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Abstract

The human-oriented fuzzy Classification Query Langud@®Q() allows non-

expert users to query relational databases in a more natural language using
linguistic variables and terms instead of working with the values of the attributes.
Each linguistic variable is related to an attribute and a set of terms. Terms are
human notions, therefore they are subjective and fuzzy. So each term needs to
be defined clearly by a membership function. Linguistic variables, terms and
membership functions are stored in tables of the database, called meta-tables. The
advantage of this approach is that no change has to be made on the raw data.

fCQL represents a higher layer language basedS@i It does not aim to
formulate general queries but specially classification queries which are then
translated intdSQL A fCQL query classifies a set of records into one or several
classes specified in the query. Each record is then labelled with a membership
value representing its matching degree to the class it has been assigned to. Because
the terms are fuzzily defined, a record does not necessary belong to an unique
class but perhaps to several classes.

The membership functions have an essential rolédGQL The topic of this

work is therefore the development of a tool allowing the definition, the edition,
the storage and the retrieval of those functions. This paper presents some aspects
which led to the membership function editor calletEdit for a fCQL-based
architecture.

Keywords: Fuzzy Logic, ClassificatiorfCQL, membership function, relational
database, data mining.
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CHAPTER 1

Introduction

1.1. Motivation

After having developed an interpreter for the fuzzy classification query language,
namedfCQL, the Information Systems Research Group of the University of
Fribourg (Switzerland) faced new issues to improve its functionality.

An important drawback of this interpreter was the way it handled the mem-
bership values. Originally it was limited to discrete (or categorical) attributes so
that a membership value had to be defined for each possible attribute’s value.
Using a discrete membership function is only possible for discrete attributes.
It is not acceptable to assume that every attribute in a database is categorical
and furthermore not possible to assign manually a membership value to each
continuous attribute’s value. For being able to use this interpreter in real business
situations an extension for continuous attributes was required.

When using this interpreter, another problem was the fact that the whole
membership values were predefined in the installation script and that modification
of those values were only possible throdgQLrequests. That's why the environ-
ment off CQL needed an editor to define and edit those membership functions. All
these enhancements are brought by the membership function editorro&téd

1.2. Goals

The main task of this work was to provide a software able to define, to edit, to
store and to retrieve membership functions from a relational database in order to
make them available within tH€QL interpreter for real business applications.

To support both categorical and continuous attributes, two different handling
had to be implemented according to the attribute’s type. For categorical attributes,
the user defines an accurate membership value for each category whereas for
continuous attributesmEdit allows the user to directly draw a membership
function on the whole definition domain of the attribute.

The main part of this work was to design a graphical function editor and to



1.3 Work’s guidelines

find a way of storing these defined functionanEdit had to offer the user
several appropriate shapes (each shape concealing an equation) for drawing the
membership functions. On the one hand, a graphical interface should assist the
user in defining the membership function. On the other hand, the equation of
the membership function should be hidden from the user and had to be stored as
meta-information in the meta-tables for the interpreter. Consequently the editor
had to provide théCQL interpreter an access point to the membership functions
and values.

Additionally some software design requirements had to be respected. The
robustness of thenEdit had to be hardly tested and the software had to be
extensible to allow the definition of new membership function’s shapes. Moreover
this tool had to be easily used by non-statisticians. Therefore no equation had
to be entered by the user as the graphical user interface should allow to define a
function in a simple and graphical way.

1.3. Work’s guidelines

This report follows the development stepswiEdit First of all, chapter 2 presents

an overview offCQL to provide an intuitive approach of this language with the
help of an example and the technical background required for understanding
the overall context of the editor. Some main advantagefCQfL and different
applications fields are concisely exposed. To close this chapter, the last section will
briefly present other softwares related to fuzzy logic and other fuzzy languages.

From a theoretical point of view, a relevant issue of this work is the choice
of the appropriate shapes and their related equations which is extremely important
for defining the membership functions. Chapter 3 exposes the existing shapes
according to their application fields and then presents the functions available in
mEdit

The next step was to consider the way the functions should be stored in the
meta-tables of the database. This implied finding a format of storage for the
equations and remodelling the meta-tables. The ideas related to this topic are
explained in chapter 4.

Before starting the implementation of the editor, a well designed architec-
ture had to be developed. TheEdit architecture is introduced in chapter 5
which also details the interaction between its different components and speci-
fies the chosen technologies. In section 5.4, the different activities of the editor
are briefly described to understand the sequence of windows while using the editor.



1.4 Typographic conventions

Chapter 6 gives information about the editor’s library implemented in Java.
Every subpackage is accurately described and the rule of the most important
classes is explained. The library and its different packages are also illustrated by
class diagrams.

Chapter 7 provides the installation requirements and the instructions for an
optimal usage oMmEdit The last section presents some tips for developers inter-
ested in future extensions and provides some general instructions for modifying
mEdit

Finally, some words about the advantages and the potential improvements
of mEditconclude this report in chapter 8. As annexes,f@@L syntax and the
SQLstatements to create the meta-tables end this paper.

1.4. Typographic conventions

To clarify the reading of this work, some typographic conventions will be applied.
The name of directories, files, extensions, programming languages, softwares and
trademarks will be printed iitalic characters Samples of code source, classes,
methods and packages will be printedtypewriter's characters . Ad-
ditionally important expressions will be printed lold characters the first time

they appear in the text.



CHAPTER 2

About fCQL

2.1. fCQL theoretical foundations

The theoretical basis dCQL, for fuzzy Classification Query Language, finds its
roots in the fuzzy sets theory from L.A. Zadednd the context model. The context
model allows the classification of database records and the fuzzy sets theory makes
the classification fuzzy.

2.1.1. Fuzzy sets

The notion of fuzzy set stems from the work of Zadeh [28] published in 1965.
Zadeh observed the gap between mental representations of the reality, that is
human concepts, and usual mathematical approaches. Human concepts are
represented by natural language terms like "young man” or "high price”. Such
concepts are useful to describe the reality and to summarize the human perception
of the world. However, they are vague and subjective. Since each person has
its own idea of the meaning of an expression such as "young man”, human
concepts are therefore subjective and context-dependant. On the other hand,
mathematical concepts are sharp and sometimes difficult to understand. Therefore
sharp representations are not adequate to describe the vagueness of the human
perception.

As natural language terms are vague, a gradual notion is needed to define
those terms. The way of defining mental representations is no more "all-or-
nothing” but is expressed by the notion membership which is represented by

a value, callednembership value in the interval[0, 1]. The specificity of fuzzy

sets is to capture this idea of partial membership whereas classical crisp sets are
reduced to binary membership, in other wokd@s 1}. Every member of a crisp

set has a membership value of 1 and the outside elements have a membership
degree of 0. Therefore, a crisp set does not need to label each element with a
membership value. In contrast, every member of a fuzzy set has an associated
membership value. For instance, a fuzzy set can enclose a specific elément
with a membership value of 0.6. This same elemémtan also be part of one

! Professor at the Computer Science Division Department of Electrical Engineering and Computer
Sciences University of California (see http://www.cs.berkeley.edu/ zadeh/)



2.1fCQL theoretical foundations

or more other fuzzy sets with different membership degrees. Thus the notion of
membership allows an element to be part of several fuzzy sets.

Each fuzzy set is represented by a function caltedmbership function.

A membership function associates a membership value with each element in the
referential of the related fuzzy set. Therefore, a fuzzy set is often understood as a
membership function. As figure 2.1 shows, a membership function can define the
set of all the "young men”. If a crisp set is used, only the men between 20 and 36
years of age are considered to be young men. On the other hand, the fuzzy set is
not so precise: the men between 24 and 32 are "young” with a membership degree
of 1, but the one between 16 and 24 and between 32 and 40 are also "young men”,
however with partial membership degrees.

[—=] Membership function describing the fuzzy set “young men”

[—=7 Membership function describing the crisp set “young men®

o

0 10 18 20 24 30 2 36 40 [age in years]

Figure 2.1 Membership functions for crisp and fuzzy sets

To extend the functionalities of fuzzy sets, operators of the classical set theory
like intersection, union, complement, inclusion and so on have been adapted to the
concept of fuzzy sets. For instance, the union of two fuzzy sets can be performed by
taking the pointwise maximum of their membership functions and their intersection
by the pointwise minimum of their membership functions. It is important to note
that, due to the new potential of the fuzzy sets theory, these operations can also be
defined in different ways.

2.1.2. Context model

In the relational data model, every attribute is defined on a domaif(A;). The
enhancement of the context model consists in a comtegx ;) assigned to each
attribute A;. A contextK (A;) is a partition of D(A;) into equivalence classes.
Thus a relational database schema with cont@&td, K') is composed by a set
A = (Ay,..., A,) of attributes and a sét’ = (K (A,), ..., K(A,)) of associated
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contexts. If each equivalence class contains only one element, the context model
has the same effect as the relational data model.

Shenoi [26] introduced the context-based fuzzy equivalence which general-
izes the classical equality and enhances the notion of tuples redundancy found in
the relational model. In contrast to the relational model, two context-redundant
tuples are not identical but equivalent. Two tupleendt’ are context-redundant

if for each component; of ¢, the corresponding componeftof ¢’ belongs to the

same equivalence class. This means that all the context-redundant tuples are part
of a same class. Therefore the context model leads to a classification.

Figure 2.2 shows an example of contexts for a database table containing
three columns: the provider's name, the quality of service and the delay in
delivering the service. The idea is to use the context model for classifying the
providers according to their quality and delay.

D(Provider) = {Dewag, MAM,6 KBA,K MTX}
D(Quality) = {low, sufficient, average, high }
D(Delay) = [1,10]

K(Provider) = {{Dewag, MAM ,h KBA,K MTX}}
K(Quality) = {{low, sufficient} , {average, high} }
K(Delay) = {[1,5],[6, 10]}

Provider Quality Delay tuple
Dewag low 3 t,
MAM average 7 t,
KBA sufficient 5 t;
MTX high 2 t,

Figure 2.2 Providers example with contexts

The contexts have been defined on the three attributes "Quality”, "Delay” and
"Provider”. The quality values "low” and "sufficient” are equivalent and thus they
are in the same equivalence class. The same applies to the quality values "average”
and "high”, as well as the delay intervals, 5] and [6,10]. In contrast, all the
providers are included in a same and unique equivalence class corresponding to
the referential of the "Provider” attibute.

Once the context-redundant tuples are detected, a merge operation on each

6



2.1fCQL theoretical foundations

group of context-redundant tuples creates the resulting classification. Figure 2.3
shows this classification for the providers example, after the merge operation. All
the attribute’s values of tuplds andts belong to the same equivalence classes.
Indeed, the providers "Dewag” and "KBA” are in the same equivalence class and
the qualities "low” and "sufficient” are equivalent as well as the delays "3” and
"5”. Therefore the two tuples are context-redundant and belong to the same class
called "C4” as shown in figure 2.4. Figure 2.4 graphically represents the four
different classes in the classification space defined by the attributes "Delay” and
"Quality” and generated by those contexts.

