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Preface

With this special issue we celebrate the 50" anniversary of computer science in
Mexico. The volume is structured into two parts and seven sections:

Computer Science

—  Software Technology and Human-Computer Interfaces
—  Workflow and Collaboration
—  Networking

Artificial Intelligence

— Logic and Multi-Agent Systems

- Narur?l Language Processing and Information Retrieval
—  Machine Leamning and Data Mining

—  Neural Networks, Image Processing, and Scheduling

This issue was prepared in collaboration with the Mexican Society for Computer
Science (SMCC), Autonomous University of Baja California (UABC) and Regional
Government of Baja California. Microsoft, Center for Computing Research (CIC) of
the National Polytechnic Institute (IPN), French-Mexican Laboratory of Informatics
and Automatic Control (LAFMIA-CNRS), National Council for Science and
Technology (CONACyT, Mexico), National Council for Scientific Research (CNRS,
France), Université Joseph Fourier (France), The Americas University (UDLA,
Puebla, Mexico), National University (Colombia), Social Networks Research Center
(SoNet RC) of the University of Central Europe (UCE) in Skalica (Slovakia), and
Grenoble Informatics Laboratory (France).

We want to cordially thank all people involved in the preparation of this special
issue. First of all our very special thanks go to the SMCC President Genoveva
Vargas-Solar for her constant help and encouragement. We thank the SMCC Vice-
President Maria Auxilio Osorio Lama, Marcela D. Rodriguez and Gabriel Lopez
Morteo of UABC, Antonio Garcia Macias of CICESE, Alfredo Sanchez of UDLAP,
and Oscar M. Rodriguez Elias of Universidad de Sonora.

We are grateful to Javier A. Espinosa-Oviedo, Hilda Massic-Fernandez. and
Sulema Torres for their help in the preparation of this volume. Finally, we appreciate
the help of René Cruz, Cecilia Curlango Rosas, Angel G. Andrade, Gloria E. Chavez,
Aglay Saldafa Pacheco, Marlenne Angulo Bernal, Jorge Ibarra Esquer, Carmen
Andrade Peralta, Ana Serrano, Pablo Navarro Alvarez, Laura Martinez Castillo, Omar
Aguilar Villavicencio, Brenda L. Flores Rios, Larisa Burtseva, Josefina Mariscal,
Maria Luisa Gonzalez, Linda E. Arredondo, and Juan de Dios Ocampo.

Alexander Gelbukh Mexico City — Grenoble,
Michel Adiba October 2008
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Case Study Evaluations for a Function Point Counting
Improvement for Object-Oriented Projects

José Antonio Pow-Sang'~. Arturo Nakasone'. Ricardo Imbert’,
and Ana Maria Moreno®

! Departamento de Ingenieria. Pontificia Universidad Catélica del Perd. Peru
{japowsang. arturo.nakasone} @pucp.edu.pe
? Facultad de Informatica. Universidad Politécnica de Madrid. Spain
{rimbert. ammoreno} @fi.upm.es

Abstract. Since the introduction of object-oriented (O0) development in
industrial practice. many Function Point (FP) technique adaptations have been
introduced 1o improve software size estimation in these kinds of projects.
Current research work only deal with OO modifications to the previous version
of the FP Counting Practices Manual (4.1). In this paper. we propose the use of
the composition relationship analysis in classes to improve the rules included in
FP Counting Practices Manual 4.2.1 for Internal Logic Files (ILF) and External
Interface Files (EIF) identification. We also show the results obtained by
applying our proposal in six case studies performed by practitioners and
comparing against the results we obtained with undergraduate students. These

results have proved to be at least equal in accuracy and consistency to the
original FPA technique.

Keywords: Function Points, Object Oriented, UML. Conceptual Model.

1 Introduction

Function Point (FP) [11] [12] is a software measurement technique created by Allan
Albrecht for IBM [3]. and has gradually become a sounder aliernative to other
popular size metrics methods, such as source lines of code (SLOC), making it one of
the most widely used techniques.
With the diffusion of the Unified Modeling Language [19]. promoted by the Object
Management Group, many object-oriented approaches to calculate function points
have been proposed. Unfortunately. thev do not consider some important
specifications included in UML. such as the composition relationship between
classes. For this reason, we propose in this paper an approach to calculate Logic Files
(ILF and EIF) from an analysis class diagram that makes use of composition
relationships. We have also tested our approach against the standard Function Points
Counting Practices Manual, version 4.2.1 [12] proposed by the International Function
Points User Group (IFPUG) obtaining interesting and promising results.

The rest of the paper is organized as follows: Section 2 describes the related work
in the FP measurement technique area. Section 3 details our proposed rules to identify

© A. Gelbukh, M. Adiba. (Eds.) Received 02/06/08
Advances in Computer Science and Ariificial Intelligence. Accepied 3 ]/07/06:
Research in Computing Science 39, 2008, pp. 5-18 Final version 15/09/08



6 Pow-Sang J.. Nakasone A., Imbert R.. and Moreno A.

logical files. Section 4 presents the background scenario for the empirical study:
Section 5 shows the obtained results for each case study: Section 6 discusses those
results. Finally. a summary and our plans for future research will conclude our paper.

2 Related Work

In order 1o cope with object-oriented software measurement, several methods to
calculate FP are being promoted and used. These methods reformulate the IFPUG
rules in terms of OO concepts to facilitate the function points counting process. The
final result of the count using these kinds of techniques is similar 10 what is obtained
by directly applying IFPUG Function Point Analysis (FPA). Fetcke [9] defined rules
for mapping the OO-Jacobson method [15] to concepts from the IFPUG Counting
Practices Manual 4.0 and the results obtained from three case studies have confirmed
that these rules can be applied in a consisient way. Uemura et Al. [20] proposed FPA
measurement rules for design specifications based on UML (Unified Modeling
Language). developing a FP measurement 1ool. Cantone et Al. [6] and Caldiera e1 Al
[5] defined rules 10 map OO concepts to FPA and performed pilot studies 1o
demonstrate the feasibility of their approaches. Finally, Abrahao et al. [1] [2] present
a FP-based method called OOmFP and its evaluation through an empirical study.

All of the proposals described above define rules of mapping OO 10 concepts from
older versions of IFPUG Counting Practices Manual (CPM). Although Abrahao
considers composition relationship, some mapping rules to calculate Logic Files (LF)
are not in accordance with the last IFPUG CPM (last version is 4.2.1).

Moreover. the majority of the proposals presented above calculate FP-Logical Files
(LF) from a class diagram, but they only consider the aggregation relationship and not
the composition relationship. UML [19] defines composite aggregation or
composition as a stronger form of aggregation, which requires that a part instance be
included in at most one composite at a time and that the composite object has sole
responsibility for the disposition of its parts. In summary. cOomposition presents a
stronger dependence relationship than aggregation. Our approach includes both
aggregation and composition relationship in order to identify files and its record
element types (RET).

3 Rules to ldentify Logical Files

The input for our proposed rules is the analysis class diagram included in the Jaaksi’s
method [14] or the domain model mentioned by Larman [17]. In this model
transformation. we are considering the following relationships among classes:
association, aggregation and composition. Generalization and association class are not
included. Neither do we take into account the difference between ILF and EIF. Qur
rules only deal with the identification of LF and its number of RETs.
e Rule 1. Classes that are connected by a composition relation can be mapped
together 10 one LF with 2 RETs. For example, in Fig. 1 you must consider one
LF and 2 RETs.
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A @ B

Fig. 1. Example of a composition relation

* Rule 2. If there are three classes A, B. and C and two of them (A and B) are
connected by a composition relation as shown in Fig. 2. they must be mapped

together 1o one LF for the composition relation with 2 RETs and another LF for
class C.

A *— B C

Fig. 2. Example of a composition and association relations

e Rule 3. If there are two classes, A and B. which are connected through an
association or aggregation relation, and neither of them is connected by a
composition one 1o a third class, one must follow the indications shown in Table
1. The table is an adaptation for OO from IFPUG CPM 4.2.1 [12).

Table 1. Rules 10 identify LF from classes without composition relationships

Multiplicity  Multiplicity ~ When this condition  Then Count as LFs with RETs
A B exists and DETs as follows:
0.* 0.* A and B are independent 2 LFs
0..1 0. A and B are independent 2 LFs
] 1.* If B is independent of A 2 LFs
If B is dependent on A 1 LFs.2 RETs
] 0.* If B is independent of A 2LFs
If B is dependent on A ] LFs, 2 RETs
0..1 1. If A is independent of B 2 LFs
If A is dependent on B ] LFs.2 RETs
0.1 0.* A and B are independent 2 LFs
! ] A and B are dependent ILF. IRET
0..1 0..] A and B are independent 2 LFs
1.* ].* If B is independent of A 2 LFs
If B is dependent on A 1 LFs.2 RETs
1.° 0.* If B is independent of A 2LFs
If B is dependent on A ] LFs. 2 RETs

4 Experimental Design

For our case study scenario, we have considered the experimental software
engineering suggestions made by Juristo & Moreno [16]. Our experiment is similar to
one presented by Abrahao et al. [1] [2]. and its goal is 1o empirically corroborate
which method provides the best functional size assessment to identify logical files.
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Using the Goal/Question/Metric (GQM) template for goal-oriented software
measurement [4] we defined this experiment using the following parameters:
e Analyze: LF measurement
e For the purpose of: Evaluating our approach against the one proposed by the
IFPUG CPM 4.2.]
With respect to: Their accuracy
From the point of view of: The researcher
In the context of: undergraduate and graduate students.
The formulated research question was: Does our approach produce accurate
measurements of LF at least equal to those found in the IFPUG FPA?

4.1 Variables Selection

Our independent variable was the method used by subjects to size a case study, and
our dependent variable was the accuracy: the agreement between the measurement
results and the true value,

To obtain a “true value” for comparison, we took similar case studies included in

the IFPUG CPM 4.2.1.

4.2 Students Who Participated in the Experiment

We selected a within-subject design experiment: in other words, the students had to
use both our method and the IFPUG CPM 4.2.1 method to determine LF for each case
study. The subjects were randomly assigned 10 cither one of two groups using the
counterbalancing procedure with equal number of participants in each group. The
methods were applied in a reverse order.

e  Group 1: Our approach first and then the IFPUG CPM 4.2.1 method.

e  Group 2: The IFPUG CPM 4.2.1 first and then our approach.

The undergraduate students who participated in the experiment were fourth vear
students of the Informatics Program at Pontificia Universidad Catélica del Peri
(PUCP) that were enrolled in the Spring *06 Software Engineering course. Table 1]
presents a summary of the undergraduate students’ knowledge and experience at the
beginning of the experiment. The majority of the courses in the Informatics program
at PUCP focus on software projects as applications of theoretical concepts. but they
do not demand the utilization of estimation and planning techniques during their
development.

The practitioners were students of the Postgraduate Diploma in Sofiware
Engincering at PUCP in 2006. Students had at least two years of experience in
software projects and. although they used OO development tools at work. most of
them were not used 1o applying OO analysis and design techniques. For this reason,
these students had to take an OO analysis and design course previous 1o the
claboration of the experiment.
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4.3 Materials and Case Studies

The materials used in the experiment are:

e  Description of Case studies.

e Form to fill in the number of LF and its RETs for each case study.

* A questionnaire 10 know student’s opinion about which technique was easier 10
apply.

e A summary of Coad’s patierns [8]. We explained these patterns to the

undergraduate and graduate students in previous courses, so they can elaborate
their diagrams correctly.

Table 2. Knowledge and experience that the undergraduate students possessed at the beginning
of the experiment.

Characteristic Knowledge and/or Experience

Programming Languages / Java, C#, Pascal, C and Prolog.

Programming Environment

Database Modeling Techniques Entity Relationship Diagram. IDEF 1X

Analysis and Design Techniques Structured and Object-oriented

Project Management Experience in managing developing projects that included
short software programming projects (Work Team of 3 or 4
students).

No previous planning and estimation experience.

The descriptions of the six case studies with their analysis class diagrams are the
following:

e Case Study 1: The objective was 10 develop a Sales Sysiem that automates the
registration of customers and the data of their invoices. The information of the
client is: client code, name. address. and phone number. The information of the
invoice is: number of the invoice, date. and total amount. In this case, clients
without invoices and invoices without clients can exist in the system.

Invoice Customer
0..* 0..] |

Fig. 3. Class Diagram for Case Study 1.

e Case Study 2: The objective was to develop a Sales Sysiem that registers invoices
only. The information of the invoices is: number of the invoice, date, 1ax amount.
and total amount. Additionally. the detail of the invoice includes: line number,
product description, product quantity, product unit price and subtotal. The system
also allows the registry of the types of products that are sold and their
information: code, description and price.
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Invoice | | Linelnvoice ! [ Produat |

- "
I ol S T ) I

Fig. 4. Class Diagram for Case Study 2.

e Case Study 3: The objective was 1o develop a system that registers universities
and their students. The information of the universities is: code., name, address,
web page and telephone number. Students’ information include: code, name,
address. e-mail and telephone number. The system allows universities without
students and students without universities. Students can belong to more than one

university.

University ~ Student
0. 0.*

Fig. 5. Class Diagram for Case Study 3.

e Case Study 4: The objective was to develop a system that allows the registration
of project plans and their activities. The system allows a project plan 10 exist
without defined activities. but an activity must always be associated to a project

plan exclusively.

Project Plan I o Activity
. 0.

Fig. 6. Class Diagram for Case Study 4.

e Case Studv 5: The objective was to develop a system that allows the registration
and maintenance of CD information which is defined by its code, title and
duration. Information on each track of the CD includes: number of track, song

name. artist and duration.

CD Track

-
| 1.0

Fig. 7. Class Diagram for Case Study 5.

e Case Study 6: The objective was 10 develop a system that allows the registration
of customer orders. Information for each order is: number. date and customer
name. Additionally the detailed information for the order contains: line number,
product code, product description and product quantity. The system also allows
the registration of product information sold by the company. such as code and
description.
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O g | LineOrder | Product
1 - S| O ]
Fig. 8. Class Diagram for Case Study 6.
Further details of the case studies and used instruments can be found at:
http://macareo.pucp.edu.pe/japowsang/pf/composition.html
4.4 Tasks Performed in the Experiment
Table 3 shows the tasks carried out in the session by the students
Table 3. Tasks of the session carried out by the students
Numbe
of Tak Group 1 Group 2
1 Reception of the case studies
2 Reception of material with the Reception of material with the explanation of
explanation of our approach, Coad’s IFPUG CPM and form to fill number of LF and
pattens and form to fill number of its RETs
LF and its RETs
3 Elaboration of analysis class Elaboration of E-R diagrams and identification of
diagrams and identification of LF LF
4 Delivery of completed forms back with the resuits
5 Reception of material with the Reception of material with the explanation of our
explanation of IFPUG CPM and form  approach. Coad’s patterns and form 1o fill
to fill number of LF and its RETs number of LF and its RETs
6 Elaboration of E-R diagrams and Elaboration of analysis class diagrams and
identification of LF identification of LF
7 Delivery of completed forms back with the results and reception of questionnaire
8 Deliverv of questionnaire

The session lasted approximately one hour and the students performed forty and
five minutes on average in all of the tasks. Although. our study did not include a
l1iming analysis for each technique, we could observe that both groups used almost the
same time to identify LF using both techniques. In addition, it is important 10 mention
that we informed the students that the purpose of the questionnaire was to know their

honest opinion about which technique was easier 10 apply.

5 Results

For each case study. we graded it with 1" (one) if the student correctly identified the

number of LF and RET and *0” (zero) if he or she did it incorrectly.

Subsections 5.1, 5.2 and 5.3 present quantitative results and subsection 5.4 shows

the results obtained from the questionnaire.
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5.1 Undergraduate Students Results

Acknowledging the advantages of utilizing students in experiments [7], Table 4
presents the detailed results for each undergraduate student. For each case study. the
first column shows the results obtained with the IFPUG CPM 4.2.1 technique and the
second one with our proposal. Results presented in Table 4 were previously published

in [18]

Table 4. Results obtained with undergraduate students

Case Study
Student 2 3 4 5 6
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A significance level of 0.05 was established to statistically test the obtained results.
Since these results follow a non-normal distribution. the paired samples t-1est could
not be used and a non-parametric alternative was selected: the Wilkoxon signed rank
1est. The statistical hypotheses formulated to test both techniques are:

e HO: The distribution of the two samples is not significantly different.
e Ha: The distribution of the IFPUG CPM 4.2.]1 sample is shifted to the lefi of the
distribution of our proposed FPA sample.
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Table 5. Wilkoxon signed rank test results for undergraduate students

Variable Result
Observations 144
\Y 269.0
Expected value 1345.0
Variance (V) 50732.5
p-value (one-1ailed) <0.0001]
Alpha 0.05

Since the computed p-value is lower than the significance level alpha=0.05 as
shown in Table V, we can reject the null hypothesis HO and accept the alternative
hypothesis Ha. It means that we can empirically corroborate that our proposal
produces more accurate assessments than the IFPUG CPM 4.2.] approach.

