afin de réduire 1’impact, et
communiquer avec les utilisateurs du systeme afin de les
rendre au courant des risques ainsi que des procédures a
appliquer en cas de probleme de sécurité. Le social
engineering étant considéré comme la plus importante source
de menace, toutes les mesures de sécurité ne seront pas
efficaces si ’utilisateur de base du systéme n’est pas sensibilisé
aux bonnes et mauvaises pratiques en matiére de sécurité
informatique. [3]

IX.CONCLUSION

Les systemes e-santé requiérent des mesures de sécurité
spécifiques afin de garantir la protection des données
personnelles et de facon générale la confidentialité, intégrité et
disponibilité du systeme ainsi que des données.

La e-santé requiere également un cadre légale afin de
réguler les activités qui lui sont liées, notamment la collecte, le
stockage, et I’utilisation de ce genre de données.

Dans cet article nous avons présenté les résultats d’une
analyse de risques a I’aide de la méthodologie EBIOS. Cette
analyse a été effectuée dans un hopital qui utilise un systeme
d’information pour la gestion de ses dossiers patients. Nous
avons proposé des mesures de sécurité afin de réduire les
risques identifiés.

Nous avons proposé des mesures en accord avec les
standards internationaux qui devraient permettre aux
institutions utilisant déja ce genre de systéme de continuer a les
utiliser avec un degré de risque acceptable.
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Abstract—The increasing of Internet of Things (IoT) call to
scalable solutions. The IETF ROLL (Routing over low power and
Lossy Network) working group proposed an IPv6 routing solution
of these networks under the specific deployment scenarios and
constraints (less memory, power consumption and complexity)
for better performance of 6LoWPAN devices. In this work, we
are studying a popular implementation of RPL (routing protocol
for low power and lossy network) to provide knowledge of
these standards. An objective function (OF) defines how a RPL
node selects routes. we use the Contiki operating system and
COOJA simulator to evaluate the behavior of the ContikiRPL
implementation with this two OF. The metrics evaluation using is
the traffic overhead, latency, and energy consumption and packet
delivery ratio, which are essential to the global performance of
a wireless sensor network. The result shown that, the ETX as a
preferred objective function for most of the scenarios.

Index Terms—IOT, RPL, Objective Function, OF0, ETX,
Contiki, COOJA.

[. INTRODUCTION

IPv6 Low power Wireless Personal Area Networks 6LoW-
PAN group defined compression and encapsulation mecha-
nisms that enable the IPv6 packet to be transmitted over
an IEEE 802.15.4 protocol in intelligent switching networks.
These networks with devices are limited through constrained
computing and storage power often occurring in very variable
link quality conditions that named LLNs. The growing net-
work of IoT called scalable solutions Routing in LLNs is one
of the key issues for the emergence IoT. A routing protocol
suitable for LLNs must agree to strict constraints of delay,
while maintaining a minimum control overhead, networks
Convergence, energy consumption, latency and packet delivery
rate (PDR) and should be able to provide rapid recovery of
frequent failure link. The protocol must be optimized for
different applications such as with limited resources. IPv6
routing protocol for low power and Lossy Networks (RPL) has
been proposed in [1] because it met the initial requirements of
LLNs [2]. However, another protocol called LOaDng Ad-hoc
on demand distance vector routing protocol Next Generation
has been proposed in [3]. It uses a completely different
approach to RPL and some studies show it works better in

some scenarios. An objective function (OF) defines how a
RPL node selects and optimizes routes within a RPL instance
based on the information objects available. RPL uses two
objective functions, namely OF0 and ETX. In this paper
we evaluate the two objective functions. in this work we
evaluate with different metric the impact of choice of OF
The remaining of the paper is organized like follows: we
describe the RPL protocol in section 2 and existing work in
section 3.performance evaluation and comparisons of two OF
are provided in section 4.Finally, conclusions, perspectives are
drawn in section 5.

II. ROUTING

In this section we briefly preview the RPL protocol princi-
ples. For more information on RPL, the reader must relate to
RFC 6550 [1].

A. IPv6 routing protocol for low-power and lossy networks

Routing protocol for low power and lossy networks (RPL)
is IPv6 routing protocol for low power and lossy networks
designed by IETF routing over low power and lossy net-
work (ROLL) group [4] as a proposed standard. He create
a Destination oriented directed acyclic graph (DODAG) using
an objective function (OF) and a group of constraints. DAG
minimizes the cost of arriving the LLN DAG root of any
node in the network using the OF. An objective function (OF)
defines how a RPL node selects and optimizes routes within
a RPL instance based on the information objects available.

ContikiRPL implements two routing metrics:

o Hop Count: This metric counts the number of hops from
the source to the destination. A hop count of 2 means
there are 2 intermediate links between the source and
destination.

o Expected Transmission Count (ETX): ETX of a link is
the expected number of transmissions required to send a
packet over that link. The path ETX is the sum of the
ETX of all the links along the path. The ETX of a path
with 3 links of 100% delivery ratio is 3, whereas the ETX
of a path with 3 links of 50% delivery ratio is 6.
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RPL uses “up” and “down” directions terminology regarding
the movement of traffic LBR (LLN border router) is a DAG
root has a rank of 1 and initiates formation of DAG by adver-
tising information on using the DAG information option (DIO)
which carries much information about the DAG, including the
transmitting node distance of the LBR.

Nodes receiving DIO, calculate its distance to LBR in along
the cost received DIO and its own cost to reach the transmitting
node. It selects a node that provides the lowest cost to reach
the LBR as a parent.

The node unicast their addresses and reachable prefixes to
their parents via Destination Advertisement Option (DAO)
messages, which in turn unicast them further up the DAG
to advertise destinations reachable through them in support
of down traffic. Thus, eventually all DAOs reach the LBR,
providing routing information about the whole DAG.

RPL has been normalized to operate two modes:

o In the storage mode: a node of the LLN is capable of

storing routing tables and next hop information for all
nodes in the subtree.
Whenever the node transmits messages DAO via itself or
one of its child nodes that contains a destination prefix
available. A downward route is maintained at each node
in the DAG. So, when a node 'n’ Announces DAO for a
specific destination, the receiving node store the node 'n’
as the next hop for this specific destination. DAO method
of propagation is shown in figure (1), where the node 21
acts as the next hop for destination nodes 5, 37, 24, 22
to nodes 45, 4, etc.

e In the non-storing mode: the nodes do not store the
routes to a destination but only to the root of the DAG.
Therefore, any node when it receives DAO from children
or other nodes in its sub tree transmits directly to its
parent. DAO in non-storage mode are unicasted toward
root of the DAG. The LBR is a device who stores all
routes to any node in the network and its more storage
capacities than other LLN nodes. A DODAG information
solicitation message (DIS) can be used by nodes to solicit
information about DAG.

B. Trickle Timers

The algorithm Trickle controls the DIOs transmission in-
terval [5]. The idea is to reduce overhead. DIO are also sent
periodically to each node, initiated by a timer (trickle timer),
the duration increases exponentially (doubled after each time
it is fired). On any event that causes a change in the DAG
structure (as a new parent selection), this counter is reset to
the value Imin contained in the DIO

By increasing the time between DIOs, the protocol elimi-
nates the need to exchange neighbor information early that the
network can become stable after a few rounds of information
exchange.

There are three configurable parameters in the Trickle
Timer: Imin, Imax and redundancy constant k [5] and ex-
plained below.

Fig. 1.

RPL Network Construction

e The value of Imin: is determined by the RPL

parameter DIO Minimum Interval (In Contiki:
RPL_DIO_INTERVAL_MIN) and computed as:
Imin — 9RPL_DIO_INTERVAL_MIN )

e The value of Imax: is used to limit the number of times
the Imin can be doubled. The value of Imax is deter-
mined by the RPL parameter DIO Interval Doublings
(In Contiki: RPL_DIO_INTERVAL_DOUBLINGS) and
computed as:

2RPL_DIO_INTE'RVAL_DOUBLINGS

2
o Redundancy constant (k): It is a natural number greater
than O and is used to suppress the DIO transmission.
Trickle listening if the transmission is in progress, it
increments its own counter C. At time t, Trickle performs
transmission only if the counter C is smaller than the
constant k redundancy otherwise, the transmission is
suppressed.

Imax = Imin x

ITI. RELATED WORKS

Several papers discuss the performance of different imple-
mentations of routing protocol for Low Power and Lossy
Networks (RPL). The RPL performance Internet draft [1]
evaluates the protocol by set of routing metrics (control packet
overhead, delay, routing table size, loss of path, path quality)
in tested scenarios. Implementation of RPL for TinyOS is
presented in [6] and authors discuss the packet reception
ratio, routing protocol overhead and reply ratio, as part of
the performance analysis. Stability metrics of RPL have been
studied in [7], and Routing overhead and delay induced
by ContikiRPL implementation is studied in [8].Authors in
[9] evaluate different optimized broadcast techniques for use
in RPL. Possibility of applying broadcast-based metrics in
wireless networks is discussed in [10], and authors observed
the excessive sensitivity of broadcast-based metrics in their
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divide it by the number of successfully received packets

at the sink.

TABLE I
PARAMETRES OF SIMULATION
Settings Value
Mote type Tmote Sky
Transport layers UDP +

network layers _IPv6 + 6LoWPAN

“

MAC layer non-slotted CSMA + ContikiMAC

Radio interface IEEE 802.15.4

2) The Network Latency can be computed using the follow-

Wireless channel model | Unit Disk Graph Medium (UDGM):Distance Loss

ing equation.

n

Communication range Sm
Simulation time 1h
TABLE 11
PARAMETRES OF RPL
Parameter Value

Mode of operation
Rank metric

non-storing
hop count and ETX

DIOIntervalMin 2s
DIOIntervalDoublings 20
DIO Redundancy Constant 1

DAOInterval 15s

test beds. [11] Uses ETX as the RPL routing metric for
the advanced metering infrastructure (AMI) in Smart Grid to
construct and maintain the DAG. A framework for low power
IPv6 routing simulation, experimentation and evaluation based
on Contiki OS and Cooja simulator has been proposed in [12],
[13]. Authors in [14] used the Contiki framework to evaluate
the performance of a PLC network serving as a LLN backbone.