Provider Quality Delay

{Dewag, KBA} {low, sufficient} {3, 5}
{MAM} {averge} {7}
{MTX} {high} {2}

Figure 2.3 classification of providers after merging

D(Delay)
101 c1 c2
9
8
MAM
7 .
6
> 1 c3 Cc4
4
5 Bewag
5 X
1
high average sufficient | low
D(Quality)

Figure 2.4 Graphical representation of the classification space

2.1.3. Fuzzy classification

As explained in the previous subsections, the fuzzy sets theory allows partial mem-
berships to sets. On the other hand, a class can be seen as a fuzzy set. The main

7
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idea of the fuzzy classification [10] [26] is to consider equivalence classes gener-
ated by the context model as fuzzy sets. To create fuzzy classes, a verbal term is
assigned to each class. Since verbal terms are vague, the classes become vague
too. The notion ofinguistic variable introduced by Zimmermann [30] is useful

to perform this mapping. By definition, a linguistic variable takes a value in a set
of verbal terms. As shown in figure 2.5, the linguistic variable "Delay” can take
one of the "acceptable” or "unacceptable” term’s values. Each linguistic variable
is related to an attribute of a database table. In the example of figure 2.5, the lin-
guistic variable "Delay” is related to the attribute with the same name. Often, for
the sake of simplicity, the name of the linguistic variable is the same as its re-
lated attribute. Then the terms "acceptable” and "unacceptable” represent each an
equivalence class defined on the domain of the related attribute.

Delay Linguistic variable
acceptable unacceptable Term
1.2 3 4 5 6 7 8 9 10 D(Delay)
[equivalence class] [equivalence class] Context

Figure 2.5; Using linguistic variables and terms in the context model

Since terms can be seen as fuzzy sets defined by a membership function, the mem-
bership to an equivalence class is no more binary like in the context model but can
be partial. The tuples can be part of several classes with different membership de-
grees. Based on the providers example of the previous subsection, figure 2.6 shows
the four classes using terms and membership functions. Each class can have its
own semantic. For instance, the class of providers "C4” could be labeled "improve
guality” as the quality is bad. The class "C2” could represent the providers whose
relationship has to be reconsidered because of their bad quality and inacceptable
delay.

The two linguistic variables are "Quality” and "Delay” and their respective set of
terms are{good, bad and {acceptable, unacceptable The terms "good” and
"bad” are described by their membership function, respectiygly; and jiyqq.
Those two functions partition the domain(Quality) in two fuzzy sets. The
membership of the provider "MAM” (quality "average” and delay "7") to the
fuzzy set "good” is given by the following formula:
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D(Delay)
10 C1: inaccep!al()’le delay C2:
I an )
H unacceptabie 9 good quality maccep;?gjle delay
8 bad quality
7 MAM o
P 6
-
5 C3: acceptable delay C4:
and
4 good quality acceptable delay
\ and
3 bad quality Bewag
|'J acceptable MTX L)
2 L]
1
high average sufficient low D(Quality)
0.00 Hoess
0.33
0.67
1.00 M goou
v

Figure 2.6 Context-based classification using fuzzy sets

M(MAM |good) = pgeod(average) = 0.67
In a same way, its membership to the fuzzy set "bad” is given by:
M(MAM)|bad) = pped(average) = 0.33

The membership value of an element to a specific class is defined by the aggre-
gation of all the terms of linguistic variables defining the class. In the providers
example, the four classes are defined by the two "Quality” and "Delay” linguistic
variables. Since the class "C4" is defined by an "acceptable” delay and a "bad”
guality, the membership degree to the fuzzy set "acceptable” and the one to the
fuzzy set "bad” have to be aggregated. Depending on the operator performing
the aggregation, more importance is given to one or several particular linguistic
variables. The operator chosenf@QL, called gamma operator, allows an effect

of compensation between the different linguistic variables. The following formula
shows how to calculate the aggregated membership of the provider "MAM” to the
class "C4":

M(MAM(CLU@T(IQG, 7) |C4) = faggregation (Mbad(average)a Macceptable(7))



2.2 Definition

2.2. Definition

Originally created by Schindler [10fCQL is a fuzzy Classification Query Lan-
guage founded on the fuzzy classification approach presented in the previous sec-
tion. This language allows the user to formulate classification queries on a lin-
guistic level without numerical values, but with predefined linguistic variables and
verbal terms. As figure 2.7 show§ QL is a higher level language based 8QL
and aims to use verbal terms to classify the records of a relational database. The
fCQL queries are processed by an additional layer built on the RDBM8fCQL
interpreter. This component translates tB€L queries intoSQL queries sent to
the RDBMS.

[ User ]

fCQL queries

SQL queries [ fCQL interpreter ]

SQL queries

[ RDBMS ]

Relational Database

Figure 2.7: fCQL as intermediate level between the RDBMS and the user

Unlike the widely use®QLIlanguagefCQL aims to build only fuzzy classification
gueries. Itis also possible wiBQLto formulate classification queries by selecting

the records matching specific criteria. However, the classification ma8&hys

sharp and does not include a membership degree for each matching record like
fCQL does. Actually, after running QL query, thefCQL interpreter returns the
records and their degree of membership to the class or classes formulated in the
query. Figure 2.8 shows an example of h8®L can be used to classify records
and the correspondinQL query. As theWHER£lause of 8&SQL query which

is the selection condition containing one or several attributesMHé+clause of

fCQL is the classification predicate using linguistic variables and terms. These

2 Relational Database Management System

10



2.3fCQL/ SQLexample

qgueries will be explained in details in the next section and the comft.
syntax is available in appendix A.

SELECT CustomerID FROM customers
SQL < WHERE PurchaseAmount >= x
AND SeminarPresence >= vy

CLASSIFY CustomerlD FROM customers
fCQL < WITH PurchaseAmount IS High
AND SeminarPresence IS Sufficent

Figure 2.8 Classification queries witBQLandfCQL

Since thefCQL queries use predefined linguistic variables and termsfGig@.
interpreter lays the definitions of this useful meta-information in the same
relational database which already contains the raw data. Independent tables
calledmeta-tablesare added to the relational database schema for storing those
definitions, so no modification or migration of the raw data is required.

2.3. fCQL / SQL example

To show the potential ofCQL, we assume that a business relational database
contains a table calledustomers with information about the customers with
three attributesCustomerID , PurchaseAmount which is the total amount of
purchases bought by the customer &saninarPresence  which is the number

of frequented seminars organized by the seller and which quantifies in a certain
way the client’s interest for the products.

If the marketing department wants to know who are among all the valuable
customers, an approach would be to &gl to find out which customers belong

to this class. The only available criterion to define the class of valuable customers
is the information contained in the database. The generic query to retrieve the
valuable customers is expressed in figure 2.8. An issue is to determimeaiig

y values. Assume a valuable customer should have a minimal purchase amount of
10’000 CHF and a minimal number of frequented seminars of 5. The drawback
of suchSQLquery for the classification of customers is its sharpness: a customer
with a purchase amount of 100°000 CHF and a number of frequented seminars
of 4, shortly written [100°000, 4], would be excluded of the result set. It turns
out that such a customer could be as valuable as a [10'000, 5] customer. If the
businessman had to choose himself the valuable customers, he would surely

11



2.3fCQL/ SQLexample

choose the [100'000, 4] customer and perhaps not the [10°000, 5] one.

To avoid the skewed classification that QL request may generate, the
fCQL syntax proposes to formulate a human-oriented query as shown in figure
2.8. In that case, the two linguistic variables @archaseAmount and
SeminarPresence , which have the same name as their related attribute, and
take a value in their respective set of termdsligh, Average, Low } and

{Sufficient, Insufficient }. This situation is illustrated in figure 2.9.
PurchaseAmount SeminarPresence Linguistic variable
[High| [ Average | [Low | | sufficient | [Insufficient]  Term

Figure 2.9 The two linguistic variables and their corresponding set of terms

In a first step, only the linguistic variabRurchaseAmount will be considered.

This variable being associated to the attribute with the same name, all the terms
of this variable have their membership function defined on the domain of the re-
lated attribute. Concretely, the teidigh has a membership function which links

a membership value to each value that can take the amount of purchases. If a cus-
tomer has a membership value of 1 regarding to the amount of purchases, it means
that his amount fully corresponds to the concEjgh . If this value is 0.5, the
amount partially matches the definitionléfgh . If the matching degree is 0, the
amount does not correspond to that concept at all. Figure 2.10 shows a possible
membership function associated to the tétigh .

1.0 1w=09
membership function P;%E;nca;ﬁzg‘;?t dglggr:e
degree Of. of High amount of purchases
membership
il
n=01
low matching degree
0.0 to the concept “High”

amount of purchases

Figure 2.10: Membership function for the teridigh related to the linguistic variable
PurchaseAmount

12



2.3fCQL/ SQLexample

Since the notion oHigh is defined by a membership function, the answer to the
guestion "Does this customer have a high amount ?” is no more yes or no. Assume
that Al is the class of all the customers with a high amount of purchases and A2
the class for low amounts. If the membership functiomagh returns 0.7 for a
given customer, the fuzzy answer to the above question is "70% yes and 30% no”.
Moreover this means that this customer does not only belong to the class Al but
also to the class A2. In a similar way, the membership function of the Lenm

can be used to compute the membership to the class A2. Figure 2.11 gives an
example of triangular and trapezoidal membership functions for the three terms
{High, Average, Low }.

degree of
membership Low Average High
1 w=10
0.5 w=05
0
500 1000 1500 amount of purchases [CHF]

[50% Low, 50% Average, 0% High]

[0% Low, 25% Average, 75% High]

Figure 2.11: Membership functions of the terfitsigh, Average, Low } related to the linguis-
tic variablePurchaseAmount

But that is not yet what the business user wants to know. With the same process,
a membership function can be defined for the tSufficient related to the
linguistic variableSeminarPresence . As shown in figure 2.12, assuming that
Clisthe class of all the customers with a high amount of purchases and a sufficient
number of presences at the seminars, an aggregation function can be applied on
these two membership values (the membership valuéligh and the one for
Sufficient ) to calculate a new membership value: the membership degree to
the class C1. As the gamma operator used iff@@L interpreter allows an effect

of compensation between the linguistic variables, the operator can be configured to
compensate a low membership value &ufficient if the membership value

for High is very high. Such effect is useful to give more importance to a specific
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2.4 Advantages

linguistic variable.

=
>
=
<| .2 C1 c2
¢| T
8
[
g S
©
E C3 C4
<
2
= C5 Cé6
Sufficient Insufficient

SeminarPresence

Figure 2.12 The six classes generated by the terms

With this type of query using terms defined by their associated membership
function, it is possible to keep customers who would have been rejected by a sharp
classification done by QL query. Indeed, some customers who are valuable
for the user are surely rejected by t8&L query but can be retrieved byf@QL

query if the membership functions are well defined. Therefé@L avoids
rejecting potential valuable customers by using simple verbal terms and simulates
the human thinking when classifying the customers.

2.4. Advantages

As introduced in the previous sectiofi€QL allows the user to formulate intuitive

and human-friendly queries to make a fuzzy classification. With the help of
linguistic variables and terms representing human concepts, the user creates
comprehensible and simple requests. Moreover the complexity of the membership
functions is hidden by the terms and is not visible to the user. Indeed, the

membership functions are defined by business specialists and the user simply uses
the predefined concepts.