5.2 Graduate Students Results

Eighteen students participated in the experiment. All of the graduate students,
except one (he performed all case studies correctly using our approach, but only 2
case studies correctly using IFPUG), performed correctly the case studies using both
techniques.

For these results, the same statistical test as the one utilized for undergraduate
students results was used. The siatistical hypotheses formulated to test both
techniques are:

e  HO: The distribution of the two samples is not significantly different.
e Ha: The distribution of the IFPUG CPM 4.2.1 sample is shifted to the left of
the distribution of our proposed FPA sample.

Since the computed p-value is higher than the significance level alpha=0.05 as
shown in Table VI, we cannot reject the null hypothesis HO and reject the alternative
hypothesis Ha. It means that we can not empirically corroborate that our proposal
produces more accurate assessments than the IFPUG CPM 4.2.1. approach.

Table 6. Wilkoxon signed rank test results for graduate students

Variable Result
Observations 144
A4 0.0
Expected value 285.0
Vanance (V) 0.0
p-value (one-tailed) 1.0
Alpha 0.05

Due the results obtained in Table 6. we changed the aliemmative hypothesis. The
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new Ha was the distribution of the two samples is significanitly different. Using the
information showed in Table V]. we still cannot reject HO. which empirically
corroborates that our proposal and the IFPUG CPM 4.2.] approach produces the same
accurate assessment.

5.3 Comparison of Quantitative Results

From what it is observed in subsections 5.1 and 5.2, there is a difference in results
from both kinds of students. Some of the reasons for those differences are:

Undergraduate students knew about structured techniques. but they were more
familiar with OO techniques because they participated in OO software development
projects before the experiment. They obtained better results with our proposal because
thev had more experience with OO approaches.

Many of the graduate students apply only structured techniques at work, although
they use OO development tools. Therefore. their experience with OO techniques was
not as sound as the experience of undergraduate students (before the experiment they
were required to take an OO analysis and design course). Due to their experience in
structured techniques, graduate students obtained better results using IFPUG CPM
4.2.1 than undergraduate students.

Based on the results obtained with undergraduate and graduate students, we can
conclude that our proposal produces at least the same accurate assessment as that of

the IFPUG CPM 4.2.1.

5.4 Questionnaire Results

As can be seen from Table 3. students filled a questionnaire about the techniques used
in the experiment. Two multiple-choice questions (results are presented in figures 9
and 10) and a comment section were included.

Fig. 9 shows the results of the question: Rules regarding composition (technique
with classes) facilitate LFs and RETs identification compare to technique withowm
classes? They clearly show that all of the undergraduate students and most of the
graduate students consider that our proposal facilitates LF identification. It can be
observed that 16.7% of graduate students think both techniques are the same, due 1o
their experience with structured techniques at work.

Fig. 10 presents the results of the question The technique with classes is easier 10
apply than the 1echnique without classes? From these results, it is shown that most of
the students (graduate and undergraduate) think that our proposal is easier to apply
than the IFPUG CPM 4.2.] approach. )

As it can be observed from Figures 9 and 10, the questionnaire results do not
disagree with the quantitative results presented in previous subsections. Few students
wrote comments, but all of them confirmed the results obtained in the multiple-choice

questions.
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Fig. 9. Results of the question “Rules of our proposal facilitate LFs and RETs Identification?”
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Fig. 10. Results of the question “The technique with classes is easier to apply than
the technique without classes?”
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6 Discussion

In this section. we discuss various threats 1o the validity of the empirical study and the
way we tried to alleviate them.

6.1 Threats to Construct Validity

The dependent variable (accuracy) that we used is proposed in the ISO/IEC 14143-3
[13].

6.2 Threats to Internal Validity

Looking at the results of the experiment, we can conclude that empirical evidence for
the relationship between the independent and the dependent variables exists. We have
tackled different aspects that could threaten the internal validity of the study:

e Differences among subjects. The error variance due to differences among
students is reduced by using a within-subjects design.

e Lecamning effects. The counterbalancing procedure (subjects were randomly
assigned in two groups) cancelled the learning effect due to similarities and the
order of application of both techniques.

e Knowledge of the universe of discourse. We used the same case studies for all
subjects.

e Fatigue effects. Each student took 45 minutes on average per session 1o apply
both techniques. In this case, fatigue was not a relevant factor.

e Persistence effects. The students had never done similar experiments before.

e  Subject motivation. The students were motivated because they had to apply FP in
order 10 estimate required effort in their projects assigned for the semester.

6.3 Threats to External Validity

Two threats to external validity were identified which limited the ability 1o apply any

such generalization:

e Materials. We used representative case studies in which students had to identify
association. aggregation and composition relationships between classes.
However, more empirical studies are needed that make use of software
requirements specifications [10].

o Subjects. We are aware that more experiments with practitioners must be carried
out in order to generalize these results. Although the graduate students
(practitioners) had experience in software development projects, they had not
used FP technique in their projects before the experiment.
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7 Conclusions and Future Work

This paper presented a conversion model to determine FP logic files using an analysis
class diagram. This model considers the IFPUG CPM 4.2.1 rules and the composition
relationship between classes that are not included in others approaches.

We also described two controlled experiments with undergraduate and graduate
students in order to determine the accuracy of our approach compared 1o the IFPUG
CPM 4.2.1 technique. The results of the experiments show that our approach produces
at least equal results in accuracy when compared to the original IFPUG CPM 4.2.]
rules, and students (undergraduate and graduate) perceived that our approach is easier
10 use than the IFPUG FPA. Although the results obtained from the experiment are
very encouraging. we are aware that more experimentation is needed to confirm them.

The future work regarding this research is:

e To conduct experiments with software requirements specification in order 1o get
more results and opinions about the applicability of our model in the industry.
To include generalization and association relations in our conversion model.
To define rules to transform UML diagrams into IFPUG FPA transactions (EI:
EO and EQ).
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Abstract. This paper is focused on the creation of mathematic formulae for
calculating the room’s size where a CAVE (CAVE Automatic Virtual
Environment) of specific dimensions will be built. Furthermore. the design of
mathematic formulae for computing the CAVE's size. when the room’s size is
already established. Four designs are explained. In the first design. the CAVE's
walls are parallel 10 the room’s walls. In the second design. the CAVE's walls
are oblique to the room’s walls. In the third design. the mirror and projector
technique is used. Finally, the mirror and projector technique is used. too. The
only difference is that the projectors are set on a strategic place.

Keywords: CAVE, projection, immersion.

1 Introduction

A CAVE is a system based on multiple projection’ s screens that surround the viewer,
in which projectors are directed to four. five or six of the walls of a room-sized cube
and where generally a virtual environment is used.

The first CAVE was originally developed at the Electronic Visualization
Laboratory at the University of Illinois at Chicago in 1992 [1], [2]. This CAVE used
the mirror and projector technique.

Actually, this technique is used for manyv CAVEs, as in [3]. [4]) and [5].
Nevertheless, there is no reference that indicates a specific method for computing the
minimum space required for building a CAVE. There are no references that may help
us 10 compute the physical space when the mirrors are used in different positions.

2 Projection

In this research. different projectors were used for measuring the projected image’s
size. The results were similar. Every projector had an aspect ratio 4:3. The projector’s
length was not taken in account due to it is minimum size.

Fig. 1 shows the maximum projection’s size. when the distance between the
projector and the wall is of 3m. it is possible 10 notice that the width of the projected
image is almost half of the distance between the projector and the wall. For this

© A. Gelbukh, M. Adiba. (Eds.) Received 26/06/08
Advances in Computer Science and Artificial Intelligence. Accepred 04/08/08
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reason. in the rest of this paper the projection’s width will be taken as half of the
distance between the projector and the wall.

16m

12 .

Fig. 1. Image’s size obtained at a distance of 3 m.

3 Room Size

In order to achieve a good immersion level within the CAVE, its walls must be taller
than the average height. so that people may not have the opportunity of looking over
them. Using a screen of 2.10 m. height should be enough for most situations.
Considering the aspect ratio of 4:3, means that the projection height is 75% of its
width [6]. this example sets the screen width as P = 2.80 m. In this paper we use P,

which avoids loss of generality.

3.1 Room Design #1

The first one is a straight approach that allows us to set the projectors behind screens.
See Fig. 2.

W _1=5P. 1)
W _2=3P. )
R _1=(5P)(3P)=15P. A3)

This means that the room’s width must be of at least 5P, while its length must be

larger than 3P to allow the user’s entrance into the cave.
In our example, where P = 2.80 m., the room size should be: R_1=1 17m°.
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w_l = 5P

w_2= 3P

2r

Fig. 2. Room size: CAVE walls parallel to room walls.

3.2 Room Design #2

In order 1o reduce the room’s size. we can set the projectors at strategic places of the
room. Comners may be used.
Fig. 3 shows that the distance from the center point of the room 10 any comer is:

3P Therefore the length of each wall is: W= SPN2
2 2

5Py2 J[ 5P\2 J _25P° “@)

2 2 2

=

Using P=2.80 m., the room’s size is R_2=98m’

3.3 Room Design #3

As it was mentioned before, the projection’s size depends on the distance between the
projector and the wall. thus note that it is possible to reduce the room’s size

requirements by using mirrors.
There are two types of mirrors that are useful for back-projection sysiems such as:
foil mirrors and surface glass mirrors. Normal mirrors are not usually used because

they may produce double images [5].
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A

wall

2p 2P
P2
5P-2
2
wall
> v
- 5PA2
2

Fig. 3. Shows the room’s size with the projectors placed in the comers.

Fig. 4 shows an example of an image’s size obtained with a projector and a mirror.
The strategy is to set the projector near the screen. The projection is sent 1o the mirror
and the mirror reflects the projection onto the screen. The projection’s distance and
the horizontal projection’s size are both equal to P.

Fig. 4 A larger image size is obtained in smaller sized rooms using mirrors.

Fig. 5 allows us 1o see that the distance from the center point of the room 1o any

71P~2

corner is: —— . for that reason, the length of each wall is: -—~—4—- .

In this design, the mirror’s size is half the screens’ size.
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2 (5)
R 3= (719?}[710 ‘?J . o)

8

It is necessary 10 be careful to place the mirror in the correct position because it is
possible that the projection crosses a screen

In our example, where P = 2.80m., the room’s size should be R_3= 48.02m°

P/4

Comer /

Mirror=P/4 |

\ -

ProjectionSize=P

s
¥

Wall

Fig. 5. Room size using mirrors.

3.4 Room Design #4

It is possible 1o find strategies for taking advantage of the mirrors. Fig. 6 shows
that the mirror can be inclined towards the projector.
Fig. 7 allows us 10 see that the distance from the center point of the room to any

3P~/2

3P
corner is approximately 2— . therefore the length of each wall is = ———

2 (6)
R 4= 3P£ 3PJ§ = = .
- 2 2 2

In our example, where P = 2.80m.. the room's size should be of =35.28m".
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Projection

!

Fig. 6 Projection using an inclined mirror.

AN .
\ { ; rro ector

IN...
AN

Fig. 7. Room Size using the mirror and projector technique, the CAVE's walls are in an
oblique position against the room walls, placing the projectors in a strategic place
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4 Calculating the CAVE’s Size when the Room’s Size is already
Established

In the designs shown above, the room’s size depends on the screen’s size. Therefore,
it is possible 10 calculate the CAVE s size when the room’s size is known.

The CAVEs’ sizes (C_2, C_3 and C_4) are calculated taking as a reference designs
2, 3 and 4:

If we know the room’s size. we can calculate the CAVE's dimensions. Where P is the
width and depth, %P is the height (H).

For design #2 and taking as reference formula (4), we can calculate iy

(7
P=Ly.

H=ﬂw, (8)

20
& zz{ﬁwlsﬁwlﬁw]_ 9)
= 5 20 5

For design #3 and taking as a reference formula (5), we can calculate C_3.

(10
B 22 )
7
a2y (1)
14
c_3 =(2‘5 W)(:“E H’J(zﬁ WJ- (12)
=g 14 7

Finally, for design #4 and taking as a reference formula (6). we can calculate C_4.

2 (13)

p=Yw.
3
H=i45—W. (14)

R G
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5 Conclusion

Four designs for building a CAVE with different characteristics were explained in this
paper. Each design was evaluated with different projectors and the results were
satisfactory.

Two contributions were given:

-The creation of mathematic formulae for calculating the room’s size where a
CAVE of specific dimensions would be built.

- The creation of mathematic formulae for calculating the CAVE’s size when the
room’s size is already established.

Designs #] and #2 used a great amount of space. Design #3 used the mirror and
projector technique; the space used in this design was reduced. In my personal
opinion. the best option was the Jast one.

With these designs we can demonstrate, that the technique of mirrors and

projectors is effective.
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Abstract. Integrating Knowledge Management (KM) in organizational proc-
esses has become an important concern in the KM community. Development of
methods to accomplish this is still being, however. an open issue. KM should
facilitate the flow of knowledge from where it is created or stored. to where it is
needed to be applied. Therefore. an initial step towards the integration of KM in
organizational processes should be the analysis of the way in which knowledge
is actually flowing in these processes. taking into account the mechanisms that
could be affecting (positively or negatively) such a flow. and then. to propose
alternatives to improve the knowledge flow in the analyzed processes. This pa-
per presents the use of the Knowledge Flow Identification (KoFI) methodology
as a means to improve a manufacturing process knowledge flow. Since KoF]
was initially developed 10 analyze software processes, in this paper we illustrate
how it can also be used in a manufacturing domain. The results of the applica-
tion of KoF] are also presented. which include the design of a knowledge portal
and an initial evaluation from its potential users.

1 Introduction

Nowadays Knowledge Management (KM) has captured enterprises” attention as one
of the most promising ways to reach success in this information era [6]. In order to as-
sist organizations to manage their knowledge, different strategies and systems
(Knowledge Management Sysiems. KMS) have been designed. However, developing
them is a difficult task: since knowledge per se is intensively domain dependent
whereas KMS ofien are context specific applications. In the one hand. the lack of so-
phisticated methodologies or theories for the extraction of reusable knowledge and
reusable knowledge patierns has proven 1o be extremely costly. time consuming and
error prone [5]). On the other hand. an actual concern is that KM approaches should be
well integrated to the knowledge needs of knowledge workers. and to the work proc-
esses of organizations [18]. Before developing a KM strategy it is advisable 1o under-
stand how knowledge transfer is carried out by people in the different processes
where the strategy will be applied. Once the forms in which knowledge is flowing
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through a process have been recognized. it should be easier to identify the problems
affecting that flow. and. as a consequence. 10 propose possible solutions 10 improve
the flow.

In this paper, we illustrate the manner in which the Knowledge Flow Identification
(KoFI) methodology [17] was used to analyze a manufacturing process, in order 1o
improve its knowledge flow. The reason for engaging in this study was 1o assist a
manufacturing organization in two main aspects: 1) 1o improve the training of highly
competitive personnel, and 2) to promote organizational learning. The main concern
was to develop a KM system 1o assists the human resources training process, by mak-
ing useful information and resources available to the employees to promote self-
learning and knowledge diffusion. The goal of this paper is 1o illustrate how the KoF]
methodology can help 1o detect knowledge deficiencies in a manufacturing process,
and can also help to design strategies 10 solve them: in this case a knowledge ponal
was designed. Hence, in the next section the manufacturing process where KoF] was
used is described. afier that in Section three we illustrate the different stages followed
to improve that process. Then. in Section Four a knowledge portal. designed as a re-
sult from the findings obtained afier applying the methodology. is described. Section
Five depicts the results of a preliminary evaluation of this portal. A discussion of the
results of this case study is presented in Section Six. Latter. in Section Seven our ap-
proach is compared 1o existent related work, 10 finally conclude in Section Eight.

2 The Manufacturing Process

In order 10 test the KoF] methodology it was used in an industrial company dedicated
10 the manufacturing of cans. We focused our work on a department where eight
processes are carried out. It was decided 1o focus on one of the most important proc-
ess: the one in charge of transforming the aluminum rolls into the first versions of the
cans (known as “Formation area™). In this test 4] people were involved, including the
depariment manager. the responsible of each area of the department. and the operating
personnel. which were integrated by leader mechanics, productive processes mechan-
ics. and machine operators.

It is important to highlight that the company has documented all its processes, and
follows standards for documenting almost all its activities. Moreover it has an
1S09001-2000 certification. Because of this, detailed models of the processes were al-
ready available.

