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Abstract

The knowledge extraction is an interactive and iterative process of analyzing a mass of data raw with the aim of
extracting distributed knowledge, usable and adaptable to a given situation and profile. In the perspectives of
implementing a medical knowledge extraction system, we present in this paper the study, design and development of
an incremental knowledge base for medical diagnosis based on decision trees. The knowledge results from shared
experiences by connected users to the system produce a base of incremental knowledge which improves gradually
for every new experience of various users. We are interested, in the construction process of the knowledge allowing
the exchange and the adaptation of the shared results according to the user profile. Our solution includes an
automatic verification system to the knowledge base to validate user experiences, it helps to promote the most
profitable and most reliable experiences, giving users more choices and more options for a safer operation for its
situation. The proposed solution presents a rich model that can be applied in several areas, it is divided into two
parts, a server which provides the core of the system developed in J2EE and a mobile part developed with Android.
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interaction with the environment, the Auto-improvement
and the Evaluation.

1. Introduction

The implementation of a solution that supports not only
the operation of medical data, but also performs
processing and generates dynamic knowledge models to
provide suitable and adaptable outcomes for every
patient, seems to be difficult to adapt to the constraints

This new approach presents interesting advantages such
as modeling and visualization of system behaviors,
services synchronization and resources sharing.

On the other hand, it is necessary to produce

required by the sensitivity of medical data and the lack
of knowledge to produce the best results, judging by the
scarcity of existing programs, that usually, merely
exploit an already predefined database.

Our solution which is called MDS-CP: Mobile
Diagnostic System for Collaborative Patients, is based
on a new methodology for adaptive systems modeling
of decision support based on three criteria: The

classification procedures understandable by the user, we
have chosen to work through decision trees that fit this
requirement because they graphically represent a set of
rules and knowledge also they are more -easily
interpreted.

In this article, we will describe the various stages that
led to the realization of this project, from the
preliminary study, passing by the functional and



conceptual analysis, and getting to the realization and
implementation of the solution.

What is MDS-CP?

Mobile Diagnostic System for Collaborative Patient
(MDS-CP) is a medical diagnostic tool by accumulative
knowledge, which allows to its user to generate
treatments (medications, tips ...) for illnesses, diagnosed
in advance from the application via a decisional system,
through the consultation of all the solutions collected
from the experiences of other users who have a close
profile and have a similar situation to the use case.

The application will also allow the user to consult
treatment and even suggest solutions that will be added
to the system, the system will perform updates and
generate decision trees after each knowledge validation.

2. Targeted objectives

The node object of this project is the design and
implementation of a decisional/ Mobile application,
dedicated to mobile smartphones and intended for the
patients, the application must:

- Contain a dynamic decisional system,

- Have a sharing process, verification, validation and
dissemination of knowledge.

- Generate decision trees after each validation of
knowledge,

- Have accumulative
experiences,

knowledge through user

- Be able to find correspondences in terms of profile
and use cases,

- Be able to keep a history of use,

- Have a flexible data model and an applicable
hierarchy in other topics,

- Contain a system to handle exceptions,

- Ensure the privacy of each user,

- Provide the best reliable results

- Ensure the Inter-Mobile Communication

- Provide simple and
interfaces.

representative  graphical

3. Presentation of the new
methodology for adaptive systems
modeling

To conceive an adaptive decisional system in an
evolutionary and changeable environment is a difficult
goal to achieve by the models and the classical
approaches because of the unstructured received data,
and the sensitivity of the field.

The new methodology is based on three criteria: The
modeling and the visualization of the system behaviors,
the services synchronization and the resource sharing.

a. The interaction with the environment

The sensitivity of some fields as "medicine™ requires the
presence of effective and fast special systems which
carry out treatments adapted to the needs.

Several studies have been conducted to conceive an
adaptive system that meets this need, however, the
majority of these studies are based on multi-agent
systems that provide results after the cooperation of
agents.

The downside of this research is that they eliminate an
important option of the adaptive system, it is the
interactivity: This option allows to adapt the behavior of
the system with the treated environment and check this
adaptation at every given moment.
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Figure 1: Interaction with the environment via data

The implementation of adaptation involves adapting in
each time via the received data and the consideration of
results for another adjustment in case of need.

This point was an objective aimed by the new
methodology of adaptive systems modeling which aim
to take into account the environmental variables for the
adaptation in every moment.



b. Self-improvement

In order to improve the system performance, it is
necessary to take in consideration the factor of user who
must interact at the time of the decision.

Self-improvement, which is based on the system
experiment or the choice of user who can change a
decision, is the axis which allows in the new
methodology to improve the system itself.