The main advantage of the fuzzy classification is that each matching record
has a membership degree in all the classes it belongs. Then the user is free
to interpret those membership values and to fix a acceptance threshold. This
important additional information, which would not have been available without
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2.5 Fuzziness application fields

fuzzy classes, allows the user to take the correct decision regarding the customers.

As the classification is one of the approaches used in data mining, this query
language has to be seen as a powerful and easy to use data mining tool. It is
accessible to specialists but also to non-specialist users which can plainly build
user-friendly queries thanks to the simeQL syntax. UnlikeSQL, the fCQL
language is not reserved to database experts.

Another important advantage of this data mining tool is the number of mod-
ifications necessary to make a relational databd@sglL-compatible. Only the
meta-tables have to be installed to d€L, without changes on the raw data.
This meta-information is stored beside the raw data and can be easily edited,
retrieved or even deleted.

2.5. Fuzziness application fields

More widely used and known, fuzzy control was the first important usage of the
fuzzy theory. Fuzzy logic could also be used in a lot of other fields, but is, in fact,
only deployed in some of them. Domains like search engines for improving the
precision of search results, segmentation of magnetic resonance images, search
in multimedia and geographical images databases are for instance already under
influence of fuzziness.

For a business usage, fuzzy logic is still rarely used and companies prefer
to invest in classical data mining tools to solve their problems than to trust in a
slightly different and new approach.

2.6. Related projects

2.6.1. Softwares

Other fuzzy query softwares are already on the markatnalysts Inc. offers
in its fuzzy system solutions package a program narRadzy Query. In
this package, a membership function editor is also available. Moreover the lan-
guage used by this software to query the relational database is very sinfit&plto

Other provider of fuzzy solutions,The MathWorksprovides Fuzzy Logic
Toolbox 2.4 which extends MathLab environments for fuzzy inference systems.
A membership function editor and also a lot of other tools like a rule editor and

3 http://fuzzy.sonalysts.com/
4 http://iwww.mathworks.com/products/fuzzylogic/
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powerful GUI's are available.

Another software implementing a membership function editetDE®, for

Fuzzy Inference Development Environmémtm Aptronix, offers a complete
environment for the development of fuzzy logic-based systems and fuzzy logic
tools including rules editor and a real-time code generator. It supports all phases of
application development: concept, design, tuning, simulation and implementation.

For MATLAB environments, FlexToof from CynapSysbuilds computation-
ally intelligent systems using soft computing techniques like fuzzy systems,
genetic algorithms, evolutionary algorithms, neural networks, and chaos theory.

2.6.2. Models and languages

The fCQL language deploys fuzziness only for classification purpose. But other
languages allow general queries based on fuzziness. Two conceptual data models
dealing with fuzziness exist: fuzzy queries to regular database systems and formal
gueries to fuzzy database systems. The latter implies migrating an existing
database to a new fuzzy database and this step may be very expensive in time
and effort. Because this latter model is often not a good choice in real business
situations, this section will only consider the first model. The simplest way to
insert fuzziness is this model, which is using fuzzy queries on a classical relational
database anfCQL is based on it. The next paragraphs introduce other languages
founded on this data model.

A first enhancement of the relational domain calculus was published by
Takahashi [27]. Calledruzzy Query Language (FQLdhis language is able to
represent all four types of fuzzy statements distinguished by the work of L.A.
Zadeh [29]. This language is a theoretical basis for developing a human-oriented
interface with relational databases.

Another idea for formulating fuzzy queries Buzzy SQL(SQLf or FSQL).

This language extendSQL to allow flexible and imprecise queries but also
preserves the original operations of the classical relational algebra fC@k, it
translates first the fuzzy sequences into uSQ@Lsequences executed directly by
the RDBMS. For instance, terms can be used direct@L queries but must be
prefixed by a "$” symbol to distinguish them easily. Fuzzy comparators based on
the fuzzy sets theory are also available. For each selection condition, a fulfilment
threshold may be established indicating that the condition must be satisfied with a
minimum membership value to be considered. Additionally, fuzzy constants may
be used. In [23], Bosc and Pivert published this ide& QL extension. Several
prototypes validating this extension were proposed by Galindo, Cubero, Pons and

5 http://www.aptronix.com/fide
8 http:/fwww.flextool.com
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Medina in [16] but also in [24] by Zadrozny and Kacprzyk who developed their
own extension calleBEQUERYin [21].

The most well-known relational model using fuzzy logic and speci®QL is
GEFRED[20, 19] which was developed at the University of Granada (Spain).
Based orGEFRED theFIRSTarchitecture [18] proposes a RDBMS client-server
scheme to build a Fuzzy Relational Database Management System (FRDBMS).
A drawback of the main component of this architecture, BSQL interpreter,

is its apparent limitation to trapezoidal membership functions. The next chapter
will highlight the advantage omEdit regarding the shapes of the membership
functions.
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CHAPTER 3

Membership functions’ shapes

3.1. General remarks

Before starting this important chapter, some preliminary remarks have to be made
about the membership functions and their composition.

3.1.1. Concept of composing function

The most powerful method is to define the membership function by parts on its
definition domain. The definition domain of a membership function includes all the
values that the related attribute can take, that is the attribute’s domain. Remember
that a membership function is defined for a specific term which is related to an
attribute. Each part of the membership function is a function caltedposing
function. Figure 3.1 shows three composing functi@fsl, CF2 andCF3 which

define piecewise a rather complex membership function.

membership degree CF2

1
a.a

0.6

5 10 15 Z0 Z5

attribute's domain

Figure 3.1 Three composing functions defining a membership function

As illustrated in figure 3.1, each composing function is defined on a specific in-
terval of the membership function’s definition domain. Between the composing
functions, a vertical discontinuity may occur. However, the composing functions
CF1, CF2 andCF3 do not overlap themselves and this overlapping constraint is
an additional properties of composing functions. Finally, joining all the composing
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3.2 Choice of shapes

functions must ensure that the membership function is defined for each point of its
definition domain. Therefore, horizontal gaps are not permitted.

3.1.2. About discrete and continuous attributes

Conceptually the terms of both discrete and continuous attributes may be defined
by a membership function to determine their membership values. The membership
function will simply be discrete or continuous. In the implementation, the way
mEdit deals with those two types of attribute is different. For discrete attributes,
the user only defines the discrete membership values of each category. On the other
hand, for continuous attributes, the user can graphically define the membership
functions. Therefore in the following sections, "'membership function” has to be
understood as "continuous membership function”.

3.2. Choice of shapes

The shape of the membership function is essential. Subsection 2.6.2 explained that
the FSQLinterpreter only uses trapezoidal membership functions. It is very usual
to find trapezoidal and triangular membership functions in fuzzy logic. This kind

of shapes is often used for fuzzy control of machines or robots. Figure 3.2 shows
an example of such membership functions.

Triangular function Trapezoidal function

Figure 3.2 Triangular and trapezoidal membership functions

Besides trapezoidal functions, other shapes inspired by probabilistic distri-
butions are also important. Examples of gaussian and bell-shaped functions are
represented in figure 3.3. Those functions often have asymptotic properties and
are based on exponential or hyperbolic factors.
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3.3 Shapes available mEdit

Gaussian function Bell-shaped function

Figure 3.3 Gaussian and bell-shaped membership functions

The trouble with collecting information about the shape of membership

functions is that most articles dealing with fuzzy sets do not describe the used
membership functions. In [15], J. Dombi classified some found membership
functions according to their nature and context:

e Membership functions based on heuristics

Membership functions based on reliability concerns with respect to a partic-
ular problem

Membership functions base on more theoretical demand like for instance
decision making

Membership functions for control

Membership functions as a model for human concepts

This latter group of membership functions is the one which is interesting for

the fCQL classification because the membership function should express what a
human being means when using a specific term. In its work, J. Dombi tried to

extract the common properties of all those types of membership functions and
developed his own membership function presented in the next section.

3.3. Shapes available imEdit

The mEdit user cannot foresee the exact shape of a membership function. Like
in every data mining effort, the training phase of the chosen model will evaluate

if the shape is appropriate or has to be adapted. Furthermore there is no standard
function which models human concepts and their hidden meaning. That’s why the
mEditeditor offers two kinds of functions which are able to generate a wide range
of membership functions.
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3.3 Shapes available mEdit

3.3.1. Common parameters of thenEdit functions

The two types of function used mEdithave a certain number of common param-
eters. Both functions have:

¢ a definition domain composed by lower and higher bounds.
e a start y-coordinate, that is the start membership value of the function and

e an end y-coordinate, that is the end membership value of the function.

3.3.2. Linear function

Linear functions lines allow to define piecewise all the following derived functions:
¢ horizontal functions
e triangular functions
e and trapezoidal functions.

Linear functions lines do not need more parameters than the common parameters
of themEditfunctions. These parameters are present in the standard cartesian line
equation which thenEditeditor uses to code each linear shape:

B2 — p1 M2 — 1
= = 7 — , € la,b
pla) = B2ty BB o)
—— —_———
slope y—intercept

where:

e ¢ is the start x-coordinate, that is the lower bound of the definition domain
of the function

e b is the end x-coordinate, that is the higher bound of the definition domain
of the function

e 111 isthe start y-coordinate, that is the start membership value of the function

e 15 is the endy -coordinate, that is the end membership value of the function.

3.3.3. S-shaped function

Once linear functions can be drawn, all the remaining functions are the curved
shapes. The equations of those curved shapes have to respect three properties:

1. the parameters must be meaningful. Th&dit user must understand the
direct effect of changing the parameter’s value. A lot of exponential and
hyperbolic functions do not have simply understandable parameters for non-
statisticians.
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3.3 Shapes available mEdit

2. the number of parameters must be as small as possible. The more parameters
there are, the more complex the configuration of the function is.

3. if the user wants the function to be traced from a start point to an end point,
the equation of this function must provide parameters to realize this interpo-
lation. The drawback of the majority of available functions is their asymp-
totic behavior. Given a generic equation, it is often impossible by simply
setting the parameters to force this function to pass through two arbitrary
specified points. For instance, a gaussian equation with distribution N(0,1)
will never be 0. If the user wants a membership value of 0 at a specific
x-coordinate, the gaussian function will not be able to reach that value. A
discontinuity will be necessary to set the value 0 at the specific x-coordinate.

J.Dombi [15] computed this ideally customizable S-shaped function which also
gathers some common mathematical properties of membership functions from
several articles [15] which appear between 1985 and 1988 or which were first
printed in Fuzzy Sets and Systeéms This function respects some convexity
constraints of a S-shape and defines the membership as a function of the distance
d(x) between a given object and its ideal standard. Furthermore, its equation is a
rational function of polynomials and can be configured to get a linear form. This
function is described by the following equation:

—Vv A=l Tr—a A
/,L(.’E) = (171/))\(711(m)fa)k(“rl/Ai)l(b*f))\’ T € [avb]

where:

e ¢ is the start x-coordinate, that is the minimum of the definition domain of
the function.

e b is the end x-coordinate, that is the maximum of the definition domain of
the function.

e v € ]0,1[ quantifies the x-position of the inflexion point betweeandb. If
vis close to 0, respectively 1, the inflexion point is close teespectively.

e )\ is the slope of the function. Ik = 0, the function is a horizontal line and
if A =1 alinear function:

A=1 = p(z) =2,

For mEdit the convention was made to allowalues between 2 and 20. A
slope with a\ value of 20 already approaches a vertical line.