The data used to analyze the process was captured through interviews, and by ana-
lyzing documents and information sysiems. Nineteen employvees were interviewed by
using the long interview technique. but adjusting the interviews to the following for-
mat: the general data of those interviewed, the main activities performed, knowledge
sources known by them, and their level of knowledge about the process. The duration
of the interviews ranged from 30 minutes 1o 2 hours, depending on the level of re-
sponsibility of those interviewed. Additionally. a 1otal of 119 documents and systems
were also analyzed, of which 24 were discarded because they were duplicated.



Improving Knowledge Flow in a Mexican Manufacturing Firm 31

3 Applying the KoF1 Methodology

Before presenting the results of applying the KoF] methodology, we will present a
brief description of the methodology. Then. we will focus on the results of the analy-
sis of the manufacturing process.

3.1 Description of the KoFl methodology

The KoF]l methodology was designed 10 aid in the analysis of software processes from
a knowledge flow perspective [14, 17]. ]t was defined 1o assist in three main areas: 1)
to identify, structure, and classify the knowledge that exists in the process studied, 2)
1o identify the technological infrastructure which supports the process and affects the
knowledge flow. and 3) to identify forms with which 1o improve the knowledge flow
in the process.

KoF1 is orientated 1owards helping to analyze specific work processes. Therefore,
it is necessary to define the specific process and model it. The process models are
later analyzed following a four stage process. to finally identify and describe the 100ls
which, positively or negatively. affect the flow of knowledge. Thus. based on the
main activities of KoF]. the methodology is divided in three phases (see Figure 1):

® The process modeling phase. consisting of the definition and modeling of the
process 10 be analyzed. using a process modeling language which provides ele-
ments 10 represent the knowledge involved in the process. It is recommended to
model the process at different levels of abstraction. First. a general view of the
process can be defined with a general and flexible process modeling technique. In
our case, we have used an adaptation of the Rich Picture Technique [9. 14]. To per-
form a detailed analysis. a more formally constrained language should be used.

* The process analysis phase, which involves the identification and analysis of
knowledge sources. topics, and flows. as well as the problems affecting the flow of
knowledge. The main result of this phase is the definition of a knowledge map of
the process. which can be structured towards the definition of an ontology of
knowledge sources and topics. considering their relationships with other elements
of the process, such as activities or roles.

® The knowledge flow support tools analysis phase, consisting of the analysis of
the 1o0ls that might be useful knowledge flow enablers. To accomplish this phase,
a framework has been proposed [16]. which define four main steps to analyze in-
formation systems as knowledge flow enablers. First. the application domain of the
system is defined. This includes identifving the use, scope. and domain of the
knowledge managed. The second step consists of identifying the structure of such
knowledge. Later. the third step focuses on defining the KM activities being sup-
poried by the 100l. Finally. the fourth step consists of the definition of the main
technical aspects considered important for the 100ls.

After the application of the methodology. information should have been obtained
which is useful. for example, in defining the knowledge base of the process. discover-
ing the problems affecting the flow of knowledge and the mechanisms through which
knowledge is flowing. and making proposals 1o improve the knowledge flow.
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In the present work. we focused on analyzing a manufacturing process in order to
propose a KM system. Thus. for this study the methodology was applied only until
phase two. That means we did not apply the final phase of the methodology. There-
fore. in this paper we will focus on the process analysis phase. Detailed information
about how to perform the other two phases can be found in [15] for the process mod-
eling phase. and in [16] for the knowledge flow support tools analysis phase.

The KoF] methodology

To specify the
process To identify Process KM Tools
10 be analyzed knowledge _wu,.ce_,T Analysis Phase Analysis Phase

I ]

Knowledge focused To identify -
process modeling knowledge i1opics Analysis of the
1 tools involved

To identify in the flow of

knowledge flow:. knowledge
o To identify
Modeling Phase knowledge flow
problems

Fig. 1. The four steps of the process analysis phase of the KoF] methodology.

The process analysis phase of KoFl is composed of four steps as shown in Figure
1. which are performed in an iterative way, since each step might provide information
useful for the others preceding it. Also. in that manner the products of each step
would evolve 10 incorporate the new items found in each iteration. Next we briefly
describe the four steps of the process analysis phase of KoFl.

According to the KoF] methodology, the first siep of the analysis is 1o identify the
knowledge sources involved in the process. This includes the identification of all
those sources of information or knowledge that could be being used or could be useful
for performing the different activities composing the processes. Those sources could
include the people consulted by the personnel in charge of the process, such as their
colleagues, external consultants or other experts: the information systems supporting
the process. such as the intranet, simulation 1ools. etc.: or documents. such as memos,
reports, tutorials. 100ls’ user manuals, etc.

The second step focuses on the identification of the main knowledge topics or ar-
cas related 1o the activities performed in the process. For instance. knowledge re-
quired to perform the activities, or created from them. It is important to identify and
classify the knowledge related to the sources found in the preceding step. An impor-
1ant result of this step might be the identification of important knowledge topics not
stored anywhere, or that might be stored in sources not used or difficult 1o find. In
short the identification of possible loss and misuse of knowledge.

These first two steps include the classification of the sources and topics found,
which can be made through the definition of a taxonomy and an ontology of knowl-
edge sources and topics. In fact, knowledge taxonomies are considered an important
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initial activity towards the development of KM systems [12]). The ontology should
make possible 1o relate the different sources 10 the knowledge that can be obtained
from them. and vice versa. i.e. relate the knowledge 10 the sources from where it can
be obtained. or where it is stored.

The third step focuses on identifying the manner in which knowledge is flowing
through the process. To accomplish this, it is required 10 analyze the relationships be-
tween the knowledge sources and topics, 1o the activities of the process. This includes
the identification of the activities where the topics and sources of knowledge are be-
ing generated. modified, or used. It is important to identify knowledge dependencies.
such as knowledge topics generated in an activity and required in other: and knowl-
edge transfers mechanisms, such as knowledge transferred from one activity to an-
other through a document. or through an interaction between different roles or per-
sons. This type of analysis can be useful 10 identify three main issues related 10
knowledge flow:

1. important knowledge flow enablers. that means, channels. sources, or information
systems being used to facilitate knowledge flow:

2. knowledge flow bottle necks. that means, situations that could be negatively affect-
ing the flow of knowledge: and

3. knowledge that could be not flowing ar all, for instance. knowledge that is being
lost because it is not stored anywhere, or knowledge not used because people ig-
nore il exists.

Finally. the fourth step of the analysis consists of identifying and classifying the
main types of problems detected and which affect the knowledge flow. KoF] proposes
to do this by defining problem scenarios [14]. a technique based on explaining a prob-
lem in the form of a story describing a common situation. Once described this com-
mon problem. one or more alternative scenarios are also proposed in order 1o illustrate
the manner in which such a problem could be addressed. Those alternative scenarios
would be Jatter useful 1o extract the main requirements to propose the KM strategy 1o
follow. or the KM system to develop.

In the following subsections we describe the manner in which the four analysis
steps of KoF] were carried out in the manufacturing company.

3.2 Identifving Knowledge Sources

In the first step of the analysis. the identified sources were very diverse. The identifi-
cation of the sources was done through the interviews performed to the personnel of
the company, and the analysis of documentation and information systems. To facili-
tate its management. and following the recommendations of the KoF]l methodology.
once the different sources were identified, we proceeded 10 classify them. To do this a
taxonomy of knowledge sources was defined. which included four categories of
sources:

1. Documents, group of all those sources which consist of physical or electronic
documents. It includes three subcategories: a) processes” documents, grouping all
the documents related to the processes followed in the studied company’s area, b)
technical documents, referring 10 specialized documents with information of the
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tools and machines used in the process studied. and c) organizational documents,
consisting of documentation of the organizations life and culture, such as organiza-
tional rules. or norms.

2. Information systems. refer 10 the sources consisting of information systems used
in the company. This category includes two subcategories: a) query sysiems, con-
sisting of all the systems used to search for information, and b) nransactional sys-
tems. which refer to transactional applications used in the company.

3. People, groups all the different types of people involved in the process. It has been
divided in four subcategories: a) stzaff which groups all the people working in the
studied Company's area, b) specialists refer 10 people with specific knowledge
who might be consulted by the staff, ¢) external clients 10 represent the final clients
of the process. and 4) internal clienis 1o refer 10 users or clients of the process
whom work in other areas of the company.

4. Others. is a category used to group those sources not included in the preceding
categories. Particularly it includes two subcategories: a) problem analysis which
are 1ools used by the process’ participants to analyze and solve problems, and b)
simulation tools, which are 100ls available in the company to support the simula-

tion of processes offline.

Each source was described by assigning it a unique identifier, a name, a descrip-
tion. its type and category, its location, its format, and the main knowledge topics
which could be obtained from it. This last was useful for the following step which
was the identification of the knowledge topics involved in the process, and to start re-
lating the different knowledge sources 1o the knowledge that can be obtained from

them.

3.3 Identifving Knowledge Topics

The identified knowledge topics were also very diverse, ranging from organizational

behavior 10 special machine maintenance. In this step we did not focused on describ-

ing each topic in detail, but on identifying the main knowledge required in the proc-
ess. The topics identified were classified. according to the utility of such knowledge
in the activities of the process, in three categories:

1. Product line activities which includes knowledge about the operation of ma-
chines. about processes, and about quality of the processes and products. It is di-
vided into four subcategories: a) product quality. consisting of knowledge about
the specifications and attributes of products, and the inspection process; b) machine
maintenance, consisting of knowledge about the applications and procedures for
conducting machines’ maintenance (preventive, corrective or predictive mainte-
nance). and knowledge about the spare parts of machines: c) operation, which in-
cludes knowledge related to the management and operation of machines, equip-
ment and tools used in the process: and d) information technology (IT) application.
which consists of knowledge about the software systems for consulting and regis-
tering information about machine operation.

2. Organizational culture, is all that knowledge that employees must have about the
company. its internal organization and norms, etc. It includes only one subcategory
which is knowledge of the company.
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3. General knowledge is a category defined 1o group all those topics and areas of
knowledge that the employees might have. and which are not directly related to the
process operation. It is subdivided into four subcategories: a) resource manage-
ment, related 10 knowledge about the internal control procedures: b) J7 manage-
ment, refers 10 knowledge about the use of tools. and systems available; c) person-
nel management, groups knowledge and skills for managing people. such as
leadership, personnel coordination. etc.: and d) orher individual knowledge is
where all those individual knowledge and skills such as writing skills, foreign lan-
guages knowledge. etc. are grouped.

Once identified. the main knowledge topics were described assigning them a
unique identifier. a name. a description. its classification, and information 1o know
where such topic could be useful. and why and how knowing it could benefit the or-
ganization or the person who knows about it. With the knowledge topics descriptions,
a knowledge dictionary was developed for the process.

3.4 ldentifying Knowledge Flows

In this step we modeled the knowledge required in each activity of the process, the
knowledge that cach role needs to perform these activities. and the knowledge sources
consulted or generated in cach activity, following an adaptation of the Rich Picture
technique [9]. Figure 2 presents an example of this type of diagrams. in which the
knowledge required in the “Lift trucks operation and management” process are repre-
sented. The figure shows the role in charge of such activity, the experience. skills and
knowledge it provides to the activity. and the main source of knowledge used in the
activity, which is an application for managing security rules and regulation of the
company.

Knowledge required Knowledge
for the activity source

v
Secure SystemJ‘

*Operation procedures
*Security norms
*Transported material

Knowledge provided
by Role / Actor

Lift trucks operation
and management

*Process work's experience
*Tools management
experience

*IT management experience

=Security rules and
regulation

Knowledge obtained
from a source

Mechanics/

ERole / Actor | Operator

Fig. 2. Example of an adapted rich picture 10 analyze knowledge flows.
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This type of models helped us to identify the relationships between the knowledge
sources and topics, and the activities of the process. The above allowed us to create a
knowledge meta-model (described in Section 4). which was used as the structure for
developing a Knowledge Map useful to identify the knowledge that might be obtained
from each source. and the activities in which the sources or the knowledge were being
used or generated. This map was used in the construction of a Knowledge Portal (de-
scribed also in Section 4). This portal was proposed to solve some of the main knowl-

edge flow problems observed, as it is described next.

3.5 Identifving Knowledge Flow Problems

The final step of KoF] proposes to identify and classify the main problems affecting
the knowledge flow in order to propose alternatives to minimize or avoid them. In our
study, it was observed that some areas of the process were not well supported with
documentation. For instance, there was not enough documented information on the
use of certain mechanical and electrical tools: therefore. that knowledge resided only
in people’s experience. An additional problem was the identification of important
knowledge sources that were not being used. Some reasons for the last were the diffi-
culty for consulting some of the existent sources, either because they were unknown
10 the potential users. or because they were difficult to find by emplovees.

To address this problem. it was decided to develop a Knowledge Portal to facilitate
the access 10 all the available sources, according to the areas, processes. or activities
for which they are useful. Additionally. the portal would provide ways for pointing
out 1o all those knowledge areas for which no sources exist. The last should be useful
to identify all those areas for which knowledge sources should be created. Moreover,
providing means for including those new sources easily was also a requirement for the
portal. Additionally. it was also decided that the portal should provide access not only
1o documents. but also 1o other types of sources. such as information systems, or sup-
port t00ls, in order 1o promote the use of all the available types of knowledge sources

of the company.

4 Design of the Knowledge Portal

In this section we describe the next: 1) a meta-model developed for structuring the
knowledge map used into the portal, 2) the structure of such portal, and 3) the design

of its user interface.

4.1 Meta-Model

The proposed meta-model, represented in Figure 3, comprises the knowledge types
and sources involved in the knowledge generation and acquisition process. To de-
velop it, we adapted a general knowledge sources and topics meta-model proposed as

part of the KoF]l methodology.-
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In the meta-model the knowledge concepts are integrated with the knowledge 1op-
ics and sources. The knowledge concepts are required, generated or modified by the
activities within the studied area, which are described as work definitions. In tum.
these work definitions can be represented as processes. activities or decisions. Each
knowledge concept/source association contains information about the knowledge
level it requires. Finally. the available format and location for consulting each source
are specified.

Location | Has Located in | Knowledge | Of type |  Source Has | Source

< Location |e¢
types . source ¢ lypes | _cateqories
1
Has Knows about

Format S| R e Required level

o
Godl Pall Work c® Knowledge
1. definitions lopics
[ [ 1 | |
Processes p— Aclivities Lnecisims Categories Areas
T ] A launches ]~ 7 Y l
Implies

Fig. 3. Meta-model of knowledge types and sources.

4.2 Knowledge Portal Structure

The meta-model was used as a base 10 design the structure of the knowledge portal.
Figure 4 shows the resulting general structure of the portal. This structure comprises a
first level in which initial interfaces (pages) are accessible (e.g. home and registration
pages). The second and third levels are pages which correspond to the manufacturing
arcas and sub-areas of the organization, respectively. according to the rich picture
models developed during the analysis. The fourth level corresponds to pages on the
processes that integrate each of the sub-areas identified from the involved knowledge
flows. Finally. the fifth level presents all the identified knowledge sources for the spe-
cific process of the sub-area. This structure is representative of all and each of the
manufacturing sub-areas. as identified during the analysis.

4.3 Knowledge Portal Ul Design

The design of presentation and navigational features of the user interfaces (pages)

also emerged from insights identified in the analysis and initial phases of design.
These include information about the identified knowledge flows, the main sub-

areas of the organization, and the structure of the portal previously identified. which
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resulted in the options included in the menus and main layout sections of the pages.
These allow users to find the required information by simply identifying the specific
area in which information is generated or required. and following the resulting navi-
gational structure (area — sub-area — process) to locate the specific knowledge
source. instead of just alphabetically (or randomly) browsing through the information.

Homepage
l A
iz I
Area Area Area
l 2 s
= [ 1
Sub-area Sub-area Sub-area
l -
|5 | 1
Sub-process Sub-process Sub-process
I —_——
£ I ==
Knowledge source | [ Knowledge source Knowledge source

Fig. 4. General structure of the Knowledge Portal.
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Fig. 5. Example of the page contents and layout of the Knowledge Portal.



Improving Knowledge Flow in a Mexican Manufacturing Firm 39

Figure 5 depicts an example of the Jayout and content of a page from the current
prototype for the “Formation” area.

The information provided includes the name of the manufacturing area being con-
sulted (5.a). the name of the specific sub-area (5.b). the name of the selected process
within the sub-area (5.c). and most imponantly. links to knowledge sources (and
types) available for that process (5.d).

Additionally, the page includes a “contextual™ sub-area menu 1o facilitate naviga-
tion through the information (5.¢), which is always available while the user stays in
that particular sub-area of the portal. Also. it includes access to a search engine (5.f)
which allows a search 10 be performed by simply specifying a keyword on the re-
quired topic, and optionally. the “places” in which the information should be searched
for.