After several uses, if the system finds that the decision
D2 is not frequented by the user or it has not been
chosen as the solution of a given situation, it can trigger
a change by another decision as it is shown in the figure.
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Figure 2: Self-improvement

c. Evaluation

The network construction is done automatically without
human intervention, the system creates step by step its
own domain ontology based on the accumulative,
collected, verified and validated knowledge, allowing to
build an evolutionary and robust base.

Figure 3: Construction of the decision network

The elementary decisions are created gradually starting
from the experiments of the system which supports the
formation of an increasingly solid core.

4. Description of the project

The project is composed of three phases, a decisional
phase and a contextual research one, as well as a phase
of privacy security. The first phase is to integrate a
decisional system, the second concerns the processing of
data flow, whether those traveling between
Smartphones, or those traveling between Smartphones
and the server, and the third ensures the security of
system data.

a. Decisional Phase
Description of decisional system

The decision-making system that implements our tool is
an expert system which is defined as an artificial
intelligence system wusing facts, knowledge and
reasoning techniques to solve problems that require
some kind of human skills.

Our expert system differs from other conventional
systems by its ability to acquire new accumulative
knowledge from application users, those users who are
in the same network can trigger the change of the
knowledge base that fits with the number of views of a
given data, thus, the automatic updates of the knowledge
base ensures the integrity and reliability of data by
fostering in the decision tree the most profitable
branches and removing system vulnerabilities.

To each new update is a new knowledge tree more
reliable and much richer, all of this by taking into
account the views of the users what gives more choices
and more options for a safer data exploitation.

The Knowledge Base Construction

The central idea in our approach is to split recursively
and efficiently as possible the knowledge set through
defined tests using attributes until we get subsets of
examples containing almost only the examples that
belong to the same class.

This implies that a verification procedure will take place
for each node, the knowledge that causes disturbances



will be rejected, and the others will be validated and
approved in their position. The resulting tree will still
awaiting for shared knowledge to perform data
validation procedure.
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Figure 4: A Part from a knowledge tree
b. Phase of contextual research

The purpose of the contextual research is to meet the
needs of the user by providing informations adapted to
their specific research context.

This phase is related to the treatment of the data flows
and the information exchanges, be it those transiting
between users (Ex. Smartphones) via the server, or
those traveling between smartphones and decisional
system, thus, we are also interested in the knowledge
construction  process to adapt the shared
results according to the profile of their target user.

The figure above shows the transmission and reception
of user data to the system base, the data will then be
shared to all users.

The Data flows in the system as a social network,
except that a shared data goes through a validation
process to detect anomalies and ensure the reliability of
data flowing in the network.
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Figure 5: Flow of the data in the system

c. User profile adaptation.

The traditional search engines do not consider too much
the context of research, this is why it was necessary to
integrate an engine that will adapt the results to the
user's profile, in our case,the fundamental need is to
offer to a patient the results (treatment, medication ...) of
all other patients who shared knowledge and have a
profile close to similar to the target user. The Profile
here means all the information attached to a patient:
gender, location, weight, height, diet...

The relevance of the information provided, its
intelligibility and its adaptation to user preferences and
usage are a key factors for success or rejection of such
information systems. For this, we focused on the
modeling of user preferences in information research
area in several heterogeneous resources integrated via
mediators. So for the definition of an architecture for the
user profile [11] taking into account the dimension of
focus based on historical interrogation, then the
integration of this profile into an information search
process to customize the results returned by the
mediation system. The use of profile ontologies allows
us to:

- Facilitate access to multiple information sources.

- Exchange information to improve, and participate in a
collaborative process of distributed resolution.

- Distribute and balance the workload.

Below is a class diagram of the focus that implements
relationships between domains and users.
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Figure 6: Class diagram of the user interest

i. Hierarchical organization of interests

The public or shared interest is common to all users, but
can be customized dynamically as and when users query
the mediation system forming appropriate interest
centers to different groups of the system. Indeed, the
public interest concerns a specific area, provided by
experts, and will be used by the system for the
construction of users interests classified by categories.
These will include knowledge and data shared among a
users group of the same mode of operation of the system
concerned.

knowledge that make up each area of interest are copied
into the user workspace when he selects. The system
can then supplement this interest by protected/ private
specific knowledge of user.

Generally, the interests provided by the system are not
reduced, because it is a prototype, but we plan to create
a collection of interests resembling the folders
categories of types of users to limit areas of interest in
numbers.

In our application context, we are particularly interested
in site users to manage online PMD. We identified three
groups among those users for which our approach can
improve the effectiveness of their work online:
administrative, doctors and patients.

- Administrative staff who wish to compose static and
newspapers for decision making.

- Doctors who wish to write an adaptive report for their
patients.

- Patients who wish to appropriate the contents of the
PMD to the changes in his health.