1 N(0,1) means normal distribution with mean 0 and variance 1
2 the official publication of the International Fuzzy Systems Association (IFSA)
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3.3 Shapes available mEdit

The function given by Dombi is normalized to draw a S-shape ftem) to (b, 1).

To allow the user to use it between two arbitrary poiatsm;) and(b, my) where
m is the start membership value and the end membership value, the function
used inmEditwas modified :

pmEdit(r) = m1+ p(x)(me —my), x € [a,b]
Figures 3.5 and 3.4 illustrate some samples of S-shapes with diffe(easition of

inflexion point) and\ (slope) parameters to show the possibilities of the S-shaped
function developped by Dombi and availablendit

h=2

I 0
ST T 02

77T 0.2
4L :

Figure 3.4 S-shaped functions with different inflexion pointg (

v=0.5r=2 v=057L=5 v=05,A=10

Figure 3.5 S-shaped functions with different slopeg (
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CHAPTER 4

Membership functions’ storage

4.1. Membership function’s format

Before storing a membership function, a appropriate storage format has to be
found. A membership function is, from mEdit point of view, composed by a

list of composing functions. Moreover each composing function is defined by a
couple of information:

e its generic function represented by an equation witlarametersr{ >= 0)
which influence the shape of the composing function. For instance, the
generic S-shaped function defines the class of all the S-shaped functions,
each of them having a different slope, inflexion point and start/end y-
coordinates.

e aset ofn values for the generic function’s parameters.

A solution to store this pair of information would be to lay it directly in the meta-
tables. A structure of tables would fit to the storage of the names of the parameters
and the related values, but storing an equation in a table’s field is not optimal. This
approach would involve a superfluous and time consuming parsing effort each
time thefCQL interpreter wants to retrieve a membership function. Using a parser
also implies defining a grammar to describe the syntax and semantic the equation
must respect and this effort is not necessary. Furthermore storing several different
S-shaped functions would create redundancy inside the meta-tables.

The storage philosophy ofmEdit is to separate the generic function from

the values of parameters and to save them in different places. On the one hand,
mEdit proposes to store the generic functions not directly in the meta-tables but
inside the editor's code. The generic functions are written inside Java classes
which can be instantiated to create new personalized composing functions by
setting the parameters’ values. On the other hand, the values of the parameters are
saved in the meta-tables. The generic equations are fixed and do not need to be
edited. Only the values of the parameters vary and that’s the reason why it makes
sense to store them in the meta-tables.
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4.2 Structure of the meta-tables

As the next chapter will explain, thmEdit architecture is client-server based. In

the mEdit solution, the classes representing the generic functions exist inside the
server which only needs to retrieve the parameters from the relational database,
instantiate a generic function passing the parameters’ values and send this object
to the client. What the client receives is therefore an instance of a generic function
containing the values of the parameters.

To summarize, the idea ohEdit is not to store the entire membership func-
tion in the meta-tables. The invariant part of the membership function, the generic
functions, does not need to be stored in the relational database. But every variable
information about the composing functions is saved in the meta-tables: the
parameters but also the generic function’s type and the definition domain.

4.2. Structure of the meta-tables

In comparison with the structure of the meta-tables proposed fdiCé inter-

preter in [3], a complete redesigning process has been made. A more logical struc-
ture representing the aspects exposed in the previous section was the guideline
during the development of the database schema. Figure 4.1 gives an outline of the
relations between the meta-tables and figure 4.2 shows in details the columns of
the different meta-tables.

The most important table iginguistic _variable which lists all the
available linguistic variables used QL. The link between the linguistic
variable and its related attribute is made by the colatiribute  _name and

is completed by the foreign ketable _id determining the table where this
attribute is supposed to be declared. The other foreigrakepute  _type _id
defines the type (discrete or categorical) of the considered attribute. Moreover the
attributesdomain _start and domain _end respectively determine the lower
and higher bounds of the definition domain of the linguistic variable. Finally the
attributename is the name of the linguistic variable and normally identifies it. In
order to allow an usage of duplicated variable’s names related to different tables,
the primary key is théd attribute.

The table calledtables indexes all the table’'s names containing an at-
tribute related to an existing linguistic variable. Since referring to a table using an
ID is shorter than with its name, a table is identified byichnattribute.

The attribute _type table contains actually only two records but might
be completed over the time. TieEditeditor distinguishes numerical (or contin-
uous) from categorical (or discrete) attributes. The different types of attribute are
identified byid and also have aame.
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tables

I
¥
I
is related to table |
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I
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linguistic_wvariable attribute_type
is related to attribute of type
1
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has |
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- O — — — —]
v
contains |
function parameter
contains

Figure 4.1 The redesignefCQL meta-tables and their relations

The term table collects information about all the terms of linguistic vari-
ables: the term’s namen@éme) and a reference to its linguistic variable
(linguistic _variable _id ). The fieldid is the primary key.

According to the attribute’s type, categorical or numerical, each term must
have an entry either in theategory or in thefunction table respectively.

The first table stores the name of the categories, their corresponding membership
value and a reference to the related term for which the category is defined. Every
category has its identified . The second tablefunction , incorporates all

the composing functions forming the membership function which characterizes
the referenced term. A composing function is identified byitheattribute and

can have a descriptive name which is more informative than really relevant in the
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tahles attribute_type
id id
name narme
linguistic_wvariahle term
id id
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aitribute_tpe o
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interval_min
min_included
interal_rmax
max_included

Figure 4.2 Structure of théCQL meta-tables

fCQL architecture. Thigunction _name attribute can be used, for instance, to
store "gaussian function” for a S-shaped function with a form close to a gaussian.
Using words to talk about functions is easier and more convenient than numbers.
More important is the type of the functiofufiction _type ) which indicates

the generic function of the composing function. To avoid writing mistakes, the
type is not a word but a number. The integer "1” is for the linear function type
and "2" for the S-shaped function type. Since a composing function is defined
on an interval, the bounds of this interval are givenibterval _min and
interval _max. The boolean valuemin _included and max.included

indicate if the minimum of the interval, respectively the maximum, are included
in the interval. The term related to the composing function is referenced by
term _.id . Each composing function with the sanerm _id value defines
another part of the same membership function.

The last table,parameter , records the names of all the parameters of the
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functions contained in the tabfanction  as well as the corresponding values.

It is possible to insert a new function without corresponding parameter or with
source code defined parameters. Indeed, for that purpose, no integrity constraint
checks that each function has at least one parameter patleneter table. For
further details about the structure of the meta-tablesSt@ecommands creating
those tables can be found in appendix B.

Some integrity constraints have been inserted into the relational database
schema for the meta-tables. First, parameters without corresponding composing
function should not be kept in the database, (A integrity constraint deletes
every associategarameters records when a function is deleted. Then at a
higher level, when deleting a term, another integrity constraint removes all related
functions or categories according to the attribute’s type. Final§Q#& constraint
checks that the lower bound of the definition domain of a function is smaller than
the higher bound.
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CHAPTER 5

mEdit architecture

5.1. Overview

The mEdit editor is based on the client-server architecture. Figure 5.1 gives an
overview of its structure.

R
médft client {Java Applet)
@ In Web browser .
mEdit serviet o

Apach*omcat

3.
e 2 Conpg.
I | [port:8080] I Nection Senvje; -
=== pl |
- —] \

e ——— \
1. download appletin HTML page |

PostgreSQL
[port:5432]

Web Server
[port80]

Figure 5.1: mEditarchitecture

On the user side, the client takes the form of a Java applet embedded in a HTML
page which has to be downloaded from a Web server (step 1. in figure 5.1). On
the same host as the Web servemB&ditservlet is running on an Apache Tomcat
server from the Apache Software Foundation [6] which listens to the port 8080 for
mEditclient connection requests.

After the client has been downloaded, the applet creates a remote connec-
tion (step 2. in figure 5.1) to the servlet which should be located on the same host
as the Web server for security matters. Indeed, if the servlet is not running on the
host that provides the user’'s browser the HTML page and the applet, this latter
is not allowed to open a connection to the servlet. To permit this operation, the
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Java Security Manager should be configured in a way that it reads the permission
granted to the applet to connect to a third host. On Java platforms that are
compatible with JDK 1.2, the permission must be granted by an entry in a policy
file. More information about security aspects can be found in [4].

Then, every operation on the relational database that the applet requests
passes through the servlet which forwards the request to the PostgreSQL server
(step 3. in figure 5.1). No direct communication between the applet and the

database server is allowed. The unigue access point to the database is the servlet.

5.2. Applet-Servlet communication

To guarantee that the connection between the applet and the servlet can be estab-
lished,mEditdoes not use sockets. Often firewalls do not allow socket connections
whereas HTTP connections are permitted. To highlight a recent technology, the
servlet could have been implemented using Remote Method Invocation (RMI),
but most of the Web browsers do not support this technology or need an extension
to work properly. So in view of the fact that the traffic between the servlet and
the applet is neither heavy nor frequent, a simple and widely supported HTTP
communication channel is an appropriate choice.

The communication follows an ad hoc protocol which allows the client to
ask the servlet for one of five actions by sending one or several parameters through
a GET HTTP request. The standard URL of such a request is the following:

http://host/mEdit/start?action= actionNamé&lingVar= linguisticVariable&&term= term

The URL to access the servlet is defined in theb.xml file (see subsection
7.2.2). By replacing thactionNameby one of the following strings, the applet can
ask the servlet for an action:

e connection _test : the connection applet-servlet is tested. If the test
request sent by the client arrives successfully, the servlet will also test its
connection to the relational database. If a problem occurs or if the message
does not reach the servlet, the test fails and the applet is informed by receiv-
ing a boolean status. This status is "true” if the test succeeds and "false”
otherwise.

e get _all _terms : reacting to this message, the servlet sends a serialized
Hashtable containing all the linguistic variables stored in the meta-tables
and their corresponding vector of terms. The first element of this vector
is actually the type of the related attribute. If no term is found, an empty
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5.3 Servlet-Database communication

Hashtable is sent back to the client. NeithénguisticVariablenor term
is required in the request because this action does not need this information.

e get _mFunction : by sending this message together with a specific lin-
guistic variable and term, the client wants to get the corresponding mem-
bership function. The answer formulated by the servlet is actually a serial-
ized MFunction object. More information about this class follows in the
next chapter depicting themEdit Java library. If no membership function
is defined for the specified linguistic variable and term in the meta-tables,
the servlet returns an empyFunction object, that is containing only the
definition domain but no composing function.

e delete _term : after reception of this message with specific linguistic vari-
able and term, the servlet deletes all the information related to this term,
including its entry in thderm table. If the term is related to a categorical
attribute, all its categories in the meta-tables are erased. Otherwise, if the
term is related to a numerical attribute, all its functions and their correspond-
ing parameters are deleted. This is the effect of the integrity constraints of
the meta-tables. The client finally receives the status of the operation as a
boolean "true” if the action was successful or "false” otherwise.

e get _categories : the servlet returns Blashtable containing all the
categories names and their corresponding membership value for the specified
linguistic variable and term. If no category is found in the meta-tables, an
emptyHashtable is sent back to the client.