The interface in Figure 5 represents the final destination for users looking for a par-
ticular knowledge source whom, by following only three links (area — sub-area —
process), arrive at the knowledge sources (either documents, systems or people) re-
quired to perform their intended activities.

Finally, this design adheres 10 the organization’s established standard guidelines
for this kind of applications.

S Evaluation of the Knowledge Portal

We conducted a preliminary evaluation in one of the production areas to both deter-
mine the impact and acceptance level of the users on the system, and 1o provide sup-
port for the decision-making process concerned with the continuation of the system’s
implementation in other areas of the organization. The evaluation considered aspects
concerning perception of usefulness and ease of use [4].

The evaluation consisted of
1. an introductory session. in which the svstem was presented 1o the users. and its

functionality demonstrated 1o them. This included examples on how 10 search for

and retrieve knowledge sources by means of navigating through areas, sub-areas
and processes. as well as through the search engine: and

2. the application of a questionnaire containing 12 questions referring 10 perception
of usefulness (6) and case of use (6). Each evaluation session (induction and appli-
cation of the questionnaire) was done in approximately one hour.

The subjects of the study were 41 employvees of the “Formation™ area for which the
prototype was developed. The subjects included leader mechanics, process mechan-
ics, operators and process engineers, whose participation was voluntary. The sample
was divided into 4 groups according to the natural operative processes (3 groups of
ten people and 1 of eleven). The application process of the evaluation was completed
in three days.

5.1 Analysis and Discussion of Evaluation Results

The subjects had positive appreciations with regard 1o the knowledge portal, as it is
reflected in their answers in the questionnaire. Figure 6 shows the answers to the
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questions about the perception of usefulness of the tool. The users perceived that the
portal would allow them to increase their productivity and to perform their tasks more
easily (82.93% “Agree” in both cases). although some of them had doubts regarding
the fact that this would increase their productivity (24.39% *“Have Doubts”). Only one
person (2.44%) “Disagreed” that the tool would help him/her to complete his/her

tasks faster.
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Fig. 6. Perception of Usefulness.

Figure 7 shows the answers 10 the questions about the perception of ease of use. As
can be seen, although most of the users perceived that it was easy to learn to browse
through the information (85.37% “Agree”), some had doubts concerning the ease of
finding information (39.02% *‘Have Doubts”), and even more users had doubts con-
cerning becoming experts on the use of the 100l (46.34% **Have Doubts™). A possible
explanation could be that a little more than a third of the users had doubts concerning
the clarity of the presented interfaces, as well as about the interaction flexibility that
these provide (34.15% in both cases).

In general, most of the users considered the knowledge portal as a useful (87.80%
“Agree” — Figure 6) and easy 10 use t00] (68.29% *“Agree” — Figure 7) for the accom-

plishment of their work.

5.2 Additional Comments to the Evaluation

During the evaluation, we observed that results seem to be related to how much par-
ticipants use information systems in their daily work. People with more experience
using information systems, and particularly internet based systems such as web por-
tals, were more positive about the knowledge portal. Therefore, it is recommended
that for constructing the final version of the portal, 1o consider this situation in order
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10 identify how it can influence the final acceptance of the portal, particularly within
the people who do not use computers regularly in the company.

Finally, formal evaluation of KM systems is a difficull concern since results
emerge only in the long time. and are influenced by many external factors. Thus, it
was out of the scope of this work 10 formally evaluate the usefulness of the knowl-
edge portal. However, we expect 1o continue the evaluation during practice, when the
final version of the portal is completed and in use in the company.
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Fig. 7. Perception of Easy of Use.

6 Discussion and Lessons Learned

The KoF] methodology was initially developed 10 aid in the design of KM approaches
10 improve software processes. In this initial application domain, the methodology
was useful 1o propose the design of a KM tool, and to structure and create a knowl-
edge map of the studied process. ]t can be argued that software processes differ from
manufacturing processes in that they have different knowledge requirements. In fact.
software processes have been considered 1o be more knowledge intensive and dy-
namic than common industrial processes [13]. such as the one studied here (the pro-
duction of aluminum cans). Nevertheless, we have learned some important lessons
from this study comparing it 10 the other studies we have done [14-17). _

In the previous studies, we analyzed two software maintenance processes 1o iden-
tify knowledge management needs. These processes were not formally defined. so
there was not a model of such processes. Instead. we required to construct the entire
mode] of the processes from the interviews we made 10 the people responsible of such
processes.
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In the present study the processes were much more formally defined and docu-
mented. Nevertheless. it was decided to create models of the process to explicitly rep-
resent the knowledge sources and topics involved in it (as we exemplified in Section
3.3). The reason for this was that the process models were made with a common busi-
ness process modeling language. which has not explicit representation of knowledge
related issues. From the models we made. we were able to identify knowledge re-
quirements and sources, which were not identified from the existent process models
of the company. This observation has given us insights to argue that independently of
how well defined and documented the process could be, if there is not an explicit rep-
resentation of the knowledge and sources involved in the activities of the process, im-
portant sources and knowledge requirements could be lost or ignored during the
analysis. Thus, in this case. the steps proposed by the methodology, provided a way
for identifying important knowledge requirements and problems that were not identi-
fied before. Even though the process was well defined and documented from a manu-
facturing (or business) point of view.

Other important issue was that the strategies proposed as a result of applying KoF]
in the different studies had different requirements. In the first studies (software engi-
neering domain), we observed that the KM systems required to be more active than a
traditional KM tool. It was observed that software engineers did not have enough time
10 capture or search for knowledge, neither for using new tools totally apart from the
development environment they were working with. Thus. the systems required to be
capable of performing some KM tasks in an autonomous way. and be integrated 10 the
current 1ools being used by the engineers. In the present study we did not found this
situation. However, an imporiant issue was observed. In both types of studies (the
previous ones, and this one). regardless of the type of KM approach required, a first
step towards the development of such approaches was the definition of a knowledge
map of the process, which consisted of the identification and definition of the main
knowledge topic required in the process. the main knowledge sources, its relation-
ships between them, and the activities performed. All this information was obtained
during the application of the methodology. Form this observation we argue that creat-
ing a knowledge map of the process, in which the knowledge sources and topics are
classified. and its relationships identified. should be an initial step. independently of
which type of KM 100ls or strategies will be proposed.

Finally, we want to highlight the fact that, although the analysis of knowledge flow
support 10ols was not a main concern during the present study, some important infor-
mation systems being used as knowledge flow enablers were identified and consid-
ered into the portal. For instance, some reports and simulations that are obtained from
external systems are accessible through the knowledge portal. To do this, the portal
has some connections 1o other applications available in the company. Thus, this study
helped us 1o confirm that the methodology is helpful in identifying knowledge flow
support 10ols available for the process, in order to consider them as part of the KM

proposals.
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7 Related Work

Integrating KM into work processes is one of the main concerns of the KM commu-
nity [18]. However. most of the organizational KM strategies are not well integrated
to organizational processes [8]. In order 10 reduce this gap. some works have been
proposed in literature. Perhaps the work most related 10 our own. is that of Kim et al.
[7]. whom have studied knowledge flows in a manufacturing firm through their own
method including a special type of knowledge flow diagram. In their study. Kim et al.
demonstrate that knowledge flow analysis can be a means towards understanding the
relationships between the knowledge and the process studied. The main difference be-
tween KoFl and the proposal of Kim et al. is that the former was developed to be
more practical. being not only a way 1o analyze a process. but also a means through
which 10 propose practical solutions.

Other authors have also proposed approaches for modeling knowledge flows, or
knowledge involved in work processes. i.e. [1, 11, 19]. However. most of the ap-
proaches we have found are cither orientated 1owards developing specific KM sys-
tems, or require special tools or process modeling languages for their usage. Before
proposing a specific approach for managing knowledge in an organization, it is im-
portant to analyze the organizations’ work processes from a knowledge flow perspec-
tive [10]. since supporting knowledge flow should be the main focus of KM [2]. Ad-
ditionally, 10 have a successful integration of KM strategies into the organizational
work process. we must consider the current technological infrastructure [3]. which is
an issue not addressed in the other works we have found in the literature.

Thus, the main contribution of our work is 10 use an approach which explicitly
takes this observation into consideration. That means, we have not only cover most of
which is covered by previous studies, we also have taking as an important concern the
identification of the current technical infrastructure, in order to include such infra-
structure as part of the KM strategies or systems proposed. and perhaps as the basis of
them. We have illustrated how the KoF] methodology was used for proposing means
to improve the knowledge flow in a manufacturing company. This should be accom-
plished not only by developing new systems. changing organizational culture, and so
on, but also by integrating the current infrastructure and the actual work being done
by the people in charge of the organizational processes.

8 Conclusion

In this paper we have illustrated the use of the KoFl methodology 1o analyze a manu-
facturing process in order 10 improve the flow of knowledge in it. The main result of
the study was illustrating the usefulness of the KoF] methodology in a manufacturing
setting; particularly for the design of a knowledge portal based on the real work struc-
ture of a company. Since KoF] was initially developed to be used to analyze software
processes, this study has provided us with the initial evidence 1o argue that KoFl is
open enough to aid in the design and construction of different types of KM ap-
proaches. and in different application domains. However, more case studies are re-
quired to continue evaluating the benefits and limitations of KoFI in different settings.
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Other important result of this study is the knowledge portal per se. which inte-
grates the knowledge sources available. and presents them to the users by following
an organizational structure which emerges from the application of the different steps
proposed by KoFl. Unfortunately. evaluating if the portal will allow the company to
improve the training of highly competitive personnel and to promote organizational
learning can only be made afier a long period of time using the portal in real practice.
However. the preliminary evaluation of this portal has led us to believe that it could
help to accomplish this, since such a portal was considered to be highly useful and
ease 10 use by the employees of the company. As future work, we are planning to ap-
ply the KoF] methodology to the analysis of all the remaining company’s processes,
in order 10 extend the use of the portal 1o the entire organization. This should help us
1o continue evaluating the benefits and limitations of KoF1 and the portal.
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Abstract. Social regulation is an intrinsic aspect of collaborative work,
although it is not considered in the most of cases in groupware applica-
tions. Regulation concerns the establishment. of working rules and their
negotiation. The MARS regulation model enables users to define their
common workspace -arena, actors participating in the activity, roles as-
signed to the actors. interactions between actors and rules governing all
the objects in the arena and also in several ones. This paper proposes
a service to regulate groupware applications. The service implements a
language to describe social aspects. In order to validate our approach. a
prototype supporting the MARS model has been implemented.

1 Introduction

In Sociology. social regulation is the process which enables groups to create and
modify social rules controlling their individual and collective actions|5]. Regula-
tion enables people to describe how they wish to take part in the activity and the
minimal conditions of work’s execution: in other words, it enables people to cre-
ate, negotiate and apply rules controlling their collaborative activity. Regulation
does not imply a complete description of an activity, but rather a definition of
minimal rules, and personal rights and responsibilities, in order to improve the
group activity. Regulation inside a group changes during the activity. The rules
described at the begining of the activity can be modified like a natural process
of evolution of the activity; so, the work rules change along with the activity.

Activities group can be for instance: (a) communication with each other
in order to exchange their ideas or points of view, (b) sharing information or
their workspace and (c) coordinationof their activity (time. space and resources).
Nevetheless, we can observe that people collaborate in several activities at the
same time. For instance, members of a research team take part in meetings, in
projects, in paper writing, etc., so people take part in several arenas.

Nowadays, groupware tools supporting collaborative work enable users to
communicate, coordinate and cooperate in specific tasks [17, 8, 2.13]. Neverthe-
less, these tools rarely incorporate social activity aspects. Moreover. they do not
enable users 10 regulate their activity.
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We consider important to include a model activity in groupware applications.
So. it was proposed a new multi-arena regulation model [15,14]. This model
enables to describe activities in a single workspace and also in several ones.

On this paper we propose a regulation service for groupware tools. It en-
ables developers of groupware applications 1o create new regulated applications
from simple ones. This regulation service enables: to model several arenas and
to execute them according to the regulation. In order to validate our model
we implemented a software prototype. The prototype illustrates how a group-
ware application can be regulated, how end-users can describe and modify the
regulation during the activity and how the service applies the regulation.

The rest. of the paper is organized as follows. Section 2 surveys related work to
establish the context of our research. Section 3 describes the MARS regulation
model and its associated language. Section 4 presents a regulation service for
groupware applications. Section 5 introduces our experimental software proto-
type. Finally section 6 summarizes the contributions of this paper and introduce

some research directions.

2 Related Work

Differents works offer infrastructures allowing the introduction of some social
aspects in groupware tools, under the term "coordination policies" e.g. 7,4
11,12,16,10]. These policies enable to coordinate an activity in terms of access:
control to the production groupware space (private or shared workspace).

Even though, these systems offer the means to incorporate social aspects of
an activity work (participants, roles, policies, rights). However, social aspects are
defined at a low level of abstraction (coordination language). In order to enable
users to define their activity, we believe that it is necessary to provide them
with more powerful mechanisms to facilitate the definition of social aspects of
collaborative activities.

Moreover, the models proposed by these systems focus only coordination
aspects, rather than on the complete collaborative activity. For instance, the
role concept is used to control access to shared resources (production space).
For us, role is a collaboration concept: an actor in the activity has a particular
role in the group (e.g. leader, coordinator, etc.).

In the works previously cited social aspects are limited to activity coordina-
tion. We believe that a model for collaborative activities must allow the defini-
tion of the activity and its context, which means enabling users to define group
members taking part in the activity (their duties, rights and preferences), their
social role, tools to facilitate doing their activity, and naturally groupwork rules.
Including a complete model of the activity in groupware can aid end-users to
use them better and adopt them more easily.

Works like, Locales [6], CooLDA [1], SeeMe [9] as well as participation model
(PM) (3] propose activity models for groupware applications. These models are
founded in works in social sciences and they offer concepts enabling users to
define a group activity in a workspace. This workspace called, a "locale" (Worlds),
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"support of activity"(CooLDA) or "arena"(PM), represents the group's activity
and its context, i.e it has the activity components and it establishes necessary
conditions for the activity execution. On the other hand the purpose of SeeMe is

to support the early phases of developing concepts for socio-technical solutions
and to document them with diagrams.

All these works take into account the evolutionary aspect of a group activity.
Worlds and CooLDA are based on reflexive models to enable users to modify the

activity model in runtime. CooLDA and PM consider redefinition of the activity
as part of the activity itself.

An activity model must also make it possible to improve the design of group-
ware applications and, consequently allow users to better use them. Nevertheless,
Worlds and CooLDA do not consider social aspects of activities, like people en-
gagement in the activity and social work rules as PM does. Even though, the PM
offers a social regulation model of collaborative activity. none of them enables the

idea of "reusing" defined spaces in order to create more complex collaborative
spaces.

3 The MARS regulation model and associated language

In this section we present, the MARS Multi-Arena Regulation model |15]. This
mode] allows one to represent regulated group activities supported by groupware
tools. These regulated group activities can be carried out by members of a group
inside a collaborative space or in several ones.

3.1 Elementary concepts

A group activity is defined by interactions taking place in a collaborative space
called arena. The users executing interactions are called actors. An actor rep-
resents a person, a software agent or a group. Throughout an activity, the ac-
tors handle and produce objects, such as documents, files, notes, etc. A family
groups actors or objects having the same set of features (e.g. "writers", "read-
ers", "books", or "papers" families). During the activity. actors and objects plays
different roles, depending on the specific interaction they execute or take part.
For instance during the "writing" interaction an actor plays the "writer" role.
and the object handled in this interaction plays the "draft" role.

In order to regulate their activity, actors define scenarios for each interaction.
A scenario describes how an interaction is carried out (operations or interactions
that must be executed). who can participate in the interaction, and what objects
can be handle. The scenarios represent the social protocols taking place in the
arena.

In the following let A. O, R, S, Ax and Ox, be the sets of actors, objects,
roles, scenarios, actors family and objects family respectively, and a and 8 two
functions returning respectively the family of an actor or an object.
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3.2 Interaction, scenario and arena

An "interaction model" defines a regulated interaction inside the arena. It spec-
ifies all the families of actors and objects taking part in the interaction, roles
attributable to actors and objects during the interaction, and the scenarios de-

scribing how the interaction can be carry out.
Definition 1 (Interaction model.)
An interaction model is a tuple < ny, E,Ay,Of, Ry, Ss, ™, p >, where n; is the
name of the interaction, E is a set of interaction states, Ay C Ax, Oy C Oy,
R.CR.S.C S, n is arelation from Ay — R and p is a relation from Oy — R,
O

Let us imagine the model for the interaction "to publish some document"
defined as follows: < to Publish, {active, finished}, {manager, collaborators},
{paper, document, image), {publisher, published}, {scenario To Publish}, {(

manager publisher), (collaborator, publisher)}, {(paper, published)} >. This
model authorize "to Publish" interaction to "manager"” and "collaborators", it
Jimits the objects handled in this interaction to "papers", "images" and "docu-
ments", it defines the "publisher” role assigned to the "manager" and "collabora-

tors" and the "published" role assigned to "papers”, "images" and "documents".