IV. SIMULATION AND EVALUATION
A. SIMULATION SETTING

We used the link failure model is emulated by using Unit
Disk Graph Model (UDGM) in [15]. It uses two different range
parameters one for transmission and one for interference with
other radios

The probability of success of packet reception at a node at
a distance D from another node with R is the reception range
and RX defines the success ratio and D is less than or equal
to R can be computed as:

(1 - RX) x (1 - (D*/R?)
3)

We create a network with the Cooja simulator containing
50 client nodes using UDP client and one server uses UDP
server and act as the root. We use Contiki Test Editor to create
a (log COOJA.test) log file for all outputs of the simulation
we analyze at the end of the simulation using AWK script.

The parameters for the Simulation and its environment are
shown in Table I

The settings for RPL are listed in table II

Probability of success

B. Measuring the performance metrics
We read the log file line by line and collect information
about the node id, type of packet and his number and time for
sending and receiving for calculate this metrics: [13]
1) The average Packet Delivery Ratio we measure the num-
ber of sent packets from all the nodes to the sink and

Total Latency = Z (recv time(k) — send time(k))

K=1

)
Where n is the total number of packets received success-
fully, and we compute the average Latency :

Average Latency = Total Latency / Total Packets Received

(6)
The Control Traffic overhead for each node, we collect
the message DIO/DIS/DAO sent, upon the type of control
message. these control messages per node sum up for the
total RPL network control overhead.

3)

n m l
Control Overhead = Z DIO(k) + Z DIS

K=1 K=1 K=1
(7
The power consumption is computed with the mecha-
nism of Powertrace system available in Contiki [16].
Powertrace estimate the energy consumption for CPU

processing, packet transmission and listening

4)

C. Comparison of Objective Functions

In this section we evaluate two objective functions OFs
implements in ContikiRPL for the path selected by these
OFs its differ in Packet Delivery Ratio, Latency and Energy
consumption, of the network for the upward traffic (traffic from
client nodes towards the sink node and is a kind of multipoint
to point traffic).

1) Packet Delivery Ratio: The figure (2) illustrates the
increasing of the average packet delivery ratio computed from
equation depending packet Reception Ratio RX (%). The
packet delivery ratio of ETX is a little better than OFO in this
small simulation, which proves the efficiency of ETX versus
OFO0.

120

100

mOF0

PDR %

WETX

20

30

40 50 60

RX %

70 80 90 100

Fig. 2. Packet Delivery Ratio of OF0 and ETX in Contiki

80

PDR = (Total Packets Received / Total Packets Sent)x100

(k) + Y DAO(k)
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2) Network Latency: The figure (3) shown the Latency
of OF0 against ETX. We can see from the figure that ETX
performs better than OFO0 because it considers link constraints
details i.e. ETX compute the best paths. The difference is more
evident in more lossy links but as the lossyness decrease (RX
ratio increase) the Latency becomes equal.

W OF0

Latency (s)

HETX

Fig. 3. Networks Latency of OF0 and ETX in Contiki

3) Overhead: The figure (4) shown the overhead of OF0
against ETX. The overhead of ETX is less than OF0, which
proves the efficiency of ETX who generate less control packet
versus OF0 bbecause the environment converges quickly.

10000
9000
8000
7000
6000 -
5000 -
4000 -
3000 -
2000 -
1000 -

WETX

HOF0

Overhead

DIO

Fig. 4. Networks Latency of OF0 and ETX in Contiki

4) Energy Consumption: Network energy consumption
early is more with a network with great loss but as we decrease
the lossyness in network energy consumption also decreases
as shown in figure (5)

This is because the environment with more loss than re-
transmissions in an environment without loss.

The objective function OFO selects the shortest path, which
is not the best than objective function ETX in terms of ETX
constraints. As a result, the nodes make other broadcasts,
which there consume more energy. Since LLN has a nature
with loss of quality rank changes frequently and therefore the

TABLE III
SUMMARY OF THE RESULTS
Metric OF0 ETX
Packet Delivery Ratio (%) 88.22 92.87
The Network Latency (s) 0.89 0.70
Overhead 3930 | 6353.33
Energy Consumption(%Radio ON) | 42.93 32.63

ETX for path changes frequently. ETX takes into account the
path ETX for computation and can therefore reproduce the
link status more precisely at any time in a RPL network

70,00

60,00

50,00

40,00

mOF0

Energy %

30,00

WETX
20,00

10,00

20 30 40 50 60 70 80 90

RX %

Fig. 5. Energy Consumption of OF0 and ETX in Contiki

5) Summary of the results : We observed in the Evaluation
that Objective Function ETX provides better Network Latency,
Energy consumption and PDR and this difference is more
important in more lossy environments. Therefore, ETX is the
most efficient Objective function from this analysis and it
provides a better use of the limited resources of LLN. The
performance of both OF0 and ETX is summarized in Table
I

V. CONCLUSION

In this article, we evaluate and analyze the performance of
IETF routing protocol using RPL COOJA simulator under the
Contiki operating system with these two objective function
OF0 and ETX. We analyze the performance of network con-
struction process by measuring several important parameters
latency and energy pdr,then we study the performance and
possible situations during the operating phase of the WSN.
The results indicate that RPL with ETX is a fairly robust
protocol for WSN. the ETX as a preferred objective function
and its gives better performance in term of overhead , latency
and PDR. In addition, our work provides guidelines for
future Internet design objects with IPv6 enabled network. in
perspective we will compare the RPL protocol with LOAD-ng
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Abstract— The composition of web services can meet the needs
of increasingly complex user by combining multiple distributed
web services, which may be unavailable or inaccessible. The
automatic planning can be exploited to dynamically compose web
services. In this paper, we propose a model of web services
composition based on multi-agent planning that integrates
automatic substitution process based on communities. These last
bring together agents services (web services representatives) that
meet the same functional requirements to ensure high availability
of services.

Key Words—web service, composition, multi agent system,
planning, high availability of web services, community.

I. INTRODUCTION

Web services are self-contained component applications
that can be described, published, located and invoked over
Internet. Descriptions of web services enable web services to
be discovered and used by other web services. These
descriptions are described using a standard XML-based
language. Descriptions divided to two features: The functional
features are needed to invoke the execution of a web service
and non functional features are such as cost, response time,
reliability etc ([1], [2], [3]). Web service composition is about
finding services that perform a specified task [4]. Web service
composition is an important technology in domain of web
service and its targets is reusing existing web services. There
are the two types of web service composition: syntactic
composition and semantic composition. The syntactic
composition is based on syntactic descriptions. And other is
based on semantic descriptions. In semantic web service
composition is used from concepts of ontology for to add
semantic description instead of the parameter values. In the last
years several papers have dealt with the composition of web
services. The high availability of Web services engaged in
composition scenarios is now supported by the approach based
on the use communities grouping services according to their
functionality. Order Web Services with preconditions and
effects is very similar to an automatic planning problem [5].
Planning has indeed a role to find a sequence of actions, or
plan to, from an initial state, reach a goal state, expressed by
the user.
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In our work we focus the various works of the composition
of web services based on multi-agent automatic planning, and
presents high availability of web services that ensures the
proper functioning of the system where a web service is
inaccessible. In this context, we propose a composition model
based on automatic multi-agent planning. The proposed model
incorporates a process of substitution based on communities.
This process consists in replacing a failed service agent (web
service) by another one. The new agent is adhering to
community offering functionality equivalent to the failed agent
service (web service) to ensure its availability.

Several works are oriented on artificial intelligence based
on the automatic planning. They rely essentially based on
classical planning ([6], [7], [8], [9] et [10]), planning based on
the rules [11] and hierarchical planning [12] which propose
planner shop2. It is used for the automatic composition of web
services that are described using the DAML-S. Shop2 is a
planner of type network task hierarchical (HTN, Hierarchical
Task Network). The most of these works have highlighted the
fact that the syntactic description (WSDL) service is
insufficient and proposed solutions based rather on a semantic
description (OWL-S).

The rest of the paper is organized as follows: Section 2
presents the high availability of web services. In Section 3 we
present our multi-agent architecture based on communities and
also our model of web service composition using multi-agent
planning. In section 4 we present our implementation. We end
this paper with a conclusion and some future work.

Il. HIGH AVAILABILITY OF WEB SERVICES

Auvailability is the ability to provide a certain level of
service for a situation where one or more components of a
system have failed. The failure can be programmed (scheduled
maintenance) or unprogrammed (breakdown). The realization
of high availability is to eliminate single points of failure which
are summarized in the existence of a single source of a
resource. The goal is that when a failure occurs, users can still
access the service.
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Approaches supporting the availability

Traditional solutions realize the availability of web services
on the replication [13] [14] [15]. Briefly, replication is the
distribution of copies of a software application (eg web
service) in a network according to strategies namely: active,
passive or hybrid [16], and if one copy fails, the others can
continuous to provide service. This approach known several
drawbacks including two major namely:

e The synchronization of all recurrent states of copies
after each query execution and that, to ensure
consistency. ;
will occur.

To cope with these drawbacks, Maamar et al propose their
approach to the availability based community of web services
[17] which is to group web services into communities
according to their functionality.

I1l. THE PROPOSED ARCHITECTURE AND MODEL OF WEB
SERVICES COMPOSITION

Our model of web service composition is modeled by an
agent-based architecture that defines several levels of
responsibility. Three types of agents compose it: a set of
atomic services agents (representative atomic web services), a
composer agent, and a set of master Agents communities
(representatives of special web services).