A sixth action may be requested by the client in a POST request: when the client
needs to store a defined membership function or a set of categories, it can send it
as a serialized Java object to the servlet which stores it in the meta-tables. If a set
of categories has to be stored, a serialivedtor is sent: the first element is the
term, the second the linguistic variable and the thitdashtable of categories

and their membership value. If the object is a membership function, a serialized
MFunction is sent. As the next chapter will show, this object contains also the
linguistic variable and the term that the membership function describes. Once the
definition is stored, the servlet sends the client a boolean value to indicate that the
operation succeeded or failed.

5.3. Servlet-Database communication

When the servlet starts, it tests the connection with the relational database
whose name, location, port and access information are specified in the
database.properties file located in the /webapps/mEdit direc-

tory inside the Tomcat server. For each operation requested by the client on the
database, the servlet opens a connection to the database with the password and
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username specified in thiatabase.properties file. Every operation on the
database is done by a part of the servlet calledvikelitdatabase controller. This
Java class operates the six above actions that the client can request.

The mEdit servlet utilizes a JDBC driver of type 4 using the JDBC API version
3.0 and provided by the PostgreSQL Development Group for PostgresSQL 7.3.
No typical DriverManager is used, but a J2SE 1.4 conformBdtaSource

the clasorg.postgresgl.jdbc3.Jdbc3SimpleDataSource

5.4. mEdit activity diagram

For a better comprehension of the different stepm&iitwhen using the client,
figure 5.2 graphically describes the different activities of the editor. To show the
interactions between the server and the client, the diagram is split in two parts:
the activities on the client side and those on the server side. Most of the activities
occur on the client side, but the server also has some key activities. Therefore let
us describe step by step the path the user follows through the activity diagram.

e Start Client When launching the client, the connection to the server is first
initialized and the server starts tRetrieve Terms and Linguistic Variables
activity on the client’s demand.

e Retrieve Linguistic Variables and Termthe server retrieves the names of
the terms and linguistic variables from the meta-tables and sends this infor-
mation back to the client. This activity corresponds todgbe _all _terms
servlet action introduced in the previous section.

e Choose Linguistic Variable and Ternthe client displays the names of the
terms and linguistic variables received from the server in the graphical user
interface. The user has to choose a linguistic variable and a term to work on.
Before going to the next activity, the user has to decide which operation he
wants to perform on the term:

1. edit/ create the term
2. delete the term

If he chooses to edit or create a term, the server will starRiteieve Defi-
nition activity. Otherwise the server proceeds with Beete Ternactivity.

e Delete Termif the user wants to delete an existing term, the request is sent
to the server which performs tldelete _term servlet action. After having
deleted a term, the server launches@uafirmationactivity on the client.
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Client
Start Client
Retrieve Linguistic
| Choose Linguistic Variable Variables and Terms
and Term
get_all_terms action
choose delete term
operation
edit / create term
term related Retrieve Definition
Define i to continous attribute Delete Term
Function get_mFunction or "
get_cat ies action delete_term action
r
term related
»  Define Categories le—] Mioldiscistelatnbusl|
Store Definition
go back store action
g0 back / quit >e229e el gy ¢
success / deletion failure
quit mEdit
continue . >
continue / quit
quit mEdit
Leave Client

Figure 5.2 mEditactivity diagram
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5.4mEditactivity diagram

e Retrieve Definition if the user chooses to edit an existing term or to
create a new one, the client asks the server fge_mFunction or
get _categories  servlet action depending on the type of the associated
attribute.

e Define Membership functiomhis activity uses most of theEditresources.
When the client receives the existing membership function or the structure to
store a new one from the server, the user can define the membership function
with the help of the graphical interface of theeditclient.

e Define Categoriesthis step is planned to edit the categories and the mem-
bership values the client receives from the server or to define a new term
related to a categorical attribute. As for the definition of a membership func-
tion, the graphical user interface allows the user to edit the categories and
their membership value in a simple way.

e Store Definition once the server gets the definition to store in the meta-tables
from the client, thestore servlet action is launched on the server.

e Get Confirmationafter having stored or deleted a definition, the server sends
a confirmation to the client. The message is displayed in the client interface.
Depending on the success of the storage/deletion operation, the user has two
possibilities:

1. if the storage/deletion operation succeeded or if the deletion operation
failed, the user can either quit the client or continue the edition of other
terms. By choosing to continue, he starts againSk#ingsactivity.
Otherwise, the user goes to theave Clienfactivity.

2. ifthe storage operation failed, the user can eithermitlitor go back
to the previous activity of the client. More details will be given in
chapter 7.

e Leave Client finally, this last step ends the flow of activities and closes the
connection between the client and the server. No coming back is possible
without reloading the client.

Communication problems may occur between the client and the server. However,
themEditis implemented to manage such situations which might cause the client to
crash. If the server does not respond or if the connection fails, the flow of activities
is redirected and the user is informed by a message in the client interface. If trou-
ble occurs before the definition of a membership function or categories, the client
goes directly to th&éeave Clientctivity. Otherwise, communication problems are
considered as a storage/deletion failure.
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CHAPTER 6

mEdit Java library

The complete Java library ahEditis provided in a Java archive package named
mEdit.jar . This compressed file, as figure 6.1 shows, is composed by three
different packagesmEdit , com.incors  andedu.rit

1 1 [

2 edu 2 mEdit 2 com

Figure 6.1 ThemEdit.jar  file composed by three packages

6.1. ThemEdit package

This package includes almost all the Java classesBdit Its structure was
thought for future extensions. Therefore the classes are distributed among several
subpackages which reflect the architecture of the editor. Figure 6.2 provides a
caption to understand the following UML class diagrams.

@ interface & constructor

8 package 8 static protected mathed or field

@ class o8 slalic public method or field

@ abstract class @  public method or figld

Figure 6.2 UMLcaption for the class diagrams

6.1.1. mEdit

This main package contains the most important classes and subpackages which
gathers thenEditmain logical entities like the client, the servlet, the membership
functions and so on. Figure 6.3 shows its class diagram.
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6.1 ThemEditpackage

@ MFunction

(] Configuration

MFunction
getLinguisticvariabled
getTermy
setDefinitionDomaing
getDefinitionDomaing
toString
getFunctions(
getFunctiond
addFunctiong
membershipvalued)

Q00000000

T
|

@ MServiet

@ initd
doGetd
@ doPostd

Q

oF SERWLET_URL: String

of DEBUG: boolean

<% BIGDECIMAL_DIVISION_PRECISION: int
<8 BIGDECIMAL_DIMISION_ROUNDING_MODE: int
<5 ARIAL_MORMAL_12Z: Font

o8 ARISL_MORMAL_10: Font

< ARIAL_BOLD_12: Fant

<8 ARIAL_BOLD_10: Font

<8 5_SHAPE_SLOPE_SLIDER_START: int
<8 5_SHAPE_SLOPE_SLIDER_END: int

o PRECISIOMN_¥AXIS: DecimalFormat

o PRECISIOMN_YAXIS: DecimalFormat

of APPLET_BACKGROUMND_COLOR: Color
o LIGHT_GREEM: Color

o GREEN: Color

<8 CURVE_THICKNESS: int

oF ROW_HEIGHT: int

of mindembershipialue: douhle

of maxhlembershipvalue: double

1

1

{3 mEdit.client

1

{2 mEdit.functions

1

{3 mEdit.database

1

2 mEdit.util

In the Configuration

changes on:

2 mEdit.exceptions

Figure 6.3 ThemEdit package

class, there are some general parameters that can be set
by the developer and which influence the whole editor. Those parameters imply

¢ the client applet’s layout: fonts, colors, graduations of axis, graduations of

sliders and so on.

¢ the debugging: the debugging output can be enabled or disabled.

e the URL of the servlet so that the client can connect to it.
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6.1 ThemEditpackage

e the division ofBigDecimal : since mEdit computes with real numbers
and uses th&igDecimal class of thgava.math  package, the preci-
sion when dividing is very important to ensure accuracy. Different modes of
rounding can be set.

Another very important class, MFunction , represents the structure
of a membership function. It contains methods to access its compos-
ing functions ¢etFunction , getFunctions ) and definition domain
(getDefinitionDomain , setDefinitionDomain ), to get the name of
the related term and linguistic variable and to compute the membership value.

The mEdit server side is represented by tihdServiet class which im-
plements all the methods required in a servlet. All the client's classes are
placed in themEdit.client package. The database controller is in the
mEdit.database = package and all the classes related to the functions are in the
mEdit.functions package. Some useful tools are locatedniBdit.util

and the smallmEdit.exceptions package aims to contain all theEdit
specific exceptions.

6.1.2. mEdit.client

This subpackage provides all the graphical components for the client/applet as fig-
ure 6.4 shows.

The StandardPanel  offers a template for other panels. All the subclasses
of StandardPanel represent a separated activity of the=dit client. The
SettingsPanel is the window which allows the user to choose the term to work
on and the operation (deletion, creation or edition). TlagegoryPanel is for

the definition of categories and ti@onfirmationPanel displays the confir-
mation message after a storage or deletion operation. TheRitla¢Panel
represents thé.eave Clientactivity and theErrorPanel  informs the user

if a communication problem happens before a definition activity. A particular
panel,DefinitionPanel , has an extended environment to allow the graphical
definition of membership functions.

The SortButtonRenderer ,  MyTableModel and TableSorter
classes are components of th€ategoriesPanel window. The
StandardMiniPanel and the StandardButton are reusable compo-

nents used in different panels.
Extending theJApplet class, the main class of the client MClient

Besides the required applet’s methods, the remaining method controls the different
activities of the client. For instance, tlheceAgain() method restarts the
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6.1 ThemEditpackage

@ standardPanel

StandardPanel(
addComponent(
addComponentSouthiy)
addButton()

eee e

}

© ErrorPanel

@ FinalPanel

© ConfirmationPanel

@ SettingsPanel

@ categoriesPanel

& ErorPanel)

& FinalPanel

& ConfirmationPanal(

& SeftingsPanal(

& CategoriesPanel()

) il nedf o i el @ actionPerormed() @ tableChanged()
@ actionPerformed()

@ myTahleMadel @ HttpMessage @ mclient @ DefinitionPanel @ SortButtonRenderer
& MyTableModel) & Httphiessage o init) o DefinitionPanel() o SorButtonRenderert)

@ sorByColumng ® sendGetMessage( @ stard @ mouseEntered() @ getTahleCellRendererComponent()
@ sefTable © sendPosiMessagel) @ stopd @ mouseExited() © setPressedCalumnd

@ sefvalueAl) @ sendPosiMessage) @ deleteTerm @ mousePressed( @ setSelectedColumng

@ setvalueReallyAlQ @ setHeader() @ definitionPhasef @ mouseReleased( @ getState]

@ getvalueReallyAlQ @ setCookied @ storeCategories( @ mouseMaoved()

@ getvalueAt) @ setAuthorization() @ storeMFunctiond @ mouseDragged)

@ addRow( @ onceAgaing @ actionPerformed(

@ removeRow @ quith @ rouseClicked()

@ getindexes() @ getippletinfod

® ComboBoxRenderer @ StandardMiniPanel © Base64Encoder @ TableSorter
& ComboBoxRenderer() & StandardMiniPanel() & Baseh4Encoder)) & TableSarter)
@ getlistCellRendererCormponent @ addContent() @ write() @ sord
@ aclionPerformedi o write()
@ close()

@ StandardButton @ ToolTipTextConfig

< DEFINE_SET_DOMAIN_EUTTON: String
& NEW_PART_BUTTON: String

<8 DELETE_PART_BUTTON: String

<8 DELETE_ALL_BUTTON; Siring

&£ STORE_BUTTON: String

2 AUTOBIND_CHECKBOX: Siring

8 LINE_START_SLIDER: String

8 LINE_END_SLIDER: String

£ SEHAPE_START_SLIDER: String

< S5HAPE_END_SLIDER: String

< S5HAPE_SLOPE_SLIDER: String

5 S5HAPE_INFLEXION_POINT_SLIDER: String
5 PLOT_PAMEL: String

o standardButiong

Figure 6.4 ThemEdit.client Java package

Choose Linguistic Variable and Termctivity after reception of a successful
confirmation and thquit()  method launches thHeeave Clienfctivity.