1t specifies the "scenario To Publish" as the only scenario describing how this

interaction can be carried out.
An "interaction", represents an interaction in execution. An interaction must

always be according to an interaction model.

Definition 2 (Interaction.)

Given an interaction model < ny, E,As, Of, Rs,Ss, 7, p >, an interaction is a
tuple < nj,e, A, 0,s,0,w >. where, ny is the name of the interaction, e € E,
AC A andVa € Aa(a) € A;. O C O and Yo € OB(0) € Of, s € S,, 0 is a
relation from A — R,, and w 15 a relation from O — R.. O

An interaction representing the actor "carmen" publishing the "enc08" paper
in the "writing" arena could be the following: < toPublish,, active, carmen
!

enc08, scenarioTl oPublish,,(carmen, publisher), (enc08, published) >.
A "scenario" describes how an interaction can be executed.

Definition 3 (Scenario.)
A scenario 1s a tuple < ng, Pre, Pos, S, >. where ns 1s the name of the scenario,

Pre is a set of preconditions. Pos is a set of posconditions and S; C S. O

A scenario for the interaction "to publish a paper" is defined as follows:
< scenarioToPublish, {(paper, finished), (dateO fPublication< deadline)},
{(paper, published)} >. This scenario defines two preconditions. The first one
evaluates the role of the paper, in this case it must be "finished" in order to be
"published", and the second one evaluates the deadline. Finally, the poscondition

estiblishes for the paper the role of "published".

1 We identify in all our examples, actors, objects, roles, scenarios. interaction’s models
and interaction instances by their name.
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An arena defines a group activity, actors, objects, interaction model and
interactions.
Definition 4 (Arena.)

An arena is a tuple < ng,A,,O4, M,, 1, >, where ng is the name of the arena,

As € A, O, € O, M, is a set of interaction models and I, is a set of interactions.
O

An example of a writing arena is the following: < writingArena, {carmen,
luis}, {enc08, imagel, cscw07}, {toPublishIntM, toWriteIntM}, {toPublish,,
toWritez} > where writingArena is the name of the arena, "carmen" and "luis"
are the actors who can perform interactions in this arena, "enc08", "imagel" and
"escw07" are tha accesibles documents (for publishing or writing interactions),
"toPublishIntM" and "toWriteIntM" are the interaction models. the first one
for publishing interaction and the second one for writing interaction, and finally
"loPublish;" and "toWrite," are the running interactions.

3.3 View and Complex Arena

A collaborative activity is defined inside an arena. Nevertheless, members of a
work group collabortate with other groups or activities. So, people take part in
several activities in different spaces. i.e. several arenas. For instance the members
of a research team collaborate at the same time on projects, on writing articles
or documents, on the organization of conferences or work meetings, etc. Each of
these collaborative spaces is controlled by specific work rules.

(_,f\) View

Arena x

Fig. 1. Cooperation between arenas via the use of views.

A "view" defines, actors, objects and interactions that an arena can share
with another (See Fig. 1).
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Definition 5 (View.)
Given an arena < ng,As Os, Ms, 1« >, a view is a tuple < ng, Ay, Oy, my >
where ng is the name of the arena that produce the view, A, C A,, o; C 0’
and m, € M. O ’ = R
Let us imagine, that two arenas will cooperate to make their objects ac-
cessible to each other. The "libraryArena" produces a view with the objects
it will share with the "writingArena". The view defined by libraryArena is:
< {edgard,carm.en,luis}, {LNCS2527, javaBeans, groupwareAppiications}.
toBorrowlIntM >, where "toBorrowIntM" is the interaction that will be accw:
sible from the writeArena, "edgard", "carmen" and "luis" are the actors with
‘ing a book from the libraryArena, "LNCS2527", "jav-

the possibility of borrow
aBeans" and " groupwareApplications" are the books from libraryArena accesible

from the "writngArena".
Arenas importing remote objects from other arenas are called "complex are-

nas".

Definition 6 (Complex arena.)
Given an arena < nx,As, Osy Ms,1s > and a view < ny, Ay, Oy, m, >, a com-

plex arena is a tuple < nx, As U Avs Os U Oy, Ms Umy, Is >. O

The "writingArena" is an example of a complex arena because it imported re-
mote objects from the "libraryArena': < writingArena, {carmen, luis, edgard)
{enc08, cscw07, imagel, image2, LNCS52527, javaBeans, groupwareApplia;
tion}, {toPublishintM, toWriteIntM}, {toPublish;, toWrites} >.

3.4 Arena and view operators

The arenas evolve according to the creation and the execution of interactions
For this reason. we defined operators which allow to manage arena and viev\:
objects. Each of these operators ensures the passage of an arena or a view from
one coherent state to another, always respecting the arena regulation.

Table 1. Operators enabling the addition and deletion of actors, objects, interactions
and model interactions to/from arenas.

Operator Enter Exit

addActor (E,a) E'=(n,AlJ{a},0,1,M)
deleteActor (E,a) E'=(n,A—{a},0,1,M)
addRobject (E,0) E'= (n, A,0U{o}, 1, M)
deleteRobject (E,0) E'= (n,A,O0 —{o},1,M)
addModellnt (E,m) E' =ng, A, 0,1, M| J{m})
deleteModellnt (E,m) E' = (ng,A,0,I,M — {m})
addInteraction (E,i) E'= (ng,A,0,I1Ji, M)
addInteraction (E,i) E’' = (ng,A,0,1—{i}, M)
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Table 1 summarizes the operations to allow adding and removing actors, ob-
jects, interaction models and interactions to/from an arena. For instance, for a
given arena E =< n,A,0,] > where: n, is the identifier of the arena, "A" is
the set of actors, "O" the set. of objects, "I" the set interactions and "M" the
set of model interaction, the arena resulting afier applying the operator "addAc-
tor(E,a)", is E' =< n, AJ{a}, 0,1, M). The operation "addActor" verifies that
the family of the actor 1o be added is defined in the arena.

We defined two operations to enable to cooperate arenas. These operators
allow them to share their objects by export and import views.

Operator 1 (Export View.)
Given an arena E =< n,A,0,I,M >, a set A, C A, a set O, €C O and a

set M, C M, the result of ExportView(n,A,, Oy, M,), is the following view
V =<n,A,,0,, M, >.0

Table 2. Operators enabling the addition and deletion of actors, objects and model
interactions to/from views.

Operator Enter Exit

addViewActor (Via) V' = (n,A|J{a},0)
deleteViewActor (V,a) V'=(n,A- {a},0)
addViewRobject  (V,0) V' =(n,A,0{0})
deleteViewRobject (V,0) V' = (n,A,0 - {0})

addViewModellnt  (V,m) V4 = (n, A,0, My |J{m})
deleteViewModellnt (V,m) Vp = (n, 4,0, My — {m})

Table 2 summarizes the operations to allow adding and removing actors,
objects and interaction models to/from a view. For instance, for a given view
V =< n,A,O,M >, where: "n" is the identifier of the view, "A" is the set of
actors to be exported. "o" is the set of objects and "M" is the set of interaction
models, the view resulting after applying the operator "addViewActor(V,a)" is
V' =< n,A|J{a},O0,M) >
Operator 2 (Import View.)

Given an arena E =< n,, A,0,I,M >, and a viewV = (ny, Ay, Oy, M), the re-
sult of ImportView(E,V) is an arena E' =< n,, A|JA,,OJO,,I,M|JM, >.
O

Consider the following "writing arena": writingArena =< {carmen, luis},
{enc08paper}, {toWriteMInt,toReviewM Int}, {toWrite;, toWrites} >. This
arena defines an space for joint paper’s writing. Inside this arena, "carmen"
and "luis" can "write" and "review" a paper for the Enc2008. Now, we want to
enable these actors to access the univertisty library, in order to ease the paper’s
documentation.
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For that. the "librarvArena" exports a view (with actors, objects and inter-
action) to the "writing arena". as the following: EzportView =< libraryArena
{carmen. luis. edgard}, {cscw02, LN CS2517, criwg05}, toBorrowIntM1 >j
The operation ImportView adds to the "writing arena" the objects of the
library’s view. The new "writing arena" is: < writingArena, {carmen,luis
edgard}, {enc08paper, cscw02, LNSC2527, criwg05}, {toWriteM Int, toReview

M Int, toBorrowMInt}, {toWrite;, oW riteg} >.
As we can see, in a multi-arena context, arenas have "local" and "remote"

objects. So, in order to enable arenas handling with remote objects a propagation
of operators is then necessary. We identified several constraints that must be
satisfied during the application of the operators in order to ensure coherence

between arenas [14].

3.5 Collaborative Regulation Language: CoRaL

scenarios with the MARS model a language named CoRaL
ember that a scenario defines how an interaction can be
hrough pre and pos conditions: i) who can participate in
be manipulated, iii) what role has an actor
iv) has references to another

In order to describe
was proposed. Rem
execute, it specifies t
the interaction, ii) what objetcs can
or object during the interaction and in same cases

scenarios.
Let be E, the set of all stri

of actors and objects, roles an
syntax of CoRaL lenguage in BNF notation.

ngs representing names of: arenas, actor, families
d interactions. In the following we describe the

= <expression> <operator> <expession> ";"

<statement> ::
<egpression>::= <keyword> n.{"<elements> "}"
<expression>::= | <keyword> n.{ "<elements>"}"

<operator>::= :: /->
<keyword>::= "Arena " | "Interaction” [ "Actor" | "Actor family" |
"Object family" | "Object " | "Role"

<element>::= any string on E

In CoRaL a "statement" describes pre and pos conditions. A "statement"
is formed by two expressions and an operator. The operator ":" is used to
represent preconditions and the operator "->" is used to represent posconditions.
An "expresion" is formed by a "keyword" and "element", where the "keyword"
is a string identifing a component of the model (e.g. Arena, Interaction or‘ Actor)
and the "element" is a string representing an identifier of E elements (e.g. "to
Publish" or "carmen").

For instance, the precondition Actor:{"carmen "} ::Arena:{"writingArena"},
states that carmen must be defined as an actor in the arena, in order to ex-
ecute an interaction inside the "writingArena" arena.
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4 Regulation service

In order to regulate a groupware aplication we introduce a regulation service
based on the generic regulated architecture proposed on [14]. This architecture
proposes the construction of a regulated collaborative application from two com-
ponents: the component application and the regulation’s component (See Fig. 2).
At the application layver we observe the functions of the groupware applications
on regulated way and at the regulation laver are described the collaboration
spaces (arenas) and rules associated to all the possible interactions (scenarios).
Whenever a user invoke a function, a request to the service of regulation is car-
ried out. At the regulation layer the rules are verified and the corresponding
scenario is executed.

The regulation service is composed by four components: (i) arena manager,
(i) CoRaL parser, (iii) regulation engine and (iv) regulation observer.

Adjusting groupware
application with component
of regulation

Administrator

'

e 3

Regulation ) ¥ ¢ nuare >
Layer  Developer
Sﬁa""ﬂnc%
Define regulation
Request Responsi
Application e 1 i
Layer  Final User Regulated Groupware Applicatlon.; -‘

Lse

Fig. 2. Regulation service for groupware applications.

— Arena manager: Through this component it is possible to define regulation
elements such as: arenas in simple or complex form, actors participating on
arenas, family of actors/objects, interaction models and views. It includes
funtions to add/delete/update elements inside arenas. It also allows to de-
scribe scenarios for interactions. The scenario includes, the actor participat-
ing on the interaction, the roles asigned to the actors and the sequence of
individual actions executed by actors.
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— CoRaL parser: The parser verifies that the scenarios described for each
interaction are lexically and syntactically correct. The parser acts by request

of the regulation engine or the arena manager.
Regulation engine: The engine creates, deletes, up-dates and executes

interactions according to the scenarios described using CoRaL. For that, it
applies operators defined on section 3. So, it must verify the origin of the
objects taking part in the interaction in order to know what regulation need
to be applied (local or remote). If the interaction concerns remote objects,
the regulation engine must send the interaction to the other arena and in

the other arena it must apply its own regulation.
Regulation observer: This component implements an observer of all the

actions executed inside the arenas according to the rules established by the
actors. It could be a software agent that can propose new rules for the group
activity based on its observation and analysis.

5 Prototype

In order to demostrate the feasibility of our approach, we developed a prototype

implementing the MARS model. This prototype was developed with the Mi-
crosoft .Net Framework 2.0 and works with he 11S Web server and SQL Server
Express. The regulation service was implemented using a MVS architecture.
This regulation service was proved on a groupware application developed at the
Faculty of Computer Science of the University of Veracruz. This application,
named GroupwareFei. offers tools for communication, coordination and coop-
eration such as: chat, forum, group agenda and space to share documents. It
also offers functions to allow users to create a group and to add/delete group

members (See Fig. 3).

In order to regulate the application it was necessary: i) to identify the func-
tions of the application to be regulated, ii) to adapt the application in order to
request the regulation service and iii) to define the scenarios using CoRAL.

5.1 Idetifying functions and adapting the application

The functionalities idetified were "to create a group", "to modify a group", "to
share a document", "to communicate using chat", "to send messages to a group
or a partner" and "to use a group agenda". Each one was associated to the
regulation service in order to define the regulation model i.e the arena and all
its elements. For instance, the function "to create a group" was associated to
the operation "create arena". The association is specifiedt by developers.

5.2 Defining scenarios

The arena manager offers an interface that allows the creation of all the instances
of the regulation model and the definition of the scenarios. Both actions are car-
ried out by end-users. The instanciation of the regulation model is representing
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Fig. 3. Regulated GroupwareFei application.

internally using XML. In Fig. 4 it is possible to observe the definition of a "writ-
ing arena". It contains families of actors, actors partcipating inside the arena.
objects, roles assigned to actors and objects, interactions and the scenarios.

The parser validates the scenarios described by the users. The scenarios must
be described according to the elements of the arena. For instance, in the following
we describe some preconditions of a particular scenario:

1. Actor family:"manager" -> Interaction:"to Publish™;
2. Actor family: "collaborator" -> !Inieraction:"to Publish";
3. Actor family: "visitor" -> !Interaction: "to Publish";

We observe that the possibility to publish a document is only defined for the
"manager".

5.3 Execution of the regulated application

The regulation engine is called by the application when a functionality is exe-
cuted. This engine (i) verifies the interaction associated to the functionality in
the regulation model, (ii) verifies the elements associated to the interaction and
(iii) execute the scenario. The end-users execute the application according to
the group rules, they can modify the elements of the arena. For instance: to add
/delete an actor, to modifyv a scenario, to change roles, ete.
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ena idarena="1" iasocenario="2" name="
ame="Writing Arens "> ScenarioToPublisk - >
< ActorsFRef >
< ActorsF® « ActorFRef idactorf="1">
<ActorF idactorf="1" < ActorFRef idactorf==2">
lname=" Administrator = /> < ActorFRef
</ActorF> jdactorf =" 3" >
< Actors > < sActorsFRef >
<Actor idactor =17 <ActorsRefl >
jidactorf=" 1" name="luis” /> <ActorRef idactor="1"/>
</Ahctors>? <ActorRef idactor="2"/>
<bjects> </ActorsRef >
<(bject idobj="1" <Rolesictancial>
p-e-’Archim') <Rolictancial
< /Objects> idroleact="1" name="
<Scenarios> To Publish = />
<Scenaric ids mario":l: > <Rolesictancial/>
<Scepario idscenario="2" /> </ Interaction>
</Scenarios> </ Interactions>
< Interactions> <Arena>
<Interaction idinteraction ="4"

Fig. 4. Definition of an arena for GroupwareFeiUV

6 Conclusions

Regulation is a natural social aspect of collaboration. In order to collaborate,
people need to establish minimal rules, personal rights, preferences, availabilities
and responsibilities in order to carry out their activity. Nevertheless, groupware
tools rarely incorporate regulation. We believe, that if groupware applications
are designed to support group activities, they must consider the model of this
activity. This has two advantages: on the one hand, it make easy to developers
the imi)lementation of these applications and, on the other hand, it enables end-

users to better adapt and use them.
This paper proposed a regulation service based on MARS, a multi-arena
regulation model. This model enables to define the necessary interactions to carry

out an activity in a single arena, but also it enables to define interactions taking
place in several arenas. In order to develop regulated groupware applications, is
also proposed an architecture composed by a regulation and aplication laver.

In order to validate our approach, we implemented a .net-based prototype.
This prototype implements the multi-arena regulation model and controls the
execution of interactions according to arena regulation. It allows to model the
functions of the groupware applications in terms of interactions, to instaciate
the regulation model and to describe scenarios for interactios. Developers adapt
the functions of the application and end-users instanciate the model and define
the scenarios. In this prototype the regulation service only includes the arena
manager, the CoRaL parser and the regulation engine.