According to the different types of agents defined, our
architecture allows to define several levels of responsibility:

e The responsibility of representing a web service atomic

when composing is ensured by atomic service agent.

e The responsibility to analyze the user query (global

service), to decompose it into sub-queries (sub-
services), in case of composite service and coordinate
the execution of the composed service, is provided by
the composer agent.
The responsibility to represent a special web service
that defines a set of atomic services agents (web
services atomic) with the same functionality, select an
atomic service agent for the execution a atomic service
of decomposition, and the substitution of a faulty
atomic service agent or unavailable by another, is
provided by the master agent community.

e The update of the code in these copies when a change [,

Community 1

OWL-S Global

Master Agent
Community 1

Master Agent
Community 2

Master Agent
Community N

Fig 1. Multi-agent architecture based on communities for dynamic
composition of Web services

I11-1 INITIALIZATION AND ARCHITECTURES OF CONSIDERED
AGENTS

All of our agents are initialized with their architecture
semantic descriptions. The atomic service agent is initialized
with the semantic description of a web service atomic. The
master agent community is initialized with semantic
descriptions of all atomic web services which offer the same
functionality. The composer agent is initialized with the global
semantic description. Services that are defined in OWL-S are
represented by operators planning in the case of atomic
services, by decomposition methods in case of composed
services. In the following, we present different modules of the
composer agent and atomic service agent.
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Planner : allows to decompose the composite service, until
obtain atomic services.

Module dialog : allows to exchanging proposals between the
composer agent and the masters agents communities for an
atomic service.

Atomic Service Agent

Competence base

Knowledge base

starter, stop

Executor

propose

Module Dialog diagnose
l T Diagnostician
send receive

Executor : executes atomic service

Module dialog : allows to exchanging proposals between the
atomic services agents and the masters agents communities.
Diagnostician : to detect the failure of the atomic service agent

I11-2 COMPOSITION MODEL

The phases that compose the proposed model are the
planning, allocation of tasks (services) and execution of the
plan with the substitution of an atomic service agent failed.

Phase 1: In the planning phase we seek to answer the
question: 'What should we do?. Planning is decomposed into
two phases: determining the global service and the
decomposition of composite service. Determination phase of
global service (user request) , composer agent must parse the
query if the query concerns a service atomic the composer
agent directly invokes the master agent community concerned,
the latter selects an agent among agents atomic services in the
community. By against, if the query is a description of a
composite service, we go into the second phase is the
decomposition of composite service. In this phase the
composer agent must use the iterative decomposition method
that represents the composite service. The effect of this method
is to make the decomposition in order to arrive at atomic
services (the operators planning).

e The goal of the decomposition phase is to build an

atomic plane that contains only operators planning

(atomic services). These operators are linked by
constraints (order relations).

Phase 2: After the decomposition of global service into
atomic services, and for each atomic service the composer
agent seeks community that offers this service to achieve
atomic service. The master agent community must negotiate
with atomic services agents in the community and after
negotiation; it selects the atomic service agent who submitted
the best deals perform this service. The selected atomic service
agent assumes the role of primary, meaning that execute the
atomic service. The negotiation protocol is characterized by a
sequence of messages exchanged as part of the Contract Net
Protocol [17]. The negotiation starts with master agent
community who must announce (offers) a set of atomic
services agents for the realization of service. The atomic
services agents who receive service announcement to
accomplish, evaluate it (create a commitment). Each atomic
service agent may refuse to perform the service, accept, make a
proposal in response-against or respond it did not understand.

Phase 3: After the creation of the atomic plane by
composer agent, it coordinates the different services of the
plan, according to the constraints defined at the atomic plane.
Our model treats the failure or fault tolerance, for this we
integrate a substitution process based communities [17] which
can replace the failed primary agent by another agent before or
during execution. Indeed, atomic services agents of the
community can accept or refuse to take the role of support. In
case of acceptance, if the primary agent fails (see Figure 2),
their module diagnostician notify its master agent community

to select another agent.
Selected Agent \
primary agent support
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Fig 2. Substitution process based community

IV. USE CASE

The proposed application implements the composition of
two atomic web services (atomic services agents) to solve an
equation of the second degree (Ax2 + Bx1 + C). In our
proposed architecture, we will implement two communities
(one provides a delta and the second provides solutions
according to delta) to ensure high availability of atomic
services agents. We use a Java language and platform JADE
programming to develop our multi-agent systems.
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IV-1 FUNCTIONS OF AGENTS

e composer Agent: Is an agent that manages the
process of composition, initiating order (planning)
both master agents communities, as follows:

- Getting from user interface the parameters
(AB,C).

- Start the master agent community 1 and
their services atomic agents by sending a
message request.

- Send parameters (A, B, C) to the master
agent community 1 (delta calculation).

- Getting delta.

- Start the master agent community 2 and
their services atomic agents by sending a
message request.

- Send parameters (A, B, C and delta) to
master agent community  2(Solutions
calculation).

- Retrieve and display solutions.

- Show names of the atomic services of the
two communities that have been unavailable
and the names of the services agents who
have substituted agents.

e Community 1 : Contains the following agents
v' Master agent community 1: manages the

community 1, after receipt of the request of the
composer, it started negotiations with its three
services atomic agents. Negotiation ends with the
selection of a single atomic Service agent to
perform the calculation of delta. The master
agent community 1 get delta, and sends the result
to the composer agent.

v' Atomic service agent : Three atomic services
agents providing the same function (delta
calculation) are defined in the community 1.

e  Community 2 : Contains the following agents
v" Master agent community 2: Is an agent that

manages the community 2, after receipt of the
request of the composer, it started negotiations
with its three services atomic agents. Negotiation
ends with the selection of a single atomic Service
agent to perform the calculation of solution. The
master agent community 2 get solution, and
sends the result to the composer agent.

v/ Atomic service agent : Three atomic services
agents providing the same function (solution
calculation) are defined in the community 2.

IV-2 NEGOCIATION BETWEEN THE MASTERS AGENTS
COMMUNITIES AND THEIR ATOMIC SERVICES
AGENTS

The master agent community (community 1 or 2) sends to
his three atomic services agents a message that contains the
primitive REQUEST. After reception of this message, each
atomic Service agent can send a message that contains the
primitive ~ ACCEPT_PROPOSAL or REFUSE or

NOT_UNDERSTOOD. The master agent community
selects one agent who sent ACCEPT_PROPOSAL, this
selection is made by sending a message containing the
CONFIRM primitive and parameters.

The atomic service agent selected by the master agent
community can be:

- Able to achieve the request, in which case it sends a
message containing the primitive CONFIRM and the
result to his master agent community.

- Failure, in this case the diagnostician of atomic
service agent sends a message containing the
primitive FAILURE to his master agent community,
the latter receiving this message, it starts a new
negotiation with its atomic services agents.

IV-3 EXEMPLE OF EXECUTION A COMPOSITION

The following example shows that the master agent
community relaunch a negotiation process after each receiving
a FAILURE message from an atomic Service agent to replace
it with another. The first negociation, the agent selected is
displayed on the interface under the name agentseratoqld? is
failure (see Figure 3). In the second negotiation, the agent
selected is displayed on the interface under the name
agentseratoqld0 (see Figure 4) is failure. In the third
negociation, the selected agent and calculated delta is
displayed on the interface as agentseratoqld0 name and the
result (see Figure 3).

For two negociations, we can find the same atomic service
agent failure in the first negotiation and available in the
second negotiation.
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Fig 3 : Final result of a negotiation for community 1
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Fig 4. Display the name of an agent that is in failure

After calculating delta, the master agent community 2
replaces the agent name agentseratog2sO in the first
negociation by the agent name agentseratoq2s0 in the second
negotiation (see Figure 5).

The agent who has been failed, the agent who made the
calculation and its result are displayed on the user interface
(see Figure 5).
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Fig 5. Substitution of one agent failure by another for community 2

After the composition, we can see the result of the final
negotiations of the two communities. The result of negotiating
displayed contains the name of Atomic Service agent
confirming the calculation and the number of message

exchanged between the master agent community and its

atomic services agents (see Figure
6)
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Fig 6. Final result of a negotiation for community 1 and community 2
V. CONCLUSION

In this paper, we presented a multi-agent architecture based
on communities for the dynamic composition of web services
and proposed a substitution solution of a failed atomic service
agent by another one equivalent belonging to the same
community for ensuring high availability of services in the
composition. The agents are initialized with their semantic
descriptions (OWL-S). We proposed an implementation to
validate the proposed architecture. The implementation
provides two services dynamic composition and substitution of
a service failed by another available service. Like perspective
we try to apply our implementation for more than two services.
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Abstract— The most important messaging technologies
proposed as the foundation of the next generation of Internet of
Things (10T) and more specifically the application layer protocols
are reviewed in this document. 10T is not largely deployed
because of the absence of a unified architecture and there is no
common agreement in defining protocols and standards for all
10T parts. In this paper, we present and compare existing loT
application layer protocols as well as protocols that are utilized to
connect the things but also end-user applications to the Internet.
We highlight on IETFs CoAP, IBMs MQTT, OASIS AMQP,
XMPP from XMPP Standards Foundation, and RESTful. Then
we argue their suitability for the M2M communications by
considering reliability, security, and interoperability. Finally we
present a conclusion about our study.

Keywords—Internet of Things (10T), Application Layer
Protocols, Request/Response, Publish/Subscribe, CoAP, MQTT,
AMQP, XMPP, RESTful, M2M

INTRODUCTION

The Internet of Things deals with a huge number of end-
devices with sensing, actuating, treatment, and communication
capabilities that are able to be connected to the Internet [1].
These devices can be connected using different technologies
such as 2G, 3G, LTE (Long Term Evolution) or they can be
connected over a gateway, creating a LAN (Local Area
Network), to get Internet connection. The end-devices form
Machine to Machine (M2M) networks using different radio
technologies, such as Zigbee, Wi-Fi, or Bluetooth.
Independently the précis wireless technology used to deploy
the M2M network, all the end-devices should make their data
available to the Internet [2]. This can be reached neither by
transferring the information to a proprietary web server
reachable from the Internet.