The HTTP communication with the servlet is managed by HitippMessage
class which employs thBase64Encoder class to properly encode the message
in the request. Finally, th€oolTipTextConfig class configures the important
tool tip texts of the client’s interface.
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6.1 ThemEditpackage

6.1.3. mEdit.database

This subpackage contains only the database controller whose methods execute
the six actions of the servlet presented in section 5.2. Actually two methods are
available to store a term depending on its attribute’s tygtereCategories

for categorical attributes arstoreMFunction  for continuous attributes. The
isConnectionToDatabaseOK method does not only test if the servlet com-
municates properly with the database but also checks if the applet is connected
to the servlet. Th@®BController  class is instantiated only in tHhdServiet

class when the servlet starts.

@ DBController

DEContrallerd
isConnectionToDatahasedk)
getilTerms)

deleteTerm(

getMFunctiong
getCategories))
storeCategories()
stareMFunction

Lo IS I T = I =

Figure 6.5 ThemEdit.database = Java package

6.1.4. mEdit.exceptions

A shortIntervalException class is present in this subpackage illustrated by
figure 6.6. This exception is thrown in the definition panel if the user enters a
incorrect maximal bound for the definition domain of a composing function. The
maximal bound of a composing function must be greater than its minimum, smaller
or equal to the minimum of the next composing function and smaller or equal to
the definition domain’s maximum of the membership function.

(] IntervalException

o IntervalException{)

Figure 6.6 ThemEdit.exceptions Java package

6.1.5. mEdit.functions

As figure 6.7 shows, this subpackage gathers the classes related to the membership
functions and the generic functions.
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6.1 ThemEditpackage

zinterfaces
@ Function

20 000 QOO QOO

parameterfamesg

setParameter)

getParameterd)

getFunctionMame
setFunctionMame
setFunctionTyped

getFunctionTyped
cantainsStatMyalueAndEndiyalued

getvalued

1
(& GenericFunction

» interval: Interval

& GenericFunctiond)
@ getinterval(
@ valueg)

]

@ Interval

LoD = I T T T ST ST S

Interval)
cantainsg
cantainsg
toStringd
gethaxincluded(
gethinincludedd
sethaxincluded(
sethinincludedd
gething

sething

gethiaxd
sethlaxd

@ SsFunction

@ LinearFunction

& SFunction()

o SFunction()

getParameterd
parameterfames(
setParameterd
getFunctionMame
setFunctionMame
setFunctionTyped
getFunctionType()
getvaluad

i)

]

¥_higdecimal(
length

20000 OOQQOROOOOOPO

cantainsStatyalueAndEndiyalued

setParameter)
getParameter))

getvaluad
i)

]
length)

LinearFunction(
LinearFunction()

OC

OC

]

]

@ parameterMames(
@ getFunctionfamed
@ setFunctionfamed
@ setFunctionTyped
@ getFunctionTyped
@ containsStarthvalueAndEndhivalued
]
]
]
]

Figure 6.7: ThemEdit.functions

The GenericFunction

Java package

abstract class consists in a frame for all generic and

therefore all composing functions of a membership function. It implements the
Function interface which incorporates the accessors for the name, type and
parameters of the composing functions. To preserve consistency, the names of
the parameters utilized by this interface must be the same as the ones of the
parameter meta-table. The editor uses indeed this interface to retrieve the name
of the parameters and then to write them in the meta-table.

Extending the GenericFunction class, the LinearFunction and

SFunction classes code the equation of the two generic functions defining the
shapes that thenEdituser can draw (see section 3.3). Not displayed in figure 6.7,
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6.2 Theedu.ritpackage

the GenericFunction class also implements th€YSeries interface of the
edu.rit.numeric package. More details about this helpful package follow in
the next section.

Finally, the Interval class provides the appropriate structure to define
and edit a definition domain for a composing function or a membership function.

6.1.6. mEdit.util

This last subpackage offers some tools represented in figure 6.8. For instance,
a particular Layout ManageN/érticalFlowLayout ) or a scale converter
(ScaleConverter ), which converts a real number between 0 and 1 into a
integer between 0 and 100 (x100) and the opposite are used mEdé client.

Last but not least, thBebug class is the output channel for debugging messages.

® ScaleCornverter

@ VerticalFlowLayout
@ VerticalFlowLayoutd & convertd_100Ta0_1()
@ verticalFlowLayout) & convertd_1Ta0_1000
o YericalFlowLayoutd
@ addlLayoutComponent()
@ lavoutContainer()
@ minimumLayoutSized GDEhug
@ preferredlayvoutSized
@ removelayvoutComponentd o printo

o printdy

Figure 6.8 ThemEdit.util Java package

6.2. Theedu.ritpackage

This package is a course library from the Computer Science Department at the
Rochester Institute of Technology and can be used under the terms of the GNU
General Public License [7]. More information about the developers and the library
is available onliné

! http://www.cs.rit.edu/ ark/cscl.shtml, last visited on January 28, 2004
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6.2 Theedu.ritpackage

Actually the mEdit editor only exploits a tiny part of the originadu.rit
package. The useédu.rit.numeric package contains helpful classes
and interfaces for scientific numerical computation and its subpackage
edu.rit.numeric.plot provides tools for plotting series of points.
Figures 6.9 and 6.10 give a short overview of its content.

The most relevant file is located @du.rit.numeric.plot . TheXYSeries
interface extendingeries represents a serie of points that can be painted on
a plot using the classes of theglu.rit.numeric.plot package. A draw-
able mEdit function is therefore made of a serie of points. That's why the
mEdit.functions.Function class implementXY Series .

To draw a serie of points on a plot, a class implementing XSeries

interface must be passed to>arPlotSeries object. This latter will be

added to aXYPlot object using itsaddPlotSeries method. Different
graduated axis can be chosen amadwgmericalAxis , LinearAxis and
LogarihtmicAxis . Ticks can be drawn on the axis, the exact thickness of

a curve can be set and labels can be pasted on the plot. Thus these classes and
interfaces offer a large range of graphical settings and generate really good-looking
graphs.

O xvSeries O Series @ Function

dnterfaces | ainterfaces

‘ cinterfaces

lterfaces lnterfaces
6 xvSeriesComplex © SeriesComplex

© NumericRuntimeException |
@ TransformedSeries I | o
@ pomainException
| @ TransformedXySeries I %I
(@ RangeException
© Seriesl0
@ sampledSeries
@ ListKvseries
£ rit.numeric.plot
© SeriesStatistics
@ xySeriesStatistics

Figure 6.9 Theedu.rit.numeric Java package
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«interfaces zinterfaces
@ Displayable @ Drawable
| @ pisplayableFrame I G Numericaldxis
| @ pisplayablePanel I @ LinearAxis
@ Displayablelo I

D xyPlat @ Label

D x¥PlotSeries @ Ticks
@ nxis

@ Grid

E I II '_
=)
&
=
5
-
=

g
o
=
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@

Figure 6.1Q Theedu.rit.numeric.plot Java package

6.3. Thecom.incorspackage

The Java files of thecom.incorspackage used immEdit are precisely in the
com.incors.plat.kunstoff directory. Those classes contribute to the Java
Look&Feel of mEdit and were written by INCORS GmiH This Look&Feel,
calledKunststoffis an extension of the Java Metal Look&Feel and this open source
project is protected by the GNU Lesser General Public Licence [8] Klimststoff
package is used by thdClient class, but the client overwrites some properties

of this Look&Feel and manages its own colors in thEdit.Configuration
file.

2 http://www.incors.com/, last visited on January 28, 2004
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CHAPTER 7

Using mEdit

7.1. Software requirements

7.1.1. Java Runtime Environment

The mEdit editor is an application developed in Java. Therefore to run it, the
user needs the Java Runtime Environment (JRE). First of all, to make certain
that the communication between the applet and the servlet works properly, the
Java Runtime Environment has to support the serialization of Java objects. To
guarantee this feature, the JRE must be at least a 1.1 version.

A more restrictive requirement comes from the PostgreSQL driver for PostgreSQL
7.3 used by the database controller and running on the servlet. The chosen version
of this driver, org.postgresql.jdbc3.Jdbc3SimpleDataSource , is
conformed to the JDBC 3.0 specification. According to the official PostgreSQL
documentation for developers, the JDBC 3.0 driver is intended for JDK 1.4 envi-
ronments and will not run under JDK 1.1, 1.2 or 1.3 [13]. Therefore the minimal
required version of the JRE is the version 1.4. By changing the PostgreSQL
database drivér the servlet might run with an older JRE. Actually, theEdit

editor was developed with J2SE 1.4.2 beta 2.

7.1.2. Servlets container

To run themEditserver, a servlet container is required. The application was tested
with one of the latest Apache Jakarta/Tomcat server release, the 5.0.12 version,
which supports the 2.4 servlet specification. Becauserthdit serviet does ac-
tually not use this new specification, it runs also correctly on an older version of
Apache Tomcat. Other open source servlets containers or web servers supporting
servlets could be used:

¢ Resin by Caucho

! More JDBC drivers for PostgreSQL under http://jdbc.postgresqgl.org, last visited on January 28,
2004
2 see http://www.caucho.com, last visited on January 28, 2004
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e Jigsaw Server by the World Wide Web Consortium

Besides the open source solutions, other profitable web servers are available. In
addition, most of the applications servers also run servlets environments.

The Apache Tomcat server might also be utilized as a web server. It would
give a remote access to the HTML page containing the applet. In this case, ho web
server is necessary.

7.1.3. Web server

If the applet runs on the same host as the servlets container, there is no need of web
server. Otherwise, two solutions could be considered:

e either the servlets server operates also as a web server and no web server is
required,

e Or a web server is running on the same host as the servlets container.

Therefore a conventional web server is not really necessary, but often offers more
features, like security features, than a servlets server acting also as a web server.