The main common point of these users is ignorance of
the accurate purposes of navigation when you start it or
the composition of the original document of the PMD. It

is therefore necessary to compose the patient's medical
document not only in own way to each user, but also as
and when the navigation of that user. To do this, the use
of cooperative medical ontologies by reusing the
techniques from personalization, customization and
adaptive query allow optimizing resources and
improving the query process of mediation systems.

For example, assume that a doctor needs to monitor a
patient consultations via its PMD. In the initial study,
the mediation system have to recommend compatible
drugs to support the doctor during the medical
treatment. In uncertainty, this question requires the use
of the ontology of profiles using the same group as the
basis for this guide. Therefore, the mediator may
recommend medication based on a set of constraints and
knowledge of the ontology of profiles (such as disease
and health of the person concerned). In addition, this
ontology [15][16] can help the doctor to find
information about a particular treatment or a particular
class of symptoms, it can find the right tools for a
medical operation if necessary (such as a particular type
of machine suitable for this variety of operation), etc..

ii. Interest dimensions

The interest is to consolidate in a knowledge base the
personalized research results in relation with the use
profile. This knowledge is used by the monitoring tool
for communicating the news of sources on a subject or
in a specific area.

The interest is therefore a continuous updating of
knowledge of a user or group of users vis-a-vis the data
sources integrated by the mediator.

This knowledge is represented by an ontology used in
the process of matching queries and in the historical
interrogation of sources and in the interaction with the
system of mediation. It therefore proposes a cyclical
method proceeds in two steps. The first is to extract
from the history of interactions a qualified candidate
interest of context of use, which reflects a specific need
for information. The objective of the second step is then
to integrate the context discovered in a knowledge base
with respect to the assumption of diversity of interest.
This reflects the learning phase of interests which
induces changes in the profile.

In order to evaluate the degree of change contexts
related to the user interests, we describe a context with



an adaptive ontology where the focus is described by
four dimensions. The first represents the history of user
interactions with the mediator. The second characterized
its recurrent needs as information and is inferred and
evolves from the first dimension. The third defines the
security exploitation of interfaces and access to data
sources. Finally, the fourth includes knowledges in the
semantics, data and functionalities offered by the
mediation system.

ili. Profile specification of the user queries

For this classification, we were interested also in the
consideration of user profiles in the interrogation
process whose goal is to improve the relevance in terms
of research results in various data sources integrated via
the mediator. The solution we provide is based on the
use of ontologies to represent knowledge of the research
area covered by queries and user profiles on the selected
area. In this context, the query ontology can help the
users to retrieve the desired information effectively and
efficiently from a large collection of data.

In that case, the user is confronted with an information
overload in which it is difficult to distinguish pertinent
information from secondary information, and even
noise. In addition, the evaluation of a query is usually
without considering the context and / or specific needs
of the user who issued it. The same request made by two
different users, produces the same results even if these
users have different expectations.

To address this problem, firstly, the use of an
evolutionary model of ontology and an adaptation
process will allow ontologies to adapt to changing
knowledge of an area by a user group. Then, the
exploitation of this type of ontology to improve the
process of interrogation by an incremental optimization
algorithm. The parameters of this algorithm are the
different structures and separate data sources, and the
degree of importance of these entities to extract
pertinent data.

d. Phase of Security and Privacy

This part takes as objectives the improvement of the
safety for the second phase, this security have several
aspects, the most important are:

- All exchanges between users must be secured,

- The data are shared only after a confirmation from
its owner,

- Each profile is invisible if and only if the owner
decides to make it visible,

- Each user can select the information to
communicate and share with others.

4. Functional and Conceptual Study

This part treats the desugn and the general modeling of
the features which define the solution to be developed,
this design is carried out with the language of modeling
UML.

In this part we present the class diagrams which are
considered as the most important in object-oriented
modeling, they model the concepts of application
domain and internal concepts created of all parts within
the application implementation, as well as the use case
diagram that expresses the requirement of the system
users, so it has a user-oriented vision.

Our first class diagram brings together all the classes
which compose our mobile client (see Figure 7), and the
relationships between these different classes.

This diagram is linked with a second Diagram (see
Figure 8), which has the classes of our core, it is the
decisional system which will be implemented at the
Server.
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Figure 7: Client-side class diagram
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Figure 8: server-side class diagram

Furthermore, our use case diagram (see Figure 9) shows
the various actors interacting with our system, we have
three actors, the patient who will be at the mobile
clients, the expert who manages the integrity and
stability of the system and the decisional system who
will communicate with users.

e

Wobil Diagnostic System for Gallaborative Patients

Figure 9: use cases diagram

5. Architecture of the solution

a. Physical Architecture

The figure below shows the physical architecture of the
applications that compose the solution.
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Figure 10: different parts of the system

We have three main parts:

- Client part: It presents the HMI (Human Machine
Interface) front office and all visible features. Our
HMI will be the Android mobile.