Our paper focuses on the protocols that handle the M2M
communications. In section 2 we describe the application
layer protocols that are used to update online servers with the
latest end-device values but also to carry commands from
applications to the end-device actuators. The rest of the paper
is organized as follows. Section 3 describes the
implementation architectures of application layer protocols. In
Section 4 we discuss the QoS, interoperability and security
features of each protocol, we present the results as a
comparative table. Finally, in Section 5, we present overall

conclusions based on the previous sections and we provide
further research areas.

APPLICATION LAYER PROTOCOLS

COAP

The Constrained Application Protocol (CoAP) is a
synchronous request/response application layer protocol that
was created by the Internet Engineering Task Force (IETF) to
target constrained-recourse devices. It was designed by using
a subset of the HTTP methods making it interoperable with
HTTP.

The protocol is used for machine-to-machine (M2M)
applications like smart energy and building automation.

CoAP runs over UDP to maintain the global implementation
lightweight. It uses the HTTP methods GET, POST, PUT, and
DELETE to supply resource-oriented interactions in a client-
server architecture. CoOAP is a request/response protocol that
utilizes both synchronous and asynchronous responses [3].
The aim for designing a UDP-based application layer protocol
to handle the resources is to remove the TCP overhead and
reduce bandwidth requirements [4]. Furthermore, CoAP
supports unicast as well as multicast, as opposed to TCP,
which is by its nature not multicast-oriented.

MQTT

Is a Lightweight broker-based publish/subscribe messaging
protocol created by IBM to be open, simple, lightweight and
easy to implement. These features make it ideal for use in
constrained environments, where the network is dear, has low
bandwidth or is unreliable, or when resources runs on devices
with limited processor or memory.

The protocol includes the publish/subscribe message pattern to
provide one-to-many message distribution and decoupling of
applications. It uses TCP/IP to provide basic network
connectivity. [5]

In MQTT there is a broker (server) that contains topics. Each
client can be a publisher that sends messages to the broker at a
specific topic or/and a subscriber that receives automatic
messages every time there is a new update in a topic he is
subscribed to.

MQTT is designed to use battery and bandwidth usage
moderately, which is why it is currently used by Facebook
Messenger. [6]
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Moreover, MQTT uses TCP, it have low overhead compared
to other TCP-based application layer protocols. [7]MQTT
Devices include sensors and actuators, embedded systems on
vehicles, mobile phones, or laptops.

AMQP

The Advanced Message Queuing Protocol (AMQP) is
originally created in 2003 by JPMorgan Chase, and it is
accepted by world’s leading banking, financial and IT
companies. From October 2012 is member of OASIS.

AMQP is a binary, application layer protocol, created to
efficiently support a wide variety of information applications
and communication models. It can utilize different transport
protocols but it assumes an underlying reliable transport
protocol such as TCP [8].

AMQP provides flow controlled, message-oriented
communication with message-delivery guarantees such as at-
most-once, at-least-once and exactly-once, and authentication
and/or encryption based on SASL and/or TLS [9].

It can utilize different transport protocols but it assumes an
underlying reliable transport protocol such as TCP.

XMPP

The Extensible Messaging and Presence Protocol (XMPP)
was standardized by the IETF over a decade ago, it was
designed for streaming Extensible Markup Language (XML)
elements in order to exchange structured information in close
to real time between any two network endpoints.

XMPP uses TCP and furnish publish/subscribe and also
request/response messaging systems. It is designed for near
real-time communications and thus, it supports small
messages and low latency message exchange [10].

Restful

The Representational State Transfer (REST) is not really a
protocol but an architectural style. It was first introduced by
Roy Fielding in 2000 [11].

REST uses the HTTP commands GET, POST, PUT, and
DELETE to furnish a resource-oriented messaging system. To
indicate the format of the data that it contains it uses the built-
in accept header of HTTP. The content type depends on the
HTTP server and its configuration it can be XML or JSON
(JavaScript Object Notation). REST is supported by all the
commercial M2M cloud platforms that’s what makes him an
important part of the 10T. Moreover it can be implemented in
smartphone and tablet applications easily because it only
needs an HTTP library. The characteristics of HTTP can be
completely utilized in the REST architecture including
authentication, cashing, and content type negotiation [12].

IMPLEMENTATION ARCHITECTURES

Message broker

The most of implementations of AMQP, MQTT, and XMPP
are broker-based. Publishers send messages to a broker which
is considered as the core of the publish/subscribe protocol. A
broker can supports thousands of simultaneous connected
clients. The broker is responsible for receiving, filtering all
messages, decide who is interested in it and then delivering

the message to the subscribers. The broker usually uses a store
and forward function to route messages. Some messages in a
queue may be prioritized by the broker before routing.
Subscribers may register for specific messages at build time,
initialization time or runtime.
Brokers may have a single queue, multiple queues. Flexible
routing patterns are a benefit of using a broker. Due to its
origin (the financial sector where the message exchanges are
frequently  transactional) AMQP afford transactional
operations that permit to participate in a multi-phase commit
sequence. MQTT and AMQP  brokers  support
communications between publishers and subscribers over
TCP/IP to provide reliability, although XMPP provides no
reliability guarantees.
To suit specific system needs, brokers can be exploited in
multiple configurations. Broker configurations include [13]:

e Centralized broker

e  Centralized multi broker

e De-centralized broker
N.B.: There are other protocols such as DDS that uses another
technology (Data-Bus) that are not included in our work.

publisher

Figure 1: Message Broker Architecture

Message-Centricity

AMQP, MQTT, REST, CoAP and XMPP are all message-
centric technologies. In a message-centric system the main
mission is the delivery of the message independently of the
payload it contains. The infrastructure's task is to make sure
that messages reach their destinations.

On the other hand, Message-centric systems supplies a lower
level abstraction as it pushes users to implement data sharing
through the exchange of messages. [13]

N.B: There are other protocols such as DDS that uses another
technology (Data Centricity) that are not included in our work

90



Premiére Conférence Nationale sur les Nouvelles Technologies Informatiques (CN2TI’15)

CRITERIA OF COMPARISON

Interoperability

MQTT concentrate on the interoperable exchange of
messages. MQTT does not care about the message contains. It
does not specify how data is represented in a message.
Applications have to adopt the same serialization scheme
during the message exchange, instead the messages cannot be
understood. In distributed systems this can be hard and
expensive to deploy. MQTT was created to be used with
TCP/IP.

AMQP brokers process the message payload as an opaque
byte array. The broker will not modify the content of the
messages. AMQP clients use the "content-type" and "content-
encoding” fields to communicate. This means the publishers
and subscribers can only understand messages if the data
serialization scheme is understood by both of them.

RESTful clients and servers based on HTTP are interoperable,
(all is required is an HTTP stack). Almost every platform and
device has that.

CoAP, like HTTP, supports content negotiation. Clients can
choose a specific representation of a resource and servers can
inform the clients what content-Type they will send. This
allows clients and servers to adding new representations
independently without affecting each other.

XMPP  supports interoperability  between  different
architectures. The protocol runs over TCP/IP sockets to
exchange XML messages. This protocol supports
asynchronous communication. XMPP clients and servers are
interoperable and can modify messages without affecting the
semantic meaning for the data. Similar to MQTT, message
payload encoding is considered an application level issue.

Quality of Service

The MQTT protocol provides very basic QoS support for
delivering messages between clients and servers. MQTT
ensures reliability by providing the option of three QoS levels

[14]:
1. At most once: means that a message is sent once
either if it is delivered or not.
2. At least once: means that a message will be definitely
delivered one time, possibly more.
3. Exactly once: means that a message will be delivered

only one time
AMQP messages have similar QoS properties to MQTT. This
includes supporting message queuing and delivery semantics
covering at-most-once, at-least-once and once-and-only-once
(reliable messaging).

CoAP Running on the unreliable UDP, CoAP incorporated its
own methods for achieving reliability. Two bits in the header
of each packet state the type of message and the required
Quality of Service (QoS) level. There are 4 message types:

1. Confirmable: A request message that requires an
acknowledgement (ACK). The response can be sent
either synchronously (within the ACK) or if it needs
more computational time, it can be sent
asynchronously with a separate message.

2. Non-Confirmable: A message that does not need to
be acknowledged.

3. Acknowledgment: It confirms the reception of a
confirmable message.

4. Reset: It confirms the reception of a message that

could not be processed.

There is also a simple retransmission method Stop-
and-Wait for confirmable messages and a 16-bit
header field in every CoAP packet known as
Message ID which is unique and used for detecting
duplicates.

REST and XMPP provide no explicit support for quality of
service and reliable delivery of messages.

Security

To guarantee security, MQTT brokers may require
username/password authentication (this can help simplify the
authentication of individual clients in a system) which is
controlled by TLS/SSL.

CoAP was designed for the IloT and for M2M
communications; it does not ensure any security
specifications. The Datagram Transport Layer Security
(DTLS) protocol is proposed to secure CoOAP
communications. DTLS is the analogous of TLS for the TCP.
It afford authentication, data integrity, confidentiality,
automatic key management, and cryptographic algorithms
[15].

DTLS handshakes need further packets that growth the
network traffic, take over additional computational resources,
and reduce the lifespan of mobile devices that run on batteries,
a necessary part of the loT.

CoAP is compatible with HTTP-, but the using of DTLS can
make confusion to the HTTP servers.[16]

In case of the XMPP and AMQP security specifications, the
connection is authenticated and negotiated an agreement with
Simple Authentication and Security Layer (SASL) and
encrypted with Transport Layer Security (TLS).

RESTful can make use of TLS/SSL for security. Nowadays
the majority of M2M platforms do not support HTTPS
requests. Instead, they propose a unique authentication keys
that is included in the header of each request to guarantee
some level of security.
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Table 1: Application layer protocols comprative table
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According to the latest researches about m2m protocols many
studies was done, refer to the study [17], we found, in terms of
delay that MQTT is more performance than CoAP for lower
values of packet loss. However, the greater TCP overheads in
the retransmission of messages compared to the UDP
overheads in CoAP, CoAP performed better than MQTT when
the packet loss rate is high

Because of the four-way handshake mechanism in the MQTT,
its messages are more bandwidth consumption than CoAP for
lower values of packet loss.