We observe that interaction can play an active role on the activity, so we
explore the possibility to incorpore MAS technology not only for interaction but
also for modelling the regulation observer. Our future work includes also mod-
elling scenarios in a more detailed way in order to regulate complex interactions.
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Abstract. Workflow systems had evolved to offer greater functionalities that
could satisfy the organizations’ needs and requirements, actually also taking
advantage of the spatial information that can be taken from geographic
information systems. with the benefits that this entails. However, new
tendencies from government agencies’ in some countries, such as Mexico, have
sought the inclusion of open source software applications to perform their
activities, appearing the problem that workflow systems that incorporate geo-
referential information are expensive. This paper presents a comparison
between different open source workflow sysiems: from them. Bonita workflow
was selected to be modified to integrate into it the use of geographic
information within the modeling process. describing the followed steps to
modify the ProEd process definition tool. for the incorporation of a map viewer
inside the executable process of the system. Finally, the advantages of
incorporating geographic information in a workflow system focused on e-
Government processes are discussed.

Keywords: Distributed systems, workflow management., Web application.
Geographic Information System.

1 Introduction

The workflow systems had searched automation of the politics and procedures from
business processes. associating people and work groups to the activities, for the
management of the works and activities 1o be realized in an organization, making with
this the possible the cooperation among different people and groups. Therefore. the
incorporation of a workflow system inside enterprise and institutions for their process
management has repercussions in the service and attention to the client, and in the
efficacy and productivity they have in their activities. due to the speed up of the
transactions and the control over the managed data. The grown of an enterprise is a
key element in respect 1o the competitiveness against others in the business market,
independently of the referred sector.

These types of systems had improved their characteristics in order to satisfy the
actual organizational requests and necessities: between the more remarkable claims
are: Web access. a graphic modeling for the business processes, distributed
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architectures, standards adoption that guarantee the interoperability between diverse
applications, etc.

Another really important characteristic didn’t previously mentioned and that is
relevant for the purposes of this article, is related to the functionality need of the
workflow systems to include a geographic information support. This necessity could
be covered through the integration of the functionalities available by the now so
popular geographic information systems (GIS).

The relevance of using geographic information relays in the manner of represent
the information with higher level of detail. bringing more elements to the person in
charge for a more confident decision taking: with the traditional workflow systems,

this wasn’t enough feasible.
An example of a sector which had taken advantage of the workflow sysiems

related to geographic information, is the cadastre of the government agencies, this is
due 1o most of the transactions realized inside them need to incorporate the use of
maps and sketches.

This last, in conjunction with the actual government necessities about dispose a
system that allows 1o manage their process. with the goal of enhance the attention 1o
the users. and at the same time trying to fulfill with the objectives of different
austerity edicts (such as minimize costs related to software acquisition, material
resources and stationery) have propitiated the development of this investigation.

According with the organization activity profile, the kind of procedures and
information used and managed should vary, so some organizations must require the
manipulation of geo-referential information (e.g. as the ones that requires to use and
show a map to define a point of interest, or as a reference) in one or more different
activities that compose a process.

A problem presented in this type of processes is that they can’t be modeled by the
majority of the actual workflow systems, because in general, they don’t consider an
interaction with components of geo-spatial services during the modeling phase, nor in
the final Web application generated; meanwhile, the workflow systems that consider
such characteristics, in fact are expensive and focused to particular activities, without
the chance to modify or adopt them to the particular necessities of an organization.

This situation causes a minimum or also null automation of the processes that are
needed and implemented inside the enterprises, generating: show or bad customer
services, delays in the response times for requests and solicitudes, development of
expensive ad-hoc systems and low scalability in the management of their procedures,
excessive time consumption to modify (if possible) the part of the system that controls
a specific procedure, etc.

In the present paper the integration of geo-referential information functionality
inside an open source workflow system for e-government processes is presented. For
the modeling of processes that involve geo-referential information, are presented the
steps that have been followed 1o modify an open source 1oo] that haves a form editor,
and the adding of the necessary components for the handling of geo-referential
information. So in this way, a workflow system that considers geo-spatial data could
help in reality for a better decision-taking.

The sections of this article are distributed as next: section Il addresses the
problematic that motivates the perform of this project; to establish a context of the
technologies implicated in this, an introduction about the geographic information
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systems, the workflow systems and e-government. are presented in sections 111, IV
and V, respectively.

Section VI presents some examples of workflow system for particular applications
that have some integration with geographic information systems. Section VII presents

some representative workflow editors, their characteristics and a comparative between
them.

The overall process 1o realize the implementation of the project proposed to solve

the identified problem is described in section VII1. Finally, conclusions related are
presented in section IX.

2 Workflow Situation in Government Dependencies

Some organizations such as government dependencies need 10 achieve their
transactions and negotiations using geographical information (geo-referential data), as
part of the information needed to accomplish a service request, being this the basis
over that the decision taking to accept or reject a request is made, for example,
construction licenses procedures, water intake request and outflow reports, among
others. Studies as [1] shows the relevance of integrating geographic information
systems in e-Government activities, as well as the social and political characteristics
that must be taking into account for this kind of developments.

With the recent tendencies that have been occurred inside this kind of
organizations, where the maximum reduction of costs is wanted in which is referred
to software acquisition, it has been opted to adopt open source solutions (such as GIS
works as [2] or workflow ones as [3] or [4]). being desirable not only specific-work
frameworks but also to count with workflow systems that have under such
characteristics the combine and manipulation of geo-referential data.

Meanwhile, comparatives between workflows such as [5] are made 10 compare the
characteristics and benefits among these systems, that can help in the definition of
workflow processes. such as in the case of e-government ones.

The problem is that the few systems which let process this kind of information are
expensive because of the acquisition and payment of software licenses, meanwhile on
the other hand, the open source workflow systems don’t consider the use of
information of this nature, or they do it in a restrictive way.

As a direct consequence, this type of processes can’t be modeled with the actual
open source workflow systems, having consequences this in a few or null automation
of the transactions offered by this organizations, causing among other situations: a
bad customer service, delays on the response times 10 a request, expensive ad-hoc
systems development which would result with a Jow scalability for the procedure
management, as well as an excessive time consumption to modify and give
maintenance 1o the system that controls the process.

Some works have presented the integration of geographic information for e-
government activities, such as cadastre (i.e. Online Cadastre Portal [6]) or
maintenance of public road (i.e. Road maintenance management system, RMMS, [_7]),
among others; but these had been in the majority of the cases ad-hoc implementations
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that search solving for specific problems, and that are not focused on the integration

of open standards.
Because of the consideration of the previous reasons, this paper propose to modify

an open source 100l for process definition, which integrates the necessary components
1o the workflow system architecture, with the purpose of being able to model business
processes which includes the use of geo-referential information.

In next sections are presented a brief overview of the geographic information
systems and its use, as well as a description of the workflow systems, being the
understanding of these systems the basis for the geographic information use inside a

workflow system.

3 Geographic Information System (GIS)

A Geographic Information System (GIS) according to 1 is a system for the
management, analysis and visualization of geographic knowledge, structured in
different information sets, such as: interactive maps, geographic data, geo-processing
models, data models and metadata, where the interactive maps provide an interactive
vision of the geographic information, giving to the user the necessary tools for the

interaction with this information.
In 8 is mentioned that a GIS is conformed by the following components:

1) Hardware equipment. This is the computer hardware in which the geographic
information system operates; it is composed by general use equipment and

specialized one.
2) Software. These are the set of functions and software tools that are used to

analyze, store and display the geographic information. Between these are founded
the database management system (DBMS), the graphic user interface, tools for
data input and data manipulation, tools for geographic search, analysis and
visualization.

3) Data. The most important part of a GIS. The system is in charge of integrating
spatial data with other data resources and even it can utilize the most common
database managers to administrate the geographic information.

4) Human resource. This refers to the personal who operate, manage and develop
over the system. and that are also responsible for accomplish the decision taking.

5) Procedures. A geographic information system operates according a well
structured plan, with clear rules, such as the models and operative practices

features of each organization.

Those components let process and display the geographic information in a digital
way, generating outputs according to the necessities of each different user group.

A GIS has a variety of different applications, as the ones mentioned in 10 and 11,
highlighting among them: installations management, cadastre, urban design, transport
services, geographic marketing, natural resources management, civil protection
works, archaeological deposit studies, scientific research, education, automated
cartography, territorial management, social equipment, digger resources, transit
engineering, demographic studies, planimetry, 3D digital cartography, among others.
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The use of geographic information can complement a variety of aspects for the
model making of work flows, in the cases where the use of this kind of information be

primordial, it’s because this that it’s necessary 1o know the characteristics and the
components that conform a workflow system.

4 Workflow Systems

The Workflow Management Coalition (WfMC) is an international organization who
has developed standards for workflow systems. which have been used for the
communication between the components of a system. It’s in this way that the

workflow systems that adopt this standardization are available to interoperate between
them.

A workflow system, according to the WIMC 11 is defined as: “4 system that
defines, creates and manages the execution of workflows through the use of software,
running on one or more workflow engines, which is able to interpret the process

definition, interact with workflow participants and, where required, invoke the use of
IT 100ls and applications™.

4.1 Reference Model

This organization had published a reference model [13] that specifies a framework for
the workflow systems, identifying their characteristics functions and interfaces.

In Fig. 1 is shown the interfaces and components that can be found in a workflow
system architecture.

Those components are described next:

Process Definition Tool. It is used 1o create a description about the processes in a
resolvable computer way. This 100l can be based in a language for formal process
definition, in an interaction model between objects or only by a set of rutted rules for
information transfer between the participants [14].

Workflow Engine. The workflow engine is software that provides the control for the
executable environment for an instance of the workflow. Commonly, it provides
facilities to: interpretation of the process definition, maintain control for the instances
of the processes: create, activate or finish them, among others; to let navigation across
the workflow activities, to bring up support for the user interaction, to let the user
controls the data and applications and to summon external applications [15].

Workflow Service Represeniation. This is used for the interpretation of the process
description and it is in charge of the control of the different instances of them, the
establishment of the activities sequence, the adding of elements to the task user
schedule, and for the invocation of necessary applications. All these tasks are made
for one or more workflow engines, which are responsible for the management of the
execution for the different instances of a group of process.
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Fig. 1. Workflow reference model - components & interfaces.

Applications

Worlkflow Application Program Interface (WAPI). The WAPI can be sought has a set
of API's (Application Program Interface) and functions for data interchanging,
supported by the workflow representation service; these lets the interaction between
the workflow representation service with other resources and applications.

It’s important to denote that the open source workflow systems, in general, have
adopted the reference model previously described. The next section describes some
popular systems that incorporate the functionality of the geographic information
systems together with workflow systems.

5 e-Government

The e-Government approaches let the citizens be informed, in a regional, state or
federal scope, giving them access 10 a variety of services offered in a digital way. This
can also be used by the Government as a way 1o guarantee and take advantage of the
information accessed and its use.

Between the advantages of the government digitalization, is the transparency and
speed up of different processes, as tax declarations, licensing requests, passports or
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any transaction, making use of the actual information technologies, in an integrated
process of continuous innovation.

The characteristics that an e-Government project must consider, includes: that it be
open, according to the international Internet standards, totally oriented to the society,

- integrating the different government services in their business and jurisdiction
processes towards a complete integrated system.
Four main kinds of activities take place in these systems [16]:
— Show information on Internet: notifications, regulatory services, holidays,
etc.

A two-way communication environment, in cases between the government
agency and the citizen, a business or also another agency.

— Conducting transactions, e.g. conducting services and grants.

— And for governance, like in the voting and electoral campaigning.

Actually, some countries’ government has been adopting open source software, as
alternatives against proprietary software, in a way 10 minimize costs and to take more
control over the applications, being possible 1o adapt them to the particular
governmental necessities.

It’s because this that is necessary to adapt and implement the necessary changes of
the existing platforms, in order to give them a higher functionality, according to the
newest and increasing necessities of the society, as is the case of the use and
integration of geospatial information in some agencies’ transactions.

6 Workflow Systems Integration with GIS: Representative
Examples

6.1 GeoPISTA

GeoPISTA [17] is a territorial information system used in city halls; it lets implement
the necessary functionalities for the territorial management: urban planning, cadastre,
habitant census, contaminant activities, patrimony, infrastructures, activity licensing,
urban guides, etc.

It lets elaborate small processes or work flows (such as user control,
documentation flow, date management, etc.) and also lets control the documentation
and/or observation storage generated by any element from the application [18]. It has
been programmed in Java, characterizing the application as a multiplatform one.

GeoPISTA Components:
In [19] are mentioned four different elements that integrate GeoPista’s structure:
databases, data servers, GIS clients and modules, described next: _

1) Data server. It works with the PostgreSQL database management system, using
the PostGIS extension, used to handle with the geographic information. Thp
database is structured according to a predefined model for each application ambit
(infrastructures, referente information, patrimony, etc.) and over such model the
rest of the applications are supported.
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2) Internal basic services. The cartography administrator is in charge of present the
geographic information in the form of maps, as well as 1o manage the users with
different permissions and has the task to resolve concurrency problems of data
access. On the other hand, the map server lets publish geographic information on
Internet.

3) Clients. They let the user to navigate across the geographic information, to make
queries over this and to analyze it, to edit the data and also print maps.
GeoPISTA lets connect some common commercial solution GIS (ArcGis,
MicroStation and AutoCAD) with its system. ‘

4) Specific modules. A set of modules that brings assistance in the municipal
management, in such scenarios as urban planning, construction licensing
procedures, infrastructures, contaminant activities inspection, among others.

6.2 The Dorado

The Dorado [20] is a digger concession sysiem, which has as objective to make a
more efficient activities management, from a request income until the granting and
posterior following of the audition step.

Dorado Component Architecture
The system is based on a client/server environment for the data management, from

the spatial data to the administrative processes. It lets the manipulation of information
external 1o the system in a transparent and automatic way for the integration between
the application and the operative system.

The processes coordination is through the use of the M&B Process product. The
management of the spatial data model uses development applications under
MapObjects (ESRI) object libraries.

Functionalities
The system is divided in five modules, which are described next:

1) Client attention module. It provides tools that let administrate and coordinate all
the requests that income from the public, in general, or by the digger business
customers.

2) Arrangement module. It Jets income and validate the taxes of the requests, the
work assignation between the different functionaries and to take control of the
time that spends each process. The spatial component fulfills with the functions
of cadastre actualization, including spatial validations, as much as in the incomes
in the areas as well as in the technical evaluation processes.

3) Audition module. It lets register, follow and evaluate the activities of daggering
exploration and exploitation. It manages the control of concessions and the
administration for gold, diamonds and precious jewels merchants; also, it covers
the related 1o taxes, penalties and digger rights extinction.

4) Executive statistic information module. It presents the business information to
the ministry high directive.

5) Maintenance module. It provides tools that give support 1o the system
processes, such as the actualization of information and the management of the
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multi-user platform of the spatial data: it also lets have process for a massive data
charge used for the actualization for cadastre data.

6.3 ArcCadastre

ArcCadastre [21] is a system for the management of cadastre and geographic

information, such as the map generation based on GIS systems; it manages cadastre
measurements and field information.

It has been developed in cooperation with ESRI Inc. and is based in the following
platforms:

- ArcGIS
— Survey Analyst (used for planimetry and calculus functions).

= ME Objects, de Safe Software Inc., utilized to import and export data in
different file types.

The activities are managed and monitored within help of a work flow; the easiest
of them is a control list, meanwhile another form Jends the user through the different
steps in a hierarchical order. The most complicated flows requires more
personalization, this is obtained through programming modifications with VB or C++.
The information is stored in geographic databases. ArcCadastre gives support 1o store

information in many databases managers, such as MS Access, Oracle, IBM, Informix
and the Microsoft ones.

7 Workflow Open Source Systems

7.1 Workflows Standardized under the WIMC Model

JaWE / Shark. JaWE (Java Workflow Editor) is a graphical editor of workflow
processes, based on Java and XML, and is compatible with the WfMC specifications.
It works with the XPDL processes definition Janguage (XML Process Definition
Language) 12.

Shark is a workflow engine based on the WIMC and OMG (Object Management
Group) specifications. It uses the XPDL definition process Janguage, and can be used
in different environments such as a Web application or swing applications. and can be
installed as a CORBA service or it can be accessed by client applications through
CORBA ORB or by an EJB container [23].

Bonita. Bonita workflow 24 accomplishes with the WIMC reference model
specifications 13. 1t is developed according with the J2EE specification, it’s
distributed under a LGPL license and it uses the XPDL process definition language.