7.2. Installation

The mEditinstallation CD-ROM is available in appendix C. As figure 7.1 shows,
the mEdit editor’s installation package includes three directorigpplet Servlet
andPostgreSQL

- ) Poskgresdl

=7 Serviet

=-{C3) mEdit
1) WEB-INF

Figure 7.1 ThemEditinstallation package

3 see http://lwww.w3c.org/Jigsaw, last visited on January 28, 2004
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7.2.1. Installing the meta-tables

The mEdit installation files in thePostgreSQLdirectory provide some useful
database scripts. The first two scripggartdb.sqgland stopdb.sql can be used to

start and stop the PostgreSQL server. They have to be first configured to define the
right database’s path on the hard disk and the server access properties (hostname
and port).

The most relevant are thimstall.sql and desinstall.sqlscripts which must be
called inside the console using the following command line:

psgl database _name > script _name

where psql is a command representing the terminal-based front-end to Post-
greSQL. The installation scripinstall.sql creates the meta-tables introduced

in section 4.2 and fills them with some example values. The second script
removes those tables from the specified database. Before starting the servlet, the
PostgreSQL server must be running and the meta-tables must be installed.

7.2.2. Installing the servlet

The servlet files are located in tBervletdirectory (see figure 7.1). A subdirectory
calledmEditcontains all the configuration files and the Java classes. If the servlet
runs on an Apache Tomcat Server, the whalgditdirectory must be put into the
webappglirectory of Tomcat.

The mEdit directory includes theVEB-INF directory and a configuration file
nameddatabase.properties This latter file indicates where the servlet can find

the database (host, port and database’s name) and what are the username and pass-
word to access it. This file is parsed when the servlet starts. Figure 7.2 shows an
example of this file and the syntax it should respect.

In the WEB-INF directory, the standard configuration fileeb.xmlstores the
library deployment descriptor. No change has to be made in it, especially
concerning the servlet main class and the URL mapping to communicate with the
servlet. The required libraries are located insidelitnelirectory. The first jar file

is the mEdit.jar library presented in the previous chapter. The second one,
pg73jdbc3.jar , contains the JDBC 3.0 version of the PostgreSQL 7.3 driver.

7.2.3. Installing the applet

The two files needed to start the client are located inAppletdirectory. The
first file is a HTML page namedhpplet.htmwhich includes the call to the
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7.3 Tutorial

=

Fichier Edition Affichage Insertion Faormak ¢

serverMName=localhost
port=5432
databaseNsme=£C0L
defaultlUser=chris
defaultPassword=chris

Figure 7.2 Thedatabase.propertiesonfiguration file

mEdit.client.MClient applet. All the applet's classes are stored in the
second file, the essentialEdit.jar library. Before starting the client, the
servlet should be listening.

The applet is 800 pixels wide and 600 pixels high. For the sake of comfort,
it would be agreeable that the screen resolution ensures a display of the applet
without scrolling.

7.3. Tutorial

7.3.1. Choosing a linguistic variable and a term to work on

After having started the PostgreSQL server and the servlet, the client can be
launched to use theEditeditor. The first window which appears (see figure 7.3)
represents th€Ehoose Linguistic Variable and Teractivity and the decision on the
type of the operation to perform. The user is invited to choose a linguistic variable
in the scrolling list (1). All the existing linguistic variables in the meta-tables are
displayed.

After having chosen a linguistic variable, the user has to decide which related term
he wants to work on by clicking in the second scrolling list (see figure 7.4). If
the user changes the linguistic variable, this second list is updated and displays the
terms related to the newly chosen variable. The user has the choice between the
two following actions:

e define a new term by writing its name in the text field (2). If the new term
already exists in the meta-tables, a warning message appears in this text field
when the user clicks on the "next” button.

e edit an existing term in the scrolling list (3). An editing option is to delete the
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£ AppletViewer : mEdit.client.MClient.class =] 3]
Applet

First, choose a linguistic#ariable to work on

Then, choose a term to work an

() define a new verbal term
® edit an existing term: ’yuungiv

[Cigeleteit

> quitmedt | [ »wen |

médited

Applet dérmarré

Figure 7.3 The settings window - first window appearing when starting the applet

First, choose a linguistic variable to work an First, choose a linguistic variable towark on
customervalue v customervaiue v
Then, choose a term to work o Then, choose a term to work o
3 define anew verbal term; ) define a new verbal term:
® edit an existing term: had > [ delete it ® editan existing term. bad hd [ delete it

lexcellent
lgoodt

$ Quit mEdit P Next $ Quit mEdit $ Next

méditell méditell

Figure 7.4 The two scrolling lists for the linguistic variables and their related terms
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term by clicking in the "delete it” case (4). The user must be aware that the
term will be definitely erased from the meta-tables if he chooses this option
and clicks on the "next” button. No confirmation is asked.

If the user clicks on the "quit” button, the client ends with theave Clientctivity
represented by a final window displaying the author’s name and his email address.
On the other hand, clicking on the "next” button leads to the next activity and
window.

7.3.2. Defining categories

If the attribute related to the chosen linguistic variable is categorical, a window
like shown in figure 7.5 appears after having clicked "next” in the settings window.

Here the existing categories for the term Young':

category membership valug = |
15-25 1.0

26-35 0.5

36-45 0.z

55-65 n.a

45-55 0.0

66-75 0.0

=75 n.a

I+ press ENTER after each cellz modification

| = Add categary | | # Remove category | | Store |

m&dit o

Figure 7.5 Defining the categories and their membership value

All the available categories for the chosen term are listed in the left column of the
table. Their corresponding membership values are displayed in the right column
and are sorted in descending order. A click on a cell enables the edition of a
category or a membership value. Do not forget to press the enter key after having
edited a cell, otherwise the change will not be stored. By pressing on the arrow
beside the header label of the right column, the membership values are sorted in
ascending order. To remove a category, the user has to click on a cell, then press
the "remove category” button and the whole row will disappear. To add a new
category, he has to click on the corresponding button and fulfil the new row with a
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7.3 Tutorial

category name and its membership value.

Control mechanisms prevent some classical and recurrent mistakes. For in-
stance, if the user enters a membership value that is not between 0 and 1 or a
non-numerical value, the editor replaces this value by a 0.0 value. Also if no
value is entered, a 0.0 value is automatically set. For categories, if the user enters
a duplicated category name, the editor displays in the cell a "#DUPLICATED
VALUE#" error message.

The defined categories and membership values are finally stored in the rela-
tional database by clicking on the "store” button. Categories with empty name,
"#DUPLICATED VALUE#" name or no membership value are not stored.

7.3.3. Defining a membership function

If the attribute related to the chosen linguistic variable is numerical, a window as
shown in figure 7.6 appears after having clicked "next” in the settings window.

The instructions on the left side of the window are clear: first the user has to click
on a function composing the membership function displayed at the bottom of the
window. When the user moves the mouse cursor on the plot, the cursor changes
into a hand. If he clicks on a function, the selected function changes into a dark
green dotted line. It means this function is selected. Then he might change the
interval of the selected function and finally its type. Two general situations can
append:

e the user chooses to create a new membership function. In this case, the
plot is empty and no function is displayed. The user has to click on the
"new part” button and a linear function will appear on the whole definition
domain. Then only he can change the interval and the type of this function.

e the user chooses to edit an existing membership function. Then the user can
click on a part of the membership function and change its interval and type.

The different interactive components of the definition window are the following:

e interval text field "from” : this field cannot be edited, but shows the defini-
tion domain’s start for the selected function.

e interval text field "to” : when a function is selected, this field shows the end
of its definition domain. Unlike the "from” field, the value can be edited.
If a new value is inserted, the user has to type the enter key to update the
plot. The start x-position of the next function is automatically fitted to avoid
horizontal gaps. A control mechanism ensures that the user does not enter a
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Figure 7.6: Defining a membership function

value which is not in the definition domain of the membership function. If a
wrong value is typed, an error message is displayed in this text field and the
value is not taken into account.

e "included” checkbox related to "from” : this checkbox cannot be edited. If
a function is selected, it indicates if its definition domain’s start is included.

¢ "included” checkbox related to "to” : if this checkbox and a composing
function are selected, it means that its definition domain’s end is included.

e curve’s type scrolling list: if a composing function is selected, its type is
selected in the list and the user can change it, but the values of the "start”
and "end” sliders keep the same.

e sliders: using those sliders, the user sets the parameters of the selected func-
tion. The changes occur in real time on the plot and the value of the param-
eters is displayed on the right side of the sliders.

e "new part” button : this button creates a new composing function from the
end of the last defined function up to the end to the definition domain of the
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membership function. This way of doing avoids horizontal gaps inside the
membership function which must be defined on its entire definition domain.
If the membership function is already completely defined, clicking on this
button does not affect it. The standard type of a new part is linear.

e "delete part” button : this button deletes the selected composing function.
If no function is selected, nothing appends. Since the membership function
must be defined on the entire attribute’s domain, the interval lower bound of
the composing function following the deleted function is automatically set
to the interval lower bound of the deleted function.

e "delete all” button : this button clears completely the plot. No composing
function remains.

e "auto-bind” checkbox: when the checkbox is selected, the editor keeps
the continuity of the membership function. If the user deletes a composing
function or changes its y-value, the y-value of the neighboring function is
automatically adjusted so that no jump occurs.

e "store” button : if the membership function is defined on the entire defi-
nition domain, the editor stores its definition and goes to the confirmation
window. Otherwise a small error window is displayed as shown in figure
7.7.

& Applet¥iewer : mEdit.client.MClient.class =loix|

Interval : from

to: |5.0 [l included
Curve'stype: [S-shape =]

S-shape

start: 5
end [E==
slope : G,

inflexion point: ﬁ:' 05

médite]

Wembership function for bacl [custamervalug]

[OmEditwaming [

£ Flease define the function on the entire domain |
[¥] aute-bind

some

méit ol

Applet démarré

Figure 7.7: Error message when a membership function is not fully defined
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To improve the simplicity of use ahEdit some helpful tool tip texts are placed
inside the definition window. Figure 7.8 shows the some examples of those tips.

Membership function for bad [sustamer Value]

1.0
0.9
0.8
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0.0+ T T
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Wyhen a y-value is modified, the y-value of neighbouring functions is adamed|
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T L— L T
200 3.50 4.00 4.50 400

|
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e
Celete the selected part ofthe membership function DELETE ALl
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méditet]
[¥] auto-bind

Figure 7.8 The tool tip texts for a simple use ofEdit

7.3.4. Getting the confirmation

A confirmation window appears in three situations:
e after having pressed the "store” button in the categories window,
e after having pressed the "store” button in the definition window,

e after having chosen to delete a term in the settings window and having
pressed the "next” button.
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A confirmation can be positive or negative. A positive confirmation indicates
that the chosen action (either a store or a delete operation) has succeeded. The
confirmation is negative either if the communication with the servlet, respectively
the database, was interrupted or if the RDBMS crashes during the treatment
of the query. Figures 7.9 and 7.10 show all the possible windows for positive,
respectively negative confirmations.