- Business part: This part is in charge of processing
mechanisms. It is  responsible for the
implementation of the project business processes.
Our decisional system is developed on this party.

- Data part: deployed on a data server and accessed
by client / business parts.

b. Software architecture

For this project we have worked with an architecture
Model / View / Controller (MVC), which is a way of
organizing a graphical interface of a program. It
involves three distinct entities, model, view and
controller, each with a specific role in the interface.

The global organization of a graphical interface is often
difficult. Although the MVC way of organizing an
interface is not the miracle solution, it often provides a
first approach that can then be adapted. It also provides
a framework for structuring an application.

Requéte . /

—— Changement

Notifications de
changements

Actions utilisateurs

Choix de la vue

Figure 10: MVC architecture



In the MV C architecture, the roles of the three entities
are:

- Data (access and update)
- View: user interface (inputs and outputs)

- Controller: event

synchronization.

management and

c. Development tools

Mainly we have worked with two tools, the first tool is
J2EE with which we have developed the core of our
application, and this is the part that performs most of the
operations.

This choice was made due to the J2EE application
architecture bases on components, which allows a
cutting application and thus a separation of roles during
development.

For the client part we have worked with the Android
system which is free and famous in the world of
smartphones.

The communication between the different system
components is performed through the Web Services.

6. Implementation of the solution

a. The packages
The decisional system

This application is a J2EE project. The J2EE project
contains all the classes that will make treatments and
provide results exploited by the Mobile client. The tree
structure of this project in Eclipse is divided into four
packages respecting the adopted MVC architecture:

[ Project Explorer 52 == - g
4 32 MDS-CP ~
Deployment Descriptor: MDS-CP
22 JAX-WS Web Services
4 7% Java Resources
4 [iﬁi src|
4 [ Hibernate
[J] Questionnairesjava
)] QuestionnairesDAQ.java
[J] QuestionnairesimplDataBase.java
1X| Questionnaires.hbm.xml
4 £ Metier
[J] Controleurjava
[J] ControleurFactory.java
4 £ Module
[J] Entitejava
[J] MaladietypeA.java
[3] MaladietypeB.java
[3] QuestionEntite.java
[3] QuestionMaladietypeA java
[3] QuestionMaladietypeB.java
4 £ Moteur.inference
[J] Moteur.java
[J] MoteurmaladietypeA.java
[J] MoteurmaladietypeB java
X hibernate.cfg.xml
|Z] hibernate.properties
X| hibernate.reveng.xml
= Libraries
=i\ JavaScript Resources
(= build

Figure 11: Decisional system development packages

- The "Hibernate” package contains a mapping of the
database tables and java classes.

- The "Business” package contains the controller part
and the methods of the system.

- The package "Module” Contains the classes

instantiation of our decisional systems

- The package "“inference engine” Contains the
execution engine of the expert system, it often uses the
classes of the business layer.

The mobile client

This application is developed with Android, its interest
is to provide graphical interfaces required to exploit the
results of the decisional system. There is no specific
treatment, however it uses the expert systems to perform
these functions, it is the "View" layer of MVVC module.
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Figure 12: The mobile application packages

The interfaces of our mobile application are of type
".xml" as shown in the figure below.
The SRC folder contains two package:

- The first "com.MDSCP.Traitements" contains Java
classes which call on the interfaces.

- The second "com.MDSCP.Traitements.libs" contains
classes ensuring communication with the decisional
system via the web service REST and exchanges data
with the database.

a. The interfaces

The developed tool contains several interfaces; in this
article we will show only some of these interfaces.

The main interface (figure 14) of the application offers
three possible operations, to make the diagnosis, To
consult treatments and to propose a treatment for a
given disease.

We present in this article only one simple view of the
realized interfaces.

Figure 14 shows the interface corresponding to the
operation of diagnosis, the user will have to indicate the
painful zone.

8 \IDS-CP

& VIDS-CP

effectuer

Quitter

Figure 14: Main interface Figure 13: Medical

diagnostic interface

Figure 17 shows the interface of the diagnostic result,
this result is displayed after a set of questions (Figure
16) generated by the expert system.

& MDS-CP @ MDS-CP

3- Avez-vous da Fiture ?

Quitter Quitter

Figure 16: Diagnostic Figure 15: diagnostic result

questionnaire

Conclusion and perspectives

In this paper we propose a fully functional powerful
solution that will make life easier for many people. The
project is of great technical interest; an extension of this
work would be the realization of robustness tests and
deployment of the solution. The solution can also
functionally evolve by responding to new needs thanks
to its flexible architecture carefully designed and the
introduction of good programming practices to
encourage re-use.
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