The size of the acknowledgement has little effect on the extra
overhead caused when the message size raise. When the
packet loss rate is low, CoAP produced less overhead than
MQTT. When the packet loss rate is higher, CoAP still
produce less overhead than MQTT when message size is
small. When the message size rises, the reverse is produced.
The probability that UDP loses the message is higher than
TCP, which causes CoAP to retransmit the whole message
more often than MQTT

Another study [18] shows, that the exchanged packets
increases linearly with the size of transmitted encoded health
data segments. These results are due to the complexity of the
handshakes of the protocols as seen in fig 2.
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Figure 2: Performance of M2M Communication
Protocols

V. CONCLUSION

In this paper we presented a common loT architecture by
describing where application layer protocols are needed to
handle communication. We, also, introduced in this paper, the
messaging technologies such MQTT, AMQP, REST, CoAP
and XMPP providing a comparison among each other, taking
account of QoS, interoperability and security and argue about
their suitability for the future of the loT.

About the interoperability, we conclude that all of the
protocols cited above can handle it, about security most of
them use TLS/SSL for data encryption, exception made for
CoAP and SASL, CoAP uses DTLS, and SASL for the
authentication of XMPP and AMPQ, in another hand MQTT
uses a simple authentication service. our aim in the future will
be focused at implementing all of these protocols over
different networks such (mobile networks..) and obtain an
experimental and measurable comparison among them.
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Abstract— Developing robust visual tracking algorithms for
real-world is still a major challenge today in many fields
such as design, manufacturing, ecommerce and other fields
are used to simulate the appearance of objects and scenes.
Realistic looking is often critical, and calculating global
illumination (GI) is an important contributor to image
reliability; in which we take into account all interreflection
effects in the scene.Gl approximation methods, such as
virtual point light (VPL) algorithms, are efficient, but they
can produce image artifacts and distortions of object
appearance. In this paper we present a practical algorithm
for rendering diverse frequency of interreflection effects.
Our method builds upon a standard representation of the
scene, based on which a new mathematical formulation of
the interreflection equation is made. We systematically study
simulation of complex effects on image quality and material
appearance of global illumination approximations made by
VPL algorithms to provide a fast and smoother complex
illumination .Efficiently, the computational effort is heavily
reduced. Finally, to achieve a real time rendering
performance ranging from near interactive to a few seconds
per frame we have implemented the present algorithm on
the GPU, for various scenes with different complexity.

Keywords—global illumination; interreflection effects ;
light source; virtual point light(vpl).

l. INTRODUCTION

The goal of computer graphics is to create images
according to the purpose of the user. Photorealistic rendering is
used when images indistinguishable from real photographs are
desirable. This issue has a big impact on a wide range of various
industry applications such as simulation, film production, and
video games. One of the essential aspects of creating
photorealistic images is that objects look as though made of real
materials. Additionally, appearance of objects should match the
scene lighting and be in accord with the scene configuration.
This match requires accurate, physically-based simulation of
light transport in the scene, carried out by,  so-called, global
illumination (GIl) algorithms, which describes the light
propagation through a 3D environment and its interaction with
all the scene geometry. In contrast to direct or local illumination
where only one bounce of light is considered, global
illumination considers several bounces.

In our paper we introduce new system which aims at solving
some problems mentioned before in less time consuming .our
model proposal inspired by the concept of Instant Radiosity [1].
Instant Radiosity is a solution to approximate global
illumination by tracing rays from the light source to the scene,

letting them bounce around to a specified depth and creating
secondary light sources at each intersection point which called
virtual point light (VPL) this latter is at the core of our rendering
system; The final results are then placed into the scene when
doing the rendering at the client side. However, we extend it to
simulate non- diffuse light paths as well.

Indirect Illumination is a key element to achieve realistic
rendering. Unfortunately, since computing this effect is costly,
there are few methods that render it with real-time frame rates.
In this paper we present a new method based on virtual point
lights and topological information about the scene to render
indirect illumination in real-time.

Our main contribution includes:

% Approximation of indirect illumination using VVPL.
% Simulating light transport of different environment.
% Giving an automatic setting of scene standard.

The remaining paper is structured as follows: Section 2 gives
an overview of related work done in the field of real time global
illumination and other recent called many light approaches. In
Sections 3 we describe our method in detail. Results and
performance measurements are presented in Section 4. We will
conclude our paper and also give outlooks into possible future
work in Section 5

1. STAT OF THE ART

The problem of global illumination was first formalized
mathematically by Kajiya [8]; Rendering Equation (RE) that
calculates the equilibrium distribution of light energy in a scene.
The rendering equation links light sources, surface reflectance
(BRDFs), and visibility (fig.2). It says that at each particular
point that has a position and direction on a surface, the outgoing
light L, at a surface location x in direction ® is the sum of
emitted radiance L. and reflected radiance L, (Eq.1).

Lo (x,w) = L(x,w) + L.(x,w) @8]
The reflected radiance is computed as
L(x,w) = [,, Li(x, w)f(x,w; > w) < N(x),w; > "dw; (2)

Where Q" is the upper hemisphere oriented around the
surface normal N(x) at x, f, the bidirectional reflectance
function (BRDF) and< >" a dot product that is clamped to
zero. To determine the incident radiance, L;, the ray
casting operator is used to determine from which other
surface location this radiance is emitted and reflected. The
goal of global illumination algorithms is to compute L(X,
o) for a given scene; materials and lighting L [14]. It is a
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recursive equation which makes it unsolved analytically
by exact method for this end several methods have been
developed to solve the rendering equation

o SO
1’—;\(&‘-‘:\,-""7}: -
TN /Lf(ﬂ )
T Z.Ew )

Figure.1 rendering equation

Global illumination is a set of techniques for
approximating real-life lighting situations in computer
graphics. State-of-the-art  reference solutions  of
algorithms that are used for realistic image synthesis
usually rely on; Monte carlo methods (e.g., ray tracing
[16], metropolis light transport [15]), are general enough
to allow light transport simulation in arbitrary scenes with
all possible material types. However, those algorithms are
too slow. Finite element methods such as radiosity [2],
that can perform the rendering in real-time and also
creates realistic images, but unfortunately the fast
rendering is gained by an expensive pre-processing step,
an enormous amount of storage and a limitation to static
scenes, and the realism just includes indirect illumination,
another category is density estimation methods (e.g.,
photon mapping [7]) that can be adapted to achieve
interactive results under some conditions.

In contrast to those traditional algorithms, another
category to do the rendering is the so-called Many light
rendering (MLR) [3].They are attractive because they
offer a simple solution to many difficult rendering
problems. Their main idea is that the general light
transport problem can be approximated by the simpler
problem of calculating the direct illumination from many
virtual light sources. MLR derived from the instant
radiosity algorithm of Keller [1] that offers a unified
mathematical formulation to simulate the light transport
in a scene by computing the direct illumination from
many virtual points light sources (VPLSs), it models light
as a source of energy which distributes its energy outward
to several surfaces and replaces the computation of
indirect diffuse illumination by direct diffuse illumination
from these virtual point lights by the end summing up
their contributions and accumulating them to  render low-
noise images covering a wide range of performance and
quality goals .This basic idea was then formulated as the
many-lights problem and inspired a series of works
While some VPL generations have low importance
because they are in a very little region of interest i.e.
.Energy conservation; in general, each VPL does not
contribute equally, scalable algorithm tries to exploit
important VPLs and unimportant ones to reduce
computation cost. In order to do this, some methods have
tried to cluster unimportant VVPLs together (e.g., Lightcuts
[17]) but However, visibility based on ray tracing has to
be evaluated for every element in the cut and remains the
computational bottleneck. One way to quickly create
VPLs is by rendering a so called Reflective Shadow Map
(RSM) [4]. The RSM technique builds on the classical

shadow mapping technique, but augments the shadow
map with material and surface normal information.
However, RSMs do not provide a solution for secondary
visibility: They allow computing surface elements that
send the first bounce, but for every VPL (hundreds)
another shadow map is required for secondary visibility.

The idea of Virtual Point Lights (VPLSs) is to create a
large number of point lights, each with a shadow
map(SM), to simulate indirect illumination. So we need to
render all these SMs for each vpl and this cause a big
problem by choosing poor performance or temporal
inconsistencies. Incremental instant radiosity [10]
deciding which VPLs need to be removed and inserted to
minimize temporal inconsistency. This approach allows
for moving lights, but moving geometry leads to indirect
shadows that lag behind the actual geometry. Depending
on the frame rate and quality desired this can or cannot be
acceptable.

The idea of IR was extended further by rendering so
called imperfect shadow maps [13] for each VVPL. Their
idea is to create small and partial shadow maps for each
VPL each frame, which they demonstrated gave little
visual error. To do this, they created a point
representation of the scene geometry, and for each
imperfect shadow map they choose a subset of these
points. This subset was then rendered to a texture,
creating a coarse approximation of a shadow map, which
was then improved in a push and pull step. By creating all
these shadow maps in the same pass on the same texture
resource, they were able to do this very quickly. These
imperfect shadow maps were then used as shadow maps
for the VPLs; in the same manner as the classical Instant
Radiosity paper. This method can produce nice results in
a few seconds but use hierarchy on light to reduce.
Shading point or visibility testing problem was interpreted
as a matrix problem. Matrix row column sampling ([5],
[6].[12]) samples sparsely rows and columns of the
lighting matrix to reconstruct the image (rows represents
shading points and columns represents lights).

VPLs have two inherent limitations. First When
connecting the camera to a VPL, the BRDF is much
larger than the probability density of generating the path.
This limitation leads to spikes ([6], [9]). The closer a VPL
is, the more the artefact will be. Even it was treated by
using clamping way but it causes energy lose, which
means bias. [9] Introduced an unbiased path tracing
approach to compensate for the loss of energy. However,
large computation penalty was also introduced. The other
limitation is the difficult path  When glossy materials
exist in the scene, S*DS paths are inevitable since the
paths are connected from a surface sample to a VPL. The
main reason for these difficult paths is that the probability
of generating a proper path is too small. By increasing the
size of the path, we can increase the size of the path [3] or
increase the size of the light [8]. Of course, bias is also
introduced. These approaches considerably reduce the
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computation cost, but are limited to a small number of
VPLs and they are very inefficient at representing glossy
light transport. It is only suitable for primarily diffuse
materials; this is because a VPL on a glossy surface
illuminates a small fraction of the scene only, and a huge
number of VPLs might be necessary to render acceptable
images.