Your definition of the following term was stored : The following term was deleted :

\\\\\\\\\

& Quit mEdit P Continue P QuitmEdit & Continue

m&diteld méditet

Figure 7.9 The two kinds of positive confirmations

+ Your definition of the following term could not be stored : ¥ The following term could nat be deleted:

am bad m bad
Linguistic variable :  customervalue Linguistic Variable - customervalue
Attibuts type numerical Atributs tyne numerical

¥ QuitmEdit » Goback P QuitmEdit 9 Continue
meéditel] médite]

Figure 7.10 The two kinds of negative confirmations

The advantage of the negative confirmation after having defined or edited a term is
that the user can press the "go back” button. This will display the previous window
(the definition or categories window) with the previously defined membership
function or categories. If meanwhile the problem has been resolved, the user can
try once again to store the definition. So thanks to the "go back” button of this
confirmation window, no information is definitely lost. For deletion operations,

if the term could not be deleted, no "go back” button is displayed because no
information is lost. The user has to try again.
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By clicking on the "continue” button, the settings window will be displayed
and the user can edit another term. By clicking on the "quit mEdit” button, the
editor will display its last window: the final window.

7.3.5. Quitting mEdit

When the user chooses to leaneEdit a last window is displayed: the final
window (see figure 7.11). It contains the full name of the author, the department
and the university where the editor was developed and an email address for contact.

BEm&itnnme =

Thanks for using mEdit and see you soon

[ Crested =nd written by Christizn Nangoz [ contact: christizn nancozi@bluewin.ch
DIUF - Uniwersity of Fribourg

m&dit ol

Figure 7.11 The final window

Once this window is shown, no button allows to go back to the settings window.
To restart the editor, the user has to either reload the HTML page or restart the
applet.

7.4. For developers

7.4.1. Source code documentation

The mEditeditor is provided with a complete Bravado documentation. All meth-
ods, constructors and fields are described whatever visibility they have. Moreover
the source code is accurately commented so that developers who might extend
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the editor can quickly make changes to the code. Therefore the Bravado, the well
commented source code and the logical structure afBditlibrary allow an easy
comprehension of the Java classes and their interaction.

7.4.2. Adding a new curve’s type irmEdit

A curve’s type is actually referring to a generic function. The notion of "curve’s
type” is used for the user in theEdit interface, but means "generic function”.

A big issue of this work was the way to define the membership functions. The
short but smart panel of generic functions (linear and S-shapettalit allows

the definition of a wide range of membership functions. It may be helpful to have
access to another type of curves. For instance, if the business user notices that
a gaussian curve is necessary, the developer hast to insert this new curve’s type.
Another example in the case of a very often used specific S-shaped curve: it would
be profitable to insert a new S-shaped function in the scrolling list so that the user
doesn’t need to set any parameters after having chosen this type but could use
directly this predefined S-shape.

The fact that the generic functions are stored in thEdit library does not
mean that it is not possible to add new generic functions. The structumg&dit

is thought to allow the definition of new generic functions in a simple way.
Without going into details, some modifications of the definition window (that is
the mEdit.client.DefinitionPanel class) are required when adding

a new curve’s type. Regarding the layout, the label of the new type should be
inserted in the scrolling list. When selecting this type, an appropriate panel should
allow the user to set the parameters of the new type. The graphical components
contained in this new panel can be different than sliders.

After having changed the layout, the developer needs to define the
class of the new generic function. This function must be coded as a
new sterilizable class extending thenEdit.functions.Function

class like the existing mEdit.functions.LinearFunction and
mEdit.functions.SFunction classes. As explained in subsection
6.1.5, the mEdit.functions.Function class ensures that every class

extending it has the required properties of a generic function and can be properly
used inside theanEdit editor. Then in theactinophytoses method of the
mEdit.client.DefinitionPanel class, some lines of code must be
inserted to instantiate this new class when the user selects the corresponding
curve’s type.
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7.4 For developers

7.4.3. UsingmEditto access a membership value (for th€CQL interpreter)

A goal of the editor is also to provide tHEQL interpreter a tool to access the
membership function. Since the editor is the only one which can store and retrieve
the membership functions, the interpreter has to pass throughHoi library to

get a membership value.

As the only way inmEdit to access the meta-tables is the database con-

troller, the mEdit.database.DBController class is the entry point. The
first step is to retrieve the membership function corresponding to a specific
term and a specific linguistic variable. Using tkdetruncation method

of the mEdit.database.DBController class and passing the term and

linguistic variable as parameters, the corresponding membership function will be
returned as &MFunction object. The second step is to apply this function to an
attribute’s value. This can be made with tmanneristically method of the
MFunction class which computes the membership value of an attribute’s value.

57



CHAPTER 8

Conclusion

As the previous chapters have shown, all the goals of this work have been
successfully reachedmEditis able to set the membership values and to define
membership functions related to respectively discrete and continuous attributes.
The membership functions can be graphically and piecewise specified and the
editor hides the corresponding mathematical equation whose parameters are
finally stored in the meta-tables. The editor is simple to use and does not require
a particular mathematical background. Specialists can easily use it but also all
other kind of users. Moreover, through the database controllerEafit thefCQL
interpreter can retrieve the membership values from the meta-tables. Finally, a
special attention has been given to the correctness of the code and for that purpose
themEditeditor has been conscientiously tested.

8.1. Strength ofmEdit

mEditis a light and easy-to-use membership editor. If the software requirements
for installingmEditare fulfilled, it can be quickly deployed on a network: putting
the servlet files in the appropriate directory, running the database script to create
the meta-tables, starting the database and the servlets server and then launching
the applet. Because of its Java-based architecture, it can easily be installed
in every environment. The client-side applet can be used as an independent
Java program or as a plug-in embedded in a HTML or a JavaServer page. The
servlet-applet communication operating through simple HTML requests reduces
the firewalls configuration concerns as no particular range of ports needs to be
opened for socket connections. On the other hand, if the meta-information needs
to be securednEditcould be quickly extended to support the HTML over $SL
protocol.

The main strength ofnEdit is its graphical environment for the definition of
membership functions. By setting simple and meaningful parameters, the user
graphically defines the curve and all the parameter's changes are displayed in
real-time on the plot. This very intuitive and powerful by its simplicity interface
requires no specific knowledge. The user outlines the membership function

! Secure Socket Layer
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without using mathematical expression. Moreover the two types of curves, linear
and S-shaped, used together can generate a nearly infinite number of functions.
Therefore, each human concept should find an appropriate membership function
among the wide choice of functions offered tnedit

Finally, the structure of the editor allows to store every kinds of member-
ship functions. On the one hand, the structure to create new membership functions
and new generic functions is provided by tin&dit.functions package and

the mEdit.MFunction class. On the other hand, every type of parameter can
be stored in thgparameter meta-table. With this architecture, it is possible to
extend in a simple way the editor with other generic functions. iklit Java
library has really been designed to be extensible and its structure is logic and clear.

8.2. Improvements

No outcome is perfect. For this reason, this last section proposes some functional
improvements besides the usual code or protocol optimization.

The goal of themEdit editor is to define and store membership values and
functions related to terms. Moreover, the editor is able to create and delete terms
and their definition from the relational database. A useful add-on would be to be
able to create and delete linguistic variables. In this maméiwlit would be a
complete tool and interface for modifying the main components of the meta-tables
without usingSQLstatements.

Another add-on could be implemented in the definition window. To im-
prove the ease of use, the user should see on the plot the membership function of
the other terms related to the same linguistic variable. This way, he could define
the membership function of a term seeing the other related terms.

An enhancement could be imagined to ensure the safety and persistence
of the generic functions. Since those models are serializable Java classes
(LinearFunction andSFunction ), a solution would be to store thetlass

or even.java files in the meta-tables. Therefore, the definition of the generic
functions could be at any time retrieved and reused to instantiate new Java object.
This preventsmEdit of losing any data and would be a way of gathering the
parameters and the generic functions in the meta-tables of the database.
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APPENDIX A

fCQL syntax

<ClassificationQuery  —

<ClassificationConditiony —

<AttributeSelectionList —

<AttributeSelection- —

<AttributeConditionList- —

<AttributeCondition> —

<EquivalenceClassList —

<Attribute> —
<EquivalenceClass —
<Relation> —
<ClassSelection- —

<ClassConditionList —

<ClassConditior» —
<Description> —
<Object> —

classify <Object> from <Relation> |
classify <Object> from <Relation>
with <ClassificationCondition
<ClassSelection | <AttributeSelectionList
(<AttributeSelection-) |
<AttributeSelectionList or
(<AttributeSelection)
<AttributeConditionList>
<AttributeCondition> |
<AttributeConditionList- and
<AttributeCondition>

<Attribute> is <EquivalenceClass |
(<Attribute> is <EquivalenceClass or
<EquivalenceClassList)

<EquivalenceClass |
<EquivalenceClassList or <EquivalenceClass

ColumnDefinition
ColumnDefinition
Relationldentifier | Viewldentifier
<ClassConditionList

<ClassConditior |
<ClassConditionList or <ClassConditio

class is<Description>
ColumnDefinition

ColumnDefinition
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APPENDIX B

SQL commands creating the meta-tables

CREATE TABLE tables (

id INTEGER,
name VARCHAR(40) NOT NULL,
PRIMARY KEY (id)

CREATE TABLE attributetype (

id SMALLINT NOT NULL,
name VARCHAR(40) NOT NULL,
PRIMARY KEY (id)

CREATE TABLE linguisticvariable (

id SERIAL,

name VARCHAR(40) NOT NULL,
attributename VARCHAR(40) NOT NULL,
attributetype.id SMALLINT NOT NULL,
tableid INTEGER NOT NULL,
domainstart NUMERIC NULL,
domainend NUMERIC NULL,

PRIMARY KEY (id),
FOREIGN KEY (attributetype.id) REFERENCES attributéype (id),
FOREIGN KEY (tableid) REFERENCES tables (id)

CREATE TABLE term (

id SERIAL,
name VARCHAR(40) NOT NULL,
linguistic_variableid INTEGER NOT NULL,

PRIMARY KEY (id),
FOREIGN KEY (linguisticvariableid) REFERENCES
linguistic_variable (id) ON DELETE CASCADE
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CREATE TABLE category (
id SERIAL,
term.id INTEGER NOT NULL,
name VARCHAR(40) NOT NULL,
value NUMERIC NOT NULL,

PRIMARY KEY (id),
FOREIGN KEY (termid) REFERENCES term (id)
ON DELETE CASCADE

CREATE TABLE function (

id SERIAL,

term.id INTEGER NOT NULL,
function.name VARCHAR(40) NOT NULL,
functiontype SMALLINT NOT NULL,

intervalLmin NUMERIC NOT NULL,

min_included BOOLEAN NOT NULL,
intervalmax NUMERIC NOT NULL,
max.included BOOLEAN NOT NULL,

PRIMARY KEY (id),

FOREIGN KEY (termid) REFERENCES term (id)
ON DELETE CASCADE,

CHECK (intervalmin < intervalmax)

CREATE TABLE parameter (

id SERIAL,

function.id INTEGER NOT NULL,
name VARCHAR(40) NOT NULL,
value NUMERIC NOT NULL,

PRIMARY KEY (id),
FOREIGN KEY (functionid) REFERENCES function (id)
ON DELETE CASCADE
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mEdit installation CD-ROM
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