It uses JOnAS application server (Java Open Application Server) 25, which is
developed also under the J2EE specifications. It's in charge of the security
management and the messaging with other services.
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Bonita’s environment is based over the Web. so it can be accessed through any

Web browser.
To realize the process model is used the ProEd process definition tool, which is

incorporated in Bonita. The modeled process is stored in XPDL format, which will be
interpreted by the workflow engine.

7.2 Workflows non-Standarized under WIMC Model

JBoss jBPM. JBoss jJBPM is interoperable with all the integration technologies based
on J2EE, such as Web services, Java messaging, J2EE, JDBC (Java Database

Connectivity) and EJBs (Enterprise JavaBeans) connectors [26].

The main components of this tool are:

— jbpm-server. A preconfigured JBoss application Server.

— jbpm-designer. An Eclipse plugin for process modeling in a graphical way. It
provides a program mode] oriented to process with jJPDL process definition
Janguage jPDL (jJBOSS Process Definition Language).

— jbpm-db. A compatibility package for the database. JBoss jBPM can be
configured with databases as: Oracle, MySQL, Hypersonic SQL,
PostgreSQL, among others, and can be implemented over any application
Server.

— jbpm. Component developed under Java (J2SE) for the process management
definitions and the execution environment for the running of the process

instances.

Intalio. Imalio is an open source system for the business process management; it
accomplishes with the J2EE specification and is developed under a MPL license
(Mozilla Public License). It utilizes the BPEL language (Business Process Execution
Language), it generates Web services and includes a rule engine and a Web user
interface 27.

The definition processes tool used is a development environment based over
Eclipse; it lets that a BPMN model (Business Process Modeling Notation) can be
converted to an executable process, without writing code, this can be achieved
through a combination of proprietary generating code algorithms.

Workflow Systems Comparative

Table 1 shows a comparative between the previously described workflow systems. In
this, are evaluated the following aspects: W{MC model] adoption, Web based user
interface, if it counts with a definition process tool based on a Web application, if it
incorporates a formulary editor, the process definition languages supported. if it is
implemented under the J2EE specification, and the type of distribution license it has.

The following characteristics were considered for a integration between a
workflow system with a GIS:

WIMC model adoption. The proposed model by the WIMC establish a set of
interfaces that lets an interaction between the components of a workflow system, one
of them (interface 3, from the Fig. 1) allows the communication with external
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systems, being a crucial point for the developers of a project if the functionalities of a
GIS are wished 10 be used inside a workflow system.

Form editor. This point refers 1o the characteristic about if a 100] used for process
modeling incorporates a form editor, which be used to define and manipulate the
forms. This kind of component is necessary to take into account, because for a
integration with a GIS is necessary 1o add 1o the forms a special class of data type: a
geo-spatial data component.

Database interoperability. The workflow interoperability with different database
managers is a relevant characteristic 10 be considered, due mainly because the geo-
spatial information used 1o reference a geographic place or zone must be stored into a
manager that supports this special kind of data.

License. The type of license of distribution for a workflow system should be
considered, due that if the selected tool is going 1o be modified, is necessary to get the
source code, as well as the freedom 1o make the appropriate changes to workflow’s
components.

The relevant characteristics that were taken into account for the study case of this
paper were:

Web client. The workflow system must incorporate a web client or a Web process
manager console, with the purpose that this can be acceded from the majority of the
clients.

Web modeling. It is needed that the tool proportioned by the workflow system
could also be acceded via Web.

Process definition language. The language used for the process definition must be
a standardized language, because it needs 1o be mnterpreted by other workflow
engines, towards an interoperation between different systems that could collaborate
between them.

Adoption of the J2EE specification. The J2EE specification defines the
guidelines for the development of multilayer distributed systems, making this
characteristic desirable in a workflow, as a evaluation criteria.

Table 1. Open source workflow systems comparative.
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As can be seen in the previous table. the workflow system that more satisfies the
previously explained requirements is Bonita workflow: Bonita also provides a set of
mechanisms called hooks. which let connecting this workflow system with external
systems. These mechanisms were provided thanks to the adoption of the WIMC

reference model.

8 Solution Method

To visualize the benefits that involves the implantation of the presented workflow
system, one practical example are the governmental dependencies, in which the most
of the paperwork and procedures that are offered to the citizens. that imply the use of
geo-spatial data. such as the ones that requires the use of maps or sketches 1o set the
specific location of a required service: examples of this type of procedures are:
requirements for construction licenses, water inlets, water leak. among others.

The existing problem in these dependencies is the way in which the procedures for
the services are realized. mainly because at the moment of making the registration of
a request. this is usually filled by hand. and afier this, it is assigned to the respective
personal in charge for the following of that request. The previous situation causes an
inaccuracy in the information proportioned by a user, when defining the geographic
location of the required service: also the high consumption of stationer resources,
caused by filling errors, by the number of realized requests, the accidental lose of
requests. delayed delivery in the request’s responses, bottle necks, among others.

To solve this problematic (briefly described in section 1I), the following solution

method was developed:

8.1 Workflow Open Source System Analysis

For this activity. it had been developed an analysis about the main open source
workflow systems. which are available through Internet. The analysis results are

presented in section 7.
Considering the previous evaluation, the Bonita workflow was selected to be

modified with the pertinent changes with the purpose of integrating into it the
necessary modules for geographic information functionality and process.

8.2 Bonita Workflow Analysis

The Bonita workflow administrative console is named jiapAdmin, which is a Web

application developed using JSP (Java Server Pages) in which are managed the basic

system configurations and the process management. It handles four different user

roles, described next:

1) Administrator. Jt is in charge of modifying the basic data configuration of the
workflow engine, for the users administration and their configuration. It is the

user with higher privileges.
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2) Designer. It can access 10 the process administrator to create or modify processes
models using the ProEd workflow editor. It can manage the process models (such
as import different process in XPDL format or erase process).

3) Operator: It is in charge of establish user preferences, display, refold or stan
process, finish process instances, access to information about the process
instances, start. finish or cancel an activity in a specific instance, configure and
bring access 1o the logs and process instances historical.

4) User. It is the user with less privilege, its activities are focused in starting
workflow process. he can stan, stop and cancel activities and display the finished
activities which are still visible.

JiapAdmin communicates with the workflow engine through the APIs provided by
Bonita.

Architecture
Bonita workflow architecture is presented in Fig. 2, in this can be identified the two
principal components of it: the ProEd process editor and the workflow engine.

The first component is the ProEd definition process tool (Process Editor), which
was developed using java language. It lets make models in a graphic way, using the
BPMN standard (Business Process Modeling Notation). It saves the model processes
in XPDL format.

ProEd incorporates a formulary generator called xformeditor, which is based on
XForms, a markup language for Web formularies that separates the data from the
logic of the presentation.

The second component is the workflow engine. which is executed over JOnAS
application server: This one is in charge of bring the necessary components (Web
container, EJB container. message services, security. etc.) to give support to the logic
business and data access functions.

Bonita workflow incorporates three APIs. with through them, other applications. as
jiapAdmin can interact with the workflow engine. These APIs are described next:

= User’s APL It provides total control over the process in execution, for
example, to start or finish an activity. It can retrieve automatically the
identity of a user in the context of the J2EE security.

—  User registry APL It lets create and modify the user properties inside Bonita
system.

— Project APL It incorporates functions necessary to define a workflow
process, such as the creation of activities, transitions. roles, actions. elc.

According 1o the realized functions, the APls can call to the following beans,
which are situated in the EJB container:

=  User session register. It provides an interface that is used to user creation and
management, as well as groups creation.

— Project session. 11 provides an interface used to process creation, node
(activities) and edges (transitions) definitions. and for properties listing and
modifications.

— User session. It implements commands and petitions related to: user’s
projects, lists of task 10 do, execution of activities, start/finish/cancel process
commands.
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— Engine session bean. It implements the states machine and controls the
processes executions.

— Container Manager Persistence (CMP). It matches the fields from Bonita 10
their respective table inside the database.

XPDL session. Module that analyses a XPDL file. During the analysis
process of the XPDL file. the module calls directly to the session project
bean of the API. In fact. this task will call a java client, which wills carry out
a call to the XPDL session bean, responsible of the analysis and interaction
with Bonita’s API [29].

—  Message controller. It implements the notification of the changes in the
definition and execution inside a workflow process. Each user interaction is
notified to Bonita's nucleus and a JMS (Java Message Service) event is
Jaunched. It is also in charge of redirect the messages, through email or by
instant messaging.

The authentication mechanism is realized through JAAS (Java Authentication and
Authorization Service), a standard way 10 configure the security of a J2EE

application.
The process data and process instances are managed by a database. JOnAS utilizes

by default the HSQL database manager, however, this can be replaced.

Formgenerator utilizes Chiba [28] as a formulary processor, which is a JavaBean
application which can be integrated inside the application. This is summoned each
time a form is displayed. for the register of information about an activity or process.

Proed
Xform
Editor
] XPDL
Workflow’s engine
Bonita s API - =
| user registry | | Project | | user |
= formgencrator
£18 Container e

e Hooks B
= Message . User Engine )
J - m 1 e - - - = - - - »
w k] t | sesion [T sesen [T :
. Rl SR - T ' s ' '
. ' ] ’
L q v 1]
) ““ioﬂ : Container : O —

' ' L_tepister _J 1.5 | Manager ]

A | Afinenticationand access cont - Persistence :

A H - ‘

s o ¥

rd ]

AL session & ¥ )

Y - -i ll :

v A

]

<A *

Other
systems

Fig. 2. Bonita workflow architecture.
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8.3 Solution Design

As a result of Bonita’s workflow architecture and functionality analysis, it was
discovered that the ProEd process editor incorporates the xformeditor form maker,
and that the Bonita’s workflow engine has the formgenerator module for -the
management of the formularies which uses the Chiba form process. By taking into
account that Chiba supports JavaScript code [30] and that the library used to cre-me
OpenLayers map visors is coded in JavaScript, it had decided that the best soluugn
consists in modify the ProEd process definition tool, for adding into it a geo spatial
component, as well as the develop of a Web manager console that can proportionate a

friendly interface against the final user. Coming next the proposed solution design is
described.

ProEd process editor Tool modification

It’s necessary 10 make the pertinent changes of the ProEd process editor an.d the
xformeditor formulary generator, 10 add the modules that let insert a map viewer
inside a formulary. These modules are responsible for: the management of the geo-
spatial component as an attribute inside the business process, the insertion of a script
for the map viewer inside the form, and the petitions making 1o the map server for the
display of available map catalogs to the user. The map viewer is in charge of
managing the following properties:

—  Map Server direction (URL).

—  The requested maps themselves.

— Map layers to be showed over a map. ) .
The maps viewer is developed over JavaScript, using the OpenLayers library; this
brings the following activity facilities over a showed map:

— Zoom in.

— Zoom out.

- Pan.

— To specify the layers 10 be showed.
—  Set POIs (Point Of Interest) over a map.

Web Process Manager Console Modification

This step consists on the modification of the Web process manager console, Wthh is
used 10 interact with Bonita workflow. This application needs a usable and intuitive
interface against the final user. As a result of that, the process manager console must
follow usability user interface principles. focused on a easiest and simple use for the
final user.

The manager console consists on a Web application based on the MVC (Model-
View-Controller) design pattern, which lets separate the data, the user interface and
the control logia as three different components (see Fig. 3).
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Fig. 3. Web process manager console architecture.

8.4 Implementation

This activity is composed by the modification of the ProEd process definition tool.
adding as a spatial component a map viewer inside the xformeditor formulary editor.
The modification 1o the Web application was made using JSP technology and
struts, inside the Eclipse’s integrated development environment.
Once realized the respective modifications to the ProEd’s tool for process
definition. and the ones for the process management console, the architecture shown

in Fig. 4 was obtained:
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Fig. 4. Architecture for the definition and management of processes interconnecting a form
editor (ProEd) and a map server (GeoServer) for geo-spatial data.
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As can be seem in the previous picture, through the manager console, the modified
ProEd process editor can be called 1o realize the model of the process. With this,
ProEd has acquired the functionality to realize petitions 10 Geoserver, and obtain a
catalog of the available, and that these maps could be displayed to the user, selecting
the needed ones, and display them within the map viewer each time a process is
executed. Once selected the maps and their layers to be displayed, an according script
1s created inside the form. and it’s saved inside the workflow engine.

When a process is imported and deployed inside the workflow engine, it can be
executed, and when this happens, the management console summons the respective
forms for the process. When the form is loaded, the defined map viewer inside it
realizes a map request 10 the map server, requesting also the layers to be displayed:;
this communication is made in real time, using the OpenLayers library.

The insertion of POls is made through a hook component, which is proportioned as
a part of the Bonita workflow engine. The hook is programmed to retrieve the
coordinates of the POI. and insert them into a spatial database, as well as retrieve
them in the cases that they already exist in any of the instances of a process. )

One example of the new functionality that the workflow engine has acquired, is
shown in Fig. 5; in this figure can be observed an instance of a process in execution,
in which a spatial component has been defined. showing a loaded map of Cuervanaca
City, in Morelos, Mexico. Such as has been previously explained, the map is loaded
from Geoserver map server. in real time. using the OpenLavers library.

Eiﬂ—ﬁ--—.&'ﬁ-‘tm » w'
D L yo= Myger fomeets Jew D = X
°-— 7 € X G [ e iasw maereiens o O eiGe s’

L -

-4 Jl! Workflow Consola de procesos
- Onrohaser
o 2“ ’
J‘lw—u 1

- bt

Fig. 5. An example of the geo-spatial functionality in an open source workflow engine (in this
case, based on Bonita).

8.5 Testing

The development of this activity consists on conducting the implementation of the
government dependencies process, any one in which it could be necessary the
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management of geographic information, letting the user to introduce a geographic

localization for a specific request.
Also. it was developed a test plan based on the IEEE 829-1998 standard [31], used

for software testing: through this one, the tool functionality for the process definition

and the developed Web application are verified.
The characteristics 10 be tested are listed next:

Connection to the map server. This test tries to verify that PorEd editor
correctly can establish a connection with the map server.

Interaction with the map server. This test is focused on verify that the ProEd
editor can request the catalog of the available maps on the map server.

Forms definition with spatial data. This is oriented to verify that the created
formularies with ProEd tool will be correctly stored in the workflow engine
and that these could contain geospatial components.

Map server connection. This is focused 10 test that the embedded map viewer
inside a formulary of an execution activity, could establish a communication
with the map server specified in the activity properties during the process
modeling.

Map interaction. The map visor capacity is verified to be used in operations
such as: zoom in, zoom out, pan and selection of layers to view.

Spatial database interaction. The capacity to do insertions and consults over
the spatial database is verified, with the purpose of POlIs storing and retrieval

for each process instance.

Finally, the implementation of this integration between GIS and a workflow engine
into an organization such as town government dependencies could prevent the
problems and errors exposed at the beginning of this section, also with the following

advantages:

Cost reduction over stationary consumption, when the requirements are
made through electronic format.

Reduction over the error margin in the requirements filling, due to if the
geographic Jocation is managed through electronic ways, it can have a better
precision for locating zones and places in a digital map, with more confident
coordinates and a more realistic level.

Improvement of the service quality offered to the citizen, at reducing the
response times for the requests.

An accessible system that can be accessed through a Web browser, so, it
doesn’t need specialized installation sofiware for each computer that needs
10 access to the system. '

The payment of licenses is avoided. thanks to the use of open source
products, working in favor of saving costs, and supporting government’s
austerity decrees.

Time reduction used to make modifications over the process modeling.

Use of a tool with a friendly user interface, that can be adopted to the
particular necessities of a process, letting 10 the users’ system the execution
of their work, at following the required service solicitudes.

Interoperability with other tools that fulfill the WIMC specifications.
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— A scalable system that lets establish communication between systems
through the use of hooks..

9 Conclusions

It had been adopted that the use of open source software, particularly in the case of
workflow systems, due to a financial perspective, they can save licenses payments,
against the proprietary software competitors; it also allows to make software
adaptations for the particular necessities of an organization, because commonly the
source code is available; its use doesn’t no imply any dependency with a particular
operative system: it ensures the permanence and reusability of the information, thanks
to the use of open and standardized formats. and no use of closed standards that lose
their currency with the time.

The study and analysis of diverse open source workflow systems were presenle.d;
from these, Bonita workflow was been selected as a very interesting choice, due to its
characteristics which are offered as a set of APIs used 1o establish a communication
with the workflow engine, the information access via Web and by the use of
standardized notations used to make the processes models.