1. PROPOSED APPROACH

A. System Overview
This section provides an overview of our algorithm.

Data management

Shooting Rendenng
Diiract
INlumination
Wisibilits
tosti
Sampling Light ast of
BEDF intersaction

Geometrv of the virtual world

Scene representation

Figure.2.A scheme illustrates our system

Figure 2 illustrates the architectural of our system, an algorithm
that is based on virtual point light to achieve smoothly indirect
illumination, by tracing light paths starting from the primary
light sources under the principal of random walks. The direct
contribution of all these VPLs approximates the entire multi-
bounce light transport in the scene, our system need pre-
computation data to be taken for the final gathering phase.

e  Scene representation : All algorithms operate on a
numerically defined virtual world that represent our
scene, an internal model consisting of the geometry of
the virtual world, optical material properties and the
description of the lighting in the scene emission and
reflection (BRDF) properties; Scene representation,
which is described using Extensible Markup Language
(XML) file. Sensors, light sources, objects and also
the rendering technique (integrator) are described. In
this way we are trying to make a standard script that
model 3D scene which is alternate by the user in need.

e Basic operations: The basic operations the virtual
world representation has to support are light source
sampling, directional sampling according to the
reflection properties (BRDF sampling), and the
computation of the intersection of a light ray with the
geometry (ray shooting).

e  Computation of illumination: The computation of
illumination can be separated into two parts direct and
indirect. Direct illumination requires light source
sampling and then a visibility test for every sample
has to be performed.

Unlike, indirect illumination is computed by
generating multi-bounce light paths using random
walks. This requires light source sampling, directional
sampling and ray shooting. And computation of direct
illumination is also required. As indirect illumination
is usually more expensive and the most consuming
time to evaluate, this is the part that is typically pre-
computed; we transform each indirect light to a direct
inspired by the idea of vpl. The defiance is how
identifying those parts of the computation that are
constant, or can be rapidly adapted to changes
happening in the virtual world (scene).

e Data management: While finishing preparing all data
(direct illumination evaluation, light tracing, ray
shooting) that had been pre-computed which are
needed to finally be gathering to render images. The
main role of final gathering, however, is the validation
and adaption of pre-computed information. This
typically means checking whether a moving object has
interrupted a light path: that is, visibility testing. This
latter and other points are the most critical points that
contribute to the image synthesis algorithm are ;
approximation for visibility testing , ray shooting in
general, ray tracing of visible reflective or refractive
objects, improving sampling in random walk
algorithms and in direct illumination, respectively
should be evaluated efficiently to acquire a good,
effective system to render smooth images .

B. Detailed description
I Scene representation
Before light paths can be calculated, a scene and a

viewpoint must be defined. Our scene is described using
Extensible Markup Language (XML ) file. Sensors, light sources,
objects and also the rendering technique (integrator) are
described. In this way we are trying to make a standard script
that model 3D scene which is alternate by the user in need.

=sceneversion=" .5.0">=
<!— dascription ofthe scen= batwaenthesz 2 tagthe scans
contains: -

<'Scens>

Figure.3. scene representation

After loading the scene which is well presented by an xml file,
we trace rays from each light source to all of the scene objects,
points, and creating virtual point lights (VPLs) at these
points(generating vpls). Randomly choose one of the primary
light sources in the scene, sample a random position x and
direction w (create a VPL at this location if direct illumination is
not handled otherwise).Trace the ray if it intersects a surface
then create a VVPL at this intersection location. Decide randomly
whether or not to terminate the path using Russian roulette. If
continued, sample outgoing direction, update path throughput
based on BRDF and direction, and continue tracing.

Then, during the final shading pass, we evaluate each light
(actual and virtual), calculating its weighted contribution to the
scene, and shade the fragments appropriately .Every actual
source of light will have unit intensity, which we distribute
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equally to all of the virtual light sources created from it. Thus,
we obey the principle of transfer of energy, which is the basis of
radiosity. The intensity of each light dictates the share of its
contribution to the final shading.VVPL generation pre-process, is
equivalent to the direct illumination of the first camera hit point
by the VPLs.

VPL

Figure.4 Generating VPL

1. Basic operations
a) Sample generator

When rendering a scene, we have to solve a high-dimensional
integration problem that involves all properties that make up the
scene; the geometry, materials, lights, and camera.

Because of the mathematical complexity of the integral used , it
is generally impossible to solve them analytically, instead, they
are solved numerically by evaluating the function to be
integrated at a large number of different positions referred to as
samples. Sample generators are an essential ingredient to this
process: they produce points in a (hypothetical) infinite
dimensional hypercube [0, 1] * that constitute the canonical
representation of these samples.

To do its work, a rendering algorithm, or integrator, will send
many queries to the sample generator. (That is what arrows
means in the diagram of our system that is mentioned before).

The gain by using Halton sequence QMC is to decreases the
effect of clumping in samples by eliminating randomness
completely. Samples are deterministically distributed as
uniformly as possible that can lead to a higher order of
convergence in renderings. Because of the deterministic
character of the samples, errors will manifest as grid armoire

patterns rather than random noise, but these diminish as the
number of samples is increased[12].we consider a set of points
P. Consider each possible, axis-aligned box with one corner at
the origin. Given a box of size Bgy, the ideal distribution of
points would have NB g, points.

The star discrepancy measure computes how much the point
distribution P deviates from this ideal situation,

D* N(P)ZSUPB |N umPoi;ts(PﬂB)

where NumPoints(P N B) are the number of points from
the set P that lie in box B.

The Halton sequence (HS) in particular provides a very
high quality point set that unfortunately becomes
increasingly correlated in higher dimensions. HS based on
the radical inverse function and are computed as follows.
Consider a number i which is expressed in base b with the
terms aj :

— Bsize|

i= Z a;()b’
j=0
The radical inverse function @ is obtained by reflecting
the digits about the decimal point:
¢ u()=XjZ ;Db
b) Ray shooting
Ray shooting is one of the expensive operations in the
algorithm. The number of rays that needs to be shot in
order to compute the distribution of energy in the scene to
given accuracy with given confidence. In this case we
refer to ray tracing is to trace many light paths using
random walks starting from the sensor (camera). A single
random walk entails casting a ray associated with a pixel
in the output image and searching for the first visible
intersection. A new direction is then chosen at the
intersection, and the ray-casting step repeats over and
over again (until one of several stopping criteria
applies).At every intersection, the path tracer tries to
create a connection to the light source in an attempt to
find a complete path along which light can flow from the
emitter to the sensor.
I1. Calculation of illumination

Always referring to the rendering equation to equate
the contribution for all vpl using for the rendering. For
estimating the radiance that represents the light transport
from L lights to S surface samples.

L(x,w,) = Z ghater.VPL(i) (3)

XiEN

0
Loowy) = ) s (4)
s=1
Each vpl is represented by its incoming light (L) to hit
a surface (S).

L(x, w,) is the outgoing radiance of sample point and C is
the contribution of light L to sample S, which can be
decomposed into Ci g = M5GsVislis (5)
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Where M5, Gis,Vis,lLs are material, geometry,
visibility and intensity of light respectively.

To calculate the contribution for all vpls two operations
should be done sampling and shading which need
surface sampling, light and scene geometry. These are the
main component that we are showed on our system which
are represented by blocks. To fulfill a good process to
create image with global illumination in real time, we are
going to start with surface samples and light in which we
use the best representation of lights for each sample, and
then we prepare geometry to evaluate visibilities of
sample-light (ray intersection), all these data are pre-
computed for the final rendering (data management). To
reduce the time in rendering pre-computation is needed,
while loading geometry of the virtual world i.e. material
properties (light, geometry) L and G, in relative to time
we have the notation, TL and TG respectively.

Light =L —>ZL

Geometry =G - Z G including the factor of time

L=ZTL
G=ZTG

Light and geometry are dependent to represent material
properties (MP)

PM=ZTL +ZTG (6)

The optimal data management is to minimize the time
consuming we deal with MINpy (Eq. 7)

MINpM = minnL,nG(z TlLTL + z ng TG) (7)

Where n_, ng are the number of times that the algorithm
loads light and geometry respectively . In order to achieve
this we should take all computation with surface samples
as well as all visibility tests before unloading it. Visibility
testing may increase the occurrence of geometry because
visibility is between geometry and light if G is visible or
occluded from the camera point of view, it is preferable to
test visibilities with as many sample-light rays as possible
which will incur high number of light.

(AVA RESULTS AND DISCUSSION

a) System used

The implementation of our model based on visual studio
C++ language using the Visual Studio 2010 IDE and Python.
Our system rendering output took place on a computer with i7-
3517U processor with 4GB RAM and NVIDIA GT 635M/2GB.
A table illustrates results of different integrator which is
compared according to various property values

b) Results

A)DIRECT ILLUMINATI
(AIDIRECTILLUMINATION (B) PHOTON MAPPING

OUR INTEGRATOR

c) Evaluation and discussion

1. Used metrics

a) Shadow map resolution

Shadows are created by testing whether a pixel is visible
from the light source, by comparing it to depth image of
the light source's view, stored in the form of a texture

b) Maximum depth
Specifies the longest path depth in the generated
output image (where -1 corresponds to ). A value of
2 will lead to direct-only illumination.

¢) Clamping factor
A relative clamping factor between [0, 1] that is used
to control the rendering artifact discussed below

d) Sample
The number of samples per pixel specified to the
sampler is interpreted as the number of VVPLs that
should be rendered.

e) Filter
Image reconstruction filters are responsible for
converting a series of radiance samples generated
jointly by the sampler and integrator into the final
output image that will be written to disk at the end of a
rendering process. This section gives a brief overview
of the reconstruction filters that are available in
Mitsuba. There is no universally superior filter, and
the final choice depends on a trade-off between
sharpness, ringing, and aliasing, and computational
efficiency.

Desirable properties of a reconstruction filter are that
it sharply captures all of the details that are
displayable at the requested image resolution, while
avoiding aliasing and ringing. Aliasing is the incorrect
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leakage of high-frequency into low-frequency detail,
and ringing denotes oscillation artifacts near
discontinuities, such as a light-shadow transition.

Gaussian filters (Gaussian): this is a windowed
Gaussian filter with configurable standard deviation. It
produces pleasing results and never suffers from
ringing, but may occasionally introduce too much
blurring, when no reconstruction filter is explicitly

requested.
Property value
Shadow
Map ; : Sample .
resoluti MZ:'T#m lezngt%'rng Ipixel Filter Time
on P 64
Only direct L.OW Gaussian 1.8m
illumination 512512 discrepancy
Photon Low X
mapping 512512 | discrepancy Gaussian | 24.6m
Instant 0 0.1 L.OW Gaussian 1.07m
radiosity 5127512 discrepancy
Halton
Our 512*%512 0 0.5 QMC Gaussian 0.6m
approach
V. CONCLUSION

approaching the various phenomena of

materials.

We have showed a detailed system aiming at

interaction
matter/light by inexpensive processing. As future work,
we will investigate for improving other phenomena such
us; if geometric simplifications can be included on top of
the visibility approximations, the extension from one
bounce to multiple bounces of light would be an
interesting as well as the inclusion of highly complex
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KNOWLEDGE CAPITALIZATION FOR MASSIVE OPEN ONLINE COURSES
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Abstract: Massive Open Online Courses (MOOC) are considered as the new e-learning generation. Consequently it's
the most discussed subject in e-learning and higher education communities howadays. The Most currents MOOCs are
led by MOOC platform providers (like Coursera and Udacity) in partnership with universities. Hence, behind each
MOOC, there are a large community of developers, teachers, facilitators and so one. Each delivered MOOC is the result
of a collaborative contribution of these lasts. However, if massive open online courses are being a lifelong learning, the
knowledge exchanged between the MOOC actors should be organized and managed so that it can be used and reused it
a “massive” and “open” context. In this paper, we focus on the teachers’ collaboration for capitalization of knowledge
and its use for courses or another kind of learning activities generation in an open, online and massive context. We
propose a knowledge capitalization model based ontology as a collaborative tool for disciplines in MOOC or any kind
of massive and open online learning environment. The capitalization process is preceded by collaborators’ prospecting
and selection process. At this stage, the moderator is in charge of calling disciplinary experts over scaggtain
(country, continent or over the world) to participate to the capitalization process. After that, experts interested to this
call are invited to inscribe. Then they are classified according to their experiences in the disciplinary to capitalize. The
first classified expert is selected as the organizer of the capitalization process (he will be the expert moderator). We
propose two kinds of knowledge capitalization. The first one is related to the disciplinary ontology (as disciplinary meta
model) capitalization. In this process, knowledge engineers are invited to validate or propose disciplinary domain
ontology elements (concepts, semantic associations and rules). The second kind of capitalization concerns the
disciplinary knowledge capitalization. Here, disciplinary experts, who are experienced teachers of the given discipline,
are invited to give their suggestions by proposing or updating instances for the domain ontology elements. In this paper
we recommend that the disciplinary domain ontology is Onto-TDM proposed and evaluated in our precedent works.

Keywords. E-learning, collaboration, knowledge capitalization, Massive Open Online Courses (MOOC), educational
ontologies.

collaborators aims to capitalize their knowledge. It is a set

1. INTRODUCTION of pages which can easily be edited and modified by

_ _ _ _ members. The resulting pages constitute a knowledge
The online learning (E-learning) is one of the MOS{,ok which can be used and reused later. In this kind of
remarkable events in the learning history. Thanks th&aporative spaces, moderation is required to validate
internet and mainly the web, the information becomese resylt and avoid any senseless interventions. These
accessible shareable and questionable over the gloRg, technologies are also can be integrated in learning
Nowadays, many educational institutions (mainly,nironments as learning activities, those last are called
universities), are open to the web. As an example, | &aming Management System (LMS or CMS for Content
website or web portal _of_ a university is Qenera"wlanagement Systems) like MOODLE [1], Claroline [2].
composed of a description and some importaRe find in an LMS different learning resources (courses,
information about it, its offered programs classified by iorials, assessments, exercises, practicals...) and
department and faculties and the most of them give fyities (forums, blogs, quizzes...). It is mostly used by
restricted access to pedagogical resources (COUrgRersities on the Intranet (locally) or on the web to
tutorials ...). We can also find programs which Arémprove the students learning experience.
available for distance learning under specific conditiong,sssive Open Online Course (called MOOC) is the most
Out of those sites we find other sites in the web whicl,cent phenomenon in the online learning. It includes the
offer (payable or no) online trainings. Several offlingngst important features offered separately by the previous
courses and tutorials are distributed online which aig,ine learning generations like the openness and the
edited either by teachers or anyone who wants to share Qs assipility online with the characteristic of massiveness
learning experience. The forums and Wikis are venynq jnteraction with social networks. It is considered as
effectives for collaborative learning. In the forums, a topig,e sixth e-learning generation [3]. A MOOC platform is
is exposed which can be a problem and then the erally composed of LMS including other extensions
intervention  should be a suggest solution, or affike Coursera [4], Moodle MOOC [5], OpenClassroom
introduction of debate, so the interveners are invited i@]’ FuterLearn [7]...). Each MOOC is realized by a large
give their point of view. In the Wiki technology, thecommunity of teachers designers and developers.
participation can be open or restricted on a group ‘P—iowever, the MOOC platform doesnt provide a
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collaborative environment where those members cdacus, encourages participants to collaborate, share and
share and exchange their knowledge and built a commoantribute in building a creative knowledge. Extended
knowledge base for MOOC. MOOCs (xMOOCs), mostly led by universities, courses
In this paper, we are interested on the teachengok like traditional courses, videos lectures and online
collaboration for capitalization of knowledge and its usinteractive exercises (tests and quizzes) and home works,
for courses or another kind of learning activitiesand learners are expected to duplicate what they are
generation in an open, online and massive context. Waught.

suggest a knowledge capitalization model based ontologyany discussions have being animated toward this
as a collaborative tool for disciplines in MOOC or anyemergent trend, most of them treat the impact of moocs
kind of massive and open online learning environment. lon  higher education, the role of instructors
what follows we will first introduce an overview about(educators/facilitators) in moocs, the learner profile, the
MOOCS, after that we define the context and objectivatesign and the constitution of courses. Igbal & al [14]
of our research. The third point will give details about thenentioned that most of the opportunities which MOOCs
proposed capitalization process stages. The fourth and tieve to education become inevitable challenges. MOOCs
last point will be an overview of our future firstoffer us a new learning dynamic based upon learning
validation of our proposition. This validation is about aranalytic but with limited assessment methods, a lifelong
application of the capitalization process for a disciplinéearning without learner profile personalization and
from the standardized LMD licence training program o#&uthentication, collaborative, social and peer to peer

our country. learning with lack sufficient teacher-learner interaction.
Koutropoulos & all [15] listed fifteen main problems and
2. MASSIVE OPEN ONLINE COURSES: challenges for MOOC design and evaluation, the most of

_ ) . them are the design of mooc , the learner engagement ,
The term MOOC was coined in 2008 by Dave Cormief,qtiyation and satisfaction, and assessments challenges.
The first ~MOOC  *Connectivism and  ConnectiveThey aiso called to rethink and reconsider teaching
Knowledge’ (CCKO8) was led by George Siemens ofnnrgaches and keep an open mind to various aspects of

Athabasca University and Stephen Downs of Nationghaching, such as facilitating, monitoring, coaching, peer
Research Council [8]. . teaching and so on.
Massive course: refers to the massiveness of number of

the particifants on tEis coursepen coursr(]a_: means tha;]t?) KNOWLEDGE CAPITALIZATION BASED
everyone from anywhere can access to this course withgy .

any fees.Online course: means that the course @NTOLOGY INMOOCS.

distributed online. ‘Openness also means that novices akfowledge capitalization is a process based on
experienced people are able to merge together in the samewledge management methods aiming to collect and
space and communicate and interact with each other. Apghanize the know-how and experiences feedbacks so it
this is one of these things that you can do online that y@an be used and reused. The knowledge is firstly collected
can't really do offline’ [9]. then formalized so that it can be accessible. Knowledge
The Connectivism and connective knowledge course waapitalization is mostly used by enterprises in fact of
about and based on the limits of previous learningxpert's retirement, the loss of acquired knowledge from
theories and the idea that the knowledge is constructed pmevious projects and the need of facilitating the
communication, collaboration and interaction betweeimtegration of new employees. Ontology is one of the
learners using technology (blogs, wikis...) and sociatnowledge formalization methods. a domain ontology
network. After his first mooc experience in the fall ofconsists of a representation of concepts of a domain and
2011 with Peter Norvig (Director of research at Googlethe relation between those lasts.

offering an open enroliment of their Artificial Intelligence The use of ontologies is efficient for sharing a common
(CS 271) course, Sebastian thrun (a professor at Stanfegtbwledge , treating and automating reasoning of/about
University) started Udacity (a mooc platform).After soonknowledge and the reusing of this last. Thus several
Daphne Koller and Andrew Ng launched Coursera. works are opted for the use of ontologies as knowledge
Concerned about the commercialization of onlingnodeling for knowledge capitalization. As examples of
education, Massachusetts Institute of Technology (MITthose works; Lahoud and all [16] proposed a semantic
created the not-for-profit MITx. The inaugural courseweb service to extract knowledge in E-groupwares called
6.002x, launched in March 2012. Harvard joined th©@CEAN (Ontology Creator Extractor Annotator &
group, renamed edX [8].In 2013, the the Open Universit¥nowledge) to enable engineers to capitalize their know-
built its own MOOC nplatform, Futurelearn led byhow by using ontology. Dai and all [17] suggested a
universities from the United Kingdom. Many otherscooperative knowledge discovery model for design
moocs initiatives was followed (like Open2Studyproject as a cooperative knowledge management method
Iversity, FUN, OpenHpi...) and others stilling launched. based ontology. In e-learning domain, Zouaq and all [18]
Many types of moocs exist in the literature [10] [11] [12]proposed a framework for e-learning resources
we retain two types of them: those that emphasize thapitalization as an alternative of Learning Object
connectivist philosophy, and those that resemble moRepository (LOR) approach (used to store resources
traditional courses. To distinguish the two, Stepheannotated with standard metadata such as the Learning
Downes proposed the terms "cMOOC" andbject Metadata and SCORM) by representing learning
"XMOOC"[13]. In Connectivist MOOCs (cMOOCS), object content and generating a domain ontology
courses organized by group having the similar specifigssociated to this content. Berkani and all [19] defined

102



Premiére Conférence Nationale sur les Nouvelles Technologies Informatiques (CN2TI’15)

CoPE (Communities of Practice of E-learning) as a virtudlig 1: ONTO —TDM domain ontology concepts seen with
space where e-learning actors can share and exchange the Protégé tool

their knowledge and know-how using an ontology based

framework structured on three layers:1) the ontolog¥his disciplinary knowledge got from this knowledge
layer defining a common vocabulary to facilitatecapitalization process can be the knowledge base of
knowledge sharing between CoPE members, 2) tlamgineering pedagogy (PE) of different learning activities
semantic annotation layer as a semantic support ito different computer based learning particularly for the
annotate the CoPEs’ knowledge assets for facilitating itsmline, massive and open ones. Hence the PE module can
retrieval and reuse and the asset layer providing meansbef integrated in a Massive Open Online Courses
storage and indexing its different assets. platforms (where courses are difused) or Massive Open
Our proposition consists of a knowledge capitalizatio®nline Learning (MOOL) platform where different kind
process for disciplines based on the Onto-TDM domaiof learning activities (more than courses) are proposed
ontology already proposed and evaluated in our preceddsee fig 2).

work [20]. This last represents a discipline as set of

concepts (notions, knowledge items, evaluation units,

errors ...) and a set of semantic links. As shown in

figurel, a concept can be a component, a description of a

pedagogical resource or a semantic annotation. A

component can be a dynamic or structural one. This last is

composed of Knowledge item which is the most

elementary knowledge of a discipline, and notion which is

a set of knowledge items. The dynamic component is

represented as characteristic, evaluation unit, evaluation

unit solution, error and example. An evaluation unit can
be an exercise, a case study or a question. For errors we
distinguish two kinds of them, the form errors and the

semantics ones. These lasts are separated on semantics

errors which can be common for different exercises, and
specific semantics errors that are particular for a given

Ready pedagogy

exercise but related to the use of a notion or a knowledge R ssan -pedagogy ';'a?m e
. L . . edagogy nline Learning
item in this exercise. engineering
During the knowledge capitalization process collaborators
are invited to express their knowledge of a discipline as a -
set of notions and suggest evaluation units, pedagogica
resources and a set of frequently errors according to theif
experience in teaching.
¥ @ Thing Fig2: the use of disciplinary knowledge in
¥ Concept massive open online environments.
¥-- & Component
¥ Dynamic_component 4, THE PROPOSED KNOWLEDGE
. E“a’am”“‘“ CAPITALIZATION  PROCESS  BASED
rror ONTOLOGY
- O Form_error
¥ Semantic_error The capitalization process is composed on six stages (as
Common_semantic_error shown by fig3):
S specific_semantic_error ]
----- Evaluation_unit_solution 1) Project announcement : .
¥-- @ Evuation_unit The moderator chosen in collaborators’ prospecting
L Case _:'.tudy and selection process make a broadcast call to the others
.. © Exercise collaborators, the capitalization is then started.
- Question .
..... Example 2) Project initialization :
v-- @ Structural_component The moderator adds the first suggestion which is an
_____ KnuwleTige item instance of the domain ontology (instances of notions,
_____ Notion - knowledge items, examples exercises...) and activates the
Pedagogical_resource_descriptor collaborators participation.

s ti tati s .
emantic_annotation 3) Propositions collection :
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Each one of the expert add his proposition. This lasigorithmic experts. The following table (see tablel), lists
can be a modification of the existing one or a neuhe role of each actor in the capitalization process. In what
suggestion. follows, we give details about *“adding a proposition”

use case.

4) Synthesis:

The moderator analysis the expert's suggestions and.

After that he builds a temporary version of the knowledggablel: Actor's use cases in KCP.
base.

5) Rebroadcasting and opinions collection : Use case Actor
The moderator exposes the temporary version and
collects the expert’s opinions about it. This step is iterated

until getting a version on which the majority o Calling laborators Moderator
collaborators agree.
Editing the first suggestion Moderator
6) Project closure:
The moderator validates and rebroadcast the final . . N
Editing new suggestions or Disciplinary experts

version and the close the capitalization process. modifying previous ones

) Pmpanu . PIDpDiiﬁDﬂi Suggestions analyse and building a Moderator
Pt (i Projet mtelmton " revision version
ot o
Defusing the revision version and  Moderator and disciplinary
collecting opinions experts

. . Phase 5

Phase I Phase Validation and diffusion of the Moderator
final version

| Relmadwingad
SR 1 opiions collcion

Syuest T Prjectcose
Proposons s

1) Adding a proposition :
TR

Adding a new proposition is to give a set of algorithmic
notions, couples of evaluation units and solution,
examples and pedagogical resources.
First, the user must specify the elementary type of the
concept which can be a knowledge item (KI), notion,
exercise, case study, question, example, common
Fig 3: The knowledge capitalization process main steps semantic error, specific semantic error, form error,
example, semantic annotation or pedagogical resource
descriptor. Type the title of the concept and specify the
5. CASE STUDY location of the pedagogical resource (see fig 4). Next, in

This section describes an overview of our future ﬁrswr?iccr??re]isOfK??gmgr?ol?,xﬁezS:(; dr?nuStalr?(g\igltﬁattri]snnsgi(tm
validation of our proposition. This validation is about a exercise uest?on or. case stud ? the user have to
application of the capitalization process for a disciplin » d Y),

from the standardized LMD licence training program Opentlon the notions (one or more K will be consequently

our country. The application of our proposed approach ?Soncerned) to be evaluated. In the case of adding an error

not yet implemented: it is at the design stage. Semantic or form error), the Kl to miss once making this

The discipline chosen in this case study is the algorithmﬁecfror must_be_specmed. If_the concept type is example the
program for Computer Sciences Licence training yser must indicate the notion and/or KI concerned.
Algerian universities. The result got from this

capitalization project will be a national knowledge base of

this discipline.

According to the Knowledge Capitalization Process

(KCP) detailed in the previous section, we define two

kinds of actors in our collaborative application, the

moderator and the disciplinary experts. As we mentioned

previously in the collaborators’ prospecting and selection

process, the moderator is the best classified in the

disciplinary experts list (according to his experience in

teaching the disciplinary to capitalize and writings about

this last). Thus, in this case all the collaborators are

Phiase 4: Phase 3: Phase 6:
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Knowledge (

Moderad

Septambrs 4, 2015

Knowledge Capitalizat

discipline expert Space

zdd proposition

show propositions

s Concept Type K.rjajrlcledge item »

Concept name lexique des mots

add proposition

type Concept resource url

or load it |- Parcourir... | lexiguealgo.pdf

ext

show propositions

H

manage Versions

Fig 4: Adding a proposition

-

The first proposition is added by the moderator. Th j
following propositions are added by the Disciplinary M
Experts (DE). The figure 5 shows a tree view of thim—

proposition

G Autor name time and date

1 Bouareh F 1008.201510:20
2 Amirauche F 10.08 2015 11:00
3 Bedane T 1408.201512.30
4 Al Elhadj F 14.08.201513:00

Fig6: Propositions’ list shown in DE space.

Knowledge Cap

collaborator’s propositions. _ ™

2) Modifying a proposition : T

DE can add a new proposition or building a propositiojmmmm

from modifying an existing one. This second type o_
adding a proposition is also used by the Moderator (M) 1
build a synthesis version. To modify a proposition, th
user (DE or M) select the basic version to use from tk
propositions list (shown in fig 6), and modify its element;
described in the previous cases as shown in figure 7.

Algorithmique I
2
= Structure dun algorithme
| Syntaxe de lentete
|| delimitation du corps
I syntaxe dune instruction
i Forme dinstruction de bloc
lexique des mots
= Declarations
¥ Declaration de constantes
# Declaration de variables
¥ Declaration d'un tableau
* avaluation_unit
*-avaluation_unit solution

* error

* gxample

£ pedagogical resource description
 semantic annotation

Knowle

Fig7 : The modification of a proposition

Algorithmique I
= Notions
| = Structure dun algonthme

add propasition [ } Syntaxe de lentete

6. CONCLUSION

In this paper we suggest a collaborative tool for discipline
knowledge capitalization. This tool aims to provide a
consensus about what to teach in a given discipline. We
project particularly to use this capitalized knowledge for
MOOC engineering. We gave an overview about our first
validation of our proposals. The case study concerned the
algorithmic discipline from Algerian university licence
training. We expect in next works to finalize other
experiments about the tool and its use for capitalization of
different disciplines of common licence training from
universities of our country.

profile

[
delimitation d

C, : ‘ elimitation ucorps_

| ‘ syntaxe dune instruction

- Forme dinstruction de bloc

E levique des mats

| ¥ Declarations

manage Versions ‘

| ¥ Declaration de variables

| % Dedaration d'un tableau

% evaluation_unit

i evaluation_unit solution

% error

 example

* pedagogical resource description
& semantic annotation

Propositions: 1234
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