The geographic information support in Bonita workflow is achieved through the
modification of the ProEd process definition tool, what is made by the incorporation
of the necessary classes that allows defining a spatial component (map viewer) during
the form definition in the process model step. )

The use of a workflow system with the previously mentioned characteristics in this
paper, could allow disposing of a set of functionalities in a government agency'th«"st
lets create a totally scalable, manageable and reusable business process. This is
obtained through the use of a graphic language used for the business process
definition, by the support for the manage of geo-referential information during the
process definition, by the automatic generation of the Web application u_sed 10
manage the defined processes and finally, by the support of the Web application for
geo-referential information in a manner of map views that helps for a more founded
decision taking.
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Abstract. REC is a software environment designed 1o generate
recommendations of potentially useful web resources based on lags assigned by
a community of users. Recommendations prompt users 10 access resources that
otherwise would go unnoticed. thus promoting improved data exploitation.
REC implements the notion of “induced lagging”, a technique devised to
improve the effectiveness of social bookmarking for digital libraries by having
a group of specialists tag resources as part of their Jjob, in addition to tagging
performed by the community. This paper describes the initial experiences with
the introduction of induced tagging into an actual leaming community, which
has motivated an implementation of REC that is embedded in a popular social
networking environment. We have gathered initial evidence that indicates that
REC mediates an effective collaboration that promotes resource discovery and

results in an improved utilization of digital library collections to support
academic activities.

Keywords: Tagging. social networks, recommendations, digital libraries.

1 Introduction

Tagging clearly has become a ubiquitous mechanism that supports both personalized
and collaborative organization of varied information spaces. Also known as social
bookmarking, tagging is present in an ever increasing variety of contexts: photo and
video sharing environments such as Flickr and YouTube. citation databases such as
CiteULike, many electronic newspapers and popular blog services, to name a few
cases, provide handy mechanisms for users 10 assign keywords. or tags, that function
as metadata that describe documents or multimedia objects. When tags are assigned
by a sufficiently large number of users, they can be used to effectively support
browsing or searching very large information spaces. Also. tag collections can be
regarded as determining dynamic classifications of digital objects that depend on!y on
the keywords chosen by all kinds of users, rather than the more convenl{0n31
controlled vocabularies used by specialists. In that sense, tags are said to originate
“folksonomies™.
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In addition to proprietary tagging mechanisms that are embedded in systems such
as those mentioned above, a significant number of services have been developed that
help users assign tags to any web resources and provide them with tools to manage
their 1ag collections and 1o take advantage of tags assigned by all users in a
community. The most popular of such services is arguably del.icio.us, which only a
few months ago boasted three million registered users and about 100 million
bookmarked unique URLs'. Other services that specialize in social bookmarking
include Mister Wong (mister-wong.com) and Simpy (simpy.com).

The success of social bookmarking has prompted a lot of work aimed to
investigate. for example, how tagging occurs, how tag collections are structured, how
close folksonomies are to formal classifications generated by specialists, or how tags
can be used 10 enhance information retrieval. Our group has devised a technique
termed induced tagging, which is based on the idea that a group of specialized users
within a community can be in charge of tagging as part of their jobs. We posit that
this will have a positive impact on the size and quality of the tags collection and, as a
result, on the usefulness of social bookmarking to support the discovery of digital
resources and to improve the exploitation of large information spaces.

We have developed REC, a software environment that implements induced tagging
and we report in this paper on our experiences with its introduction into an actual
community, the challenges we have faced for its adoption and how these experiences
have influenced our redesign of REC.

In what follows, we discuss work that is related to our research. Then, we
introduce induced tagging with more detail, as well as its implementation via REC.
Our initial experiences with the use of REC are presented next, followed by a
discussion of the changes to our initial version of the software. Finally, we present an
overview of our ongoing and future work as well as the conclusions that can be drawn

from the work we have conducted so far.

2 Related Work

Among the studies of the issues and impact of tagging and its potential for generating
useful recommendations or to improve the effectiveness of information retrieval, the
following are salient.

An early but still current study of the structure of collaborative tagging was
conducted by Golder and Huberman [3). Among other findings, they reported
regularities in user activity, tag frequencies, kinds of tags used and bursts of
popularity in bookmarking. Stable patterns for tags assigned to certain URLs are
attributed 1o imitation and shared knowledge. As our work progresses, we plan 10 use
this work as a reference for analyzing the dynamics of our data sets.

The work by Stoilova and colleagues [8] developed a similarity measure for
generating recommendations based on the personal bookmark files of users who
donate them to help improve search for a web community. Their method takes
advantage both of the hierarchical structure of the bookmark files of individual users,

: http://mww.1echcrunch.com/2007/09/06/exclusive-screen-shots-and-feature-overview-of-
delicious-20-preview/, last accessed on August, 2008.
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and of collaborative filtering across users. Though this work is not developed in the
context of a tag management system, it provides leads to ways in which
recommendations can be improved. In our current stage, the similarity measures we
are applying are based only on the number of tags, the assigned ratings and the types
of users.

For a survey of tagging systems and a discussion of their potential for knowledge
organization and discovery, an interesting source is [4].

What motivates users to actively participate in social bookmarking is among the
most important issues that are being studied by researchers. Marlow and colleagues
[5] suggest five main motivators for lagging: future retrieval, contributing to the
visibility of a resource. attracting attention, expressing opinions, competing with other
users and leaving persistent marks. Out of these motivations, the first three (or a
combination of them) appear as having particular importance for generating use.ful
tags, possibly 10 be used as the basis for recommendations. The other two (competing
and leaving marks) are features that could be promoted 10 increase user motivation. A
related taxonomy of incentives, only oriented more specifically to image tagging, has
been suggested by Ames and Naaman [1]. whereas the various roles played by users
when tagging has been explored by Thom-Santelli and colleagues [10].

A 1axonomy of tagging styles that is particularly relevant for our work was
proposed by J. Cafada [2]. After analyzing patterns in del.icio.us and Flickr, he found
four such styles: (1) Selfish tagging, when users assign tags that are related on.]y to
their personal context and most likely are not meaningful to others; (2) friend-
oriented, when tags are familiar only to a closed circle of people; (3) altruistic, when
the assigned tags are consciously selected as the most descriptive and generally
accepted; and (4) populist, when the assigned tags are enticing but intentionally
deceive other users. Evidently, the greatest benefit for the community occurs if users
tag altruistically, but it is also true that incentives need to be devised in order for this
to happen, as most well-intentioned users tend 10 tag for themselves or only for a few

people. Our approach aims 1o address precisely this need for incentives, as explained
in the following section.

3 Rationale for Induced Tagging

We defined induced tagging [7] as a kind of social bookmarking with two key
characteristics: (1) a well-defined group of participants are knowledgeable on the
available resources and the background of the user community: and (2) tagging 15
required as part of that group’s regular responsibilities as a reference team. '
The concept of induced tagging has been proposed to take advantage of the shift
that is occurring in the role of information professionals, particularly reference
librarians. Personne] at the reference desk generally become knowledgeable ‘and
capable of locating and recommending resources from vast and dynamic _c:o]]ec}lgns
in a timely manner. Increasingly, those resources are part of web-accessible digital
collections. In the process of helping users, staff and users often discover resources
that might be useful for supporting current or future tasks. It should t;e poss.lble fqr
information experts 1o bookmark those resources and share their findings with their
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colleagues and the entire community they serve. Since these information experts are
also familiar with the needs of the community and the terms most commonly used,
altruistic tagging should happen naturally.

In induced tagging. there is a service component that involves mandatory tagging
from information experts. Policies would be needed to require information experts in
an organization 10 participate in collaborative tagging. Although all users are
encouraged 10 tag. having a specialized group that does altruistic tagging continuously
and applies tags consistently for extended time periods as part of their job. addresses
concerns on the advantages of controlled vocabularies as well as incentive issues.
Moreover, given the familiarity of the information experts with the needs of their user
community, schemes can also be devised 1o facilitate the generation of personalized
recommendations that are based on the tags assigned to relevant resources.

A critique to induced tagging is that it may contravene a popular view that is often
used 1o explain the success of social bookmarking. which is best represented by the
so-called wisdom of crowds [9]. According to this view, the collective intelligence
that results from aggregating imperfect judgments (1ags assigned by regular users)
typically outperforms the judgments of experts (tags assigned by information
professionals).

In contrast, recent experiments by Razikin and colleagues [6] show that the
wisdom of crowds theory is not consistently supported. Their experimental evidence
indicates that tags assigned by experts tend to be better descriptors for resource
sharing and information retrieval than those assigned by the general public.

Our view is that induced tagging should get the best of both worlds: by overcoming
the lack of incentives for altruistic tagging, the process should get a significant boost
resulting in an accelerated growth of the collection of tags. Information experts know
the vocabulary most commonly used by the user community, which should result in
tags that are helpful for information retrieval and discovery, which in turn should
attract community members 10 use existing 1ags and assign new ones. In the long run,
the tags universe will reflect the wisdom of the community.

We believe induced tagging is especially well suited for stable learning
communities such as those of universities or research centers that use digital libraries
intensively and afford a regular staff that supports their information inquiries. With
appropriate 100ls, tagging can become part of the regular support offered to users for
their information retrieval needs.

We have developed REC, an environment for collaborative tagging that supports
induced tagging and generates resource recommendations based on tags. REC is
described in the following section.

4 REC

REC is an Ajax-based platform developed to explore induced tagging. REC provides
a toolbar that can be added to a web browser so users may label resources in a
minimally disruptive manner while they navigate around the web. The dialog box that
pops up when the user is browsing the web and selects the “tag” option from the REC
toolbar is illustrated in Figure 1. In this case. the user “waldo” is using the tags
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“"ENC™. “SMCC” and “Computer Science” to describe a website. and is assigning a
five-star rating 1o this site.
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Figure 1. Tagging a website in REC.

We are particularly interested in studying how induced tagging works in the context
of digital libraries, but REC actually can be used on any web-accessible resources.
Additionally. users may manage tags and request recommendations using the main
REC interface, which is illustrated in Figure 2 (a complete interface in English is still
in progress at the time of this writing).

As illustrated, various tabs in REC allow the user (*waldo”. in this case) to access
recommendations that result from specific queries, as wel] as his tagged resources and
the tags he has assigned. Additionally, at the bottom of this interface, REC displays a
list of the most popular web resources that have been tagged by the user community.
In the figure. as the user types a keyword, REC suggests tags that start with the
characters being typed. The total number of resources that have been assigned each
tag is indicated in the list. The user is also indicating that resources with at Ie_asl a
two-star ranking are preferred. After selecting “consumer behavior” from the list of
suggestions. the user is presented with a list of resources that have been tagged and
rated by information experts or other users. This is illustrated in Figure 3. : :

In Figure 3, the four resources displayed (out of the seven that were indlcau‘:d. n
the list of suggestions in Figure 2), in this case scholarly papers in subscrit!ed digital
libraries. have been tagged as related to “‘consumer behavior” and rated with two or
three stars. The title of each paper is displayed along with other tags that also have
been used as descriptors. What is important here is that each of these tags can also be
clicked upon. resulting immediately in a new list of resources, possibly with new tags
that can lead to other resources, and so on. In Figure 3, if the user clicks on “social
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behavior™. which is a tag assigned to the first document in the list, he obtains a new
set of three resources. as illustrated in Figure 4. At any moment during the interaction
with REC. the user may choose to peruse the suggested documents or to continue 1o

explore the related tags.
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Figure 3. Obtaining recommendations in REC.
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Resources tagged by a particular user may also be selected. A convenient list of all
related tags in the list of resources is provided as an additional tab, and so is a list of
all the resources tagged by the user. Lists of tags are presented as clouds in which font
size is proportional 10 the weight of each terms. Term weight is determined as a
combination of global term frequency, resource rating, and user category (regular or

expert). All sections of the interface are dynamically updated upon selection of any of
its elements (e.g., specific users or tags).
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Figure 4. Exploring the tag space in REC.

S Experiences with the Adoption of REC

REC is open to the public for evaluation and feedback at http://ict.udlap.mx. In o.rder
to assess its potential, we presented REC 10 our information experts and proYlded
basic training for them to start labeling resources in the digital collections built or
subscribed to by our institution. .
Over the period of about six months. six information experts have be:-en. tagging
resources using REC in addition 10 their regular duties. which include assisting users
at the reference desk and via a virtual reference environment. We also have had
students use REC as part of project assignments in a first-year college course called
“Information Culture”, which is taken by students from all majors and is intended to
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provide orientation for them to learn about the information services and resources
provided by the university. Although students also have tagged resources, they mostly
have been users of existing tags. Usability studies of REC’s interface have been
conducted by students of courses on human-computer interaction. We also have a
number of additional users who have registered to explore the tagging environment.

Collections provided by different vendors typically are available through highly
heterogeneous interfaces. Finding related documents on those collections as part of a
student or faculty research project often becomes a time-consuming and frustrating
task. When tags are assigned 1o those documents by the information experts (or other
users), REC becomes a uniform interface that establishes tacit links that are used to
discover resources comprised by diverse collections that otherwise would go
unnoticed. Participating users have been able to fetch documents carefully selected by
information experts, by just following links recommended by REC, and remaining
essentially unaware of the specific collections that contain the documents. Obtaining
such documents normally would entail formulating complex queries. Tag clouds have
resulted also in a discovery mechanism, as they invite users to explore relevant tags
and their associated resources.

Although the size of our tags collection is still modest, our observations have
helped shape new features and requirements for our tagging environment 10 provide
support for improved exploitation of vast digital collections. Out of over 11,000 tags
that describe more than 4,150 web resources, about 76% have been assigned by
information experts. This portion of the tag collection has a high descriptive value and
is expressed in the terms most likely used when requesting recommendations, as our
staff has been consciously considering the users’ needs in the tagging process. This
shows that the role of designated personnel is fundamental for describing the
collections. Given that each information professional has an area of expertise, the
available collections are being covered rapidly, but there is still little overlap among
the tags being assigned. Thus, the current average number of tags per resource is only
2.17 (standard deviation of 1.79). We expect these figures to change significantly as
REC becomes more popular in our community.

One of the requirements derived from our initial observations was that participants
wanted 10 be able 10 recommend resources to specific users. They also wanted to be
able to define groups of users and suggested interface features that were similar to
other familiar environments, such as those in their social networking systems. This
suggested the version of REC described next.

6 REC on Facebook

We believe the combination of social networks and induced tagging can provide an
even more powerful environment for exploiting information spaces. Not only are our
users familiar with various social networking systems, but they also are keen on
extending their network of contacts, which could just as well include information
experts that could help them accomplish academic endeavors without having to Jeave
their social environment of choice.
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We developed a version of REC that can be added as an application of Facebook.
one of the most popular social networking systems. Users of Facebook who install
REC can obtain or give recommendations within the same familiar environmen‘l.
More specific registration as a user of REC is needed only to enable tagging and is
required only the first time a user tags resources. Both versions of REC share the

same databases, so tags and recommendations managed by either of them are
equivalent.
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Figure 5 illustrates the interface of REC as a Facebook application. In this case,
the recommendations displayed correspond to those in Figure 3: only they have not
been filtered by rating. As illustrated in the figure, other functionality offered by REC
is available via tabs that include options for tagging resources, recommending
resources 1o friends, switching 1o another language (Spanish or English in the current
version). and inviting friends 10 become users of REC. By clicking on the small icon
that appears next to each document in the list, users can generate recommendations
for their friends. Figure 6 is an example of how recommendations of resources can be

sent to Facebook friends.

7 Ongoing and Future Work

At the time of this writing we are deploying REC for its use by our entire learning
community, which comprises about 7,000 students and 500 faculty members. We also
are sharing the software for installation by member institutions of the Open Network
of Digital Libraries (ONeDL, http://www.onedl.org.mx) and the Institutional Network
for Library Cooperation (also known as the Amigos  Group,
http://ciria.udlap.mx/amigos). Whereas REC is, as mentioned earlier, open 1o the
general public, we particularly are interested in conducting formal experimentation
and further observation of the impact of induced tagging in the context of digital
libraries and academic communities. We will conduct longitudinal studies aided by
surveys, questionnaires and activity logs.

We also are working on functionality enhancements such as improved visualization
of the tagging spaces, so users can discover relationships among the resources in the
digital collections by relying on graphical representations. This visualization will
provide filtering mechanisms so users may include or leave out tags by date, tagger or
Internet domains, among other criteria.

Both on the web-based and Facebook versions of REC, we plan to provide options
for users other than the “official” information professionals to participate as domain
experts. In the realm of social networks, we plan 1o produce an implementation of
REC that takes advantage of OpenSocial?, a specification that defines a common API
for social applications across multiple websites . OpenSocial is being implemented by
other popular social networking service providers, such as Friendster, hi5, Linkedln,
MySpace, and orkut. Our goal is to make REC accessible from as many social
networking platforms as possible.

8 Conclusions

We have made progress in exploring the notion of induced tagging, a technique for
accelerating the construction of tag collections that may effectively support the
exploitation of vast digital collections. Progress includes the implementation and
refinement of a social bookmarking environment called REC, which has been used by

2 hup://www.opensocial.org, last accessed on August, 2008.
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a group of information experts to assign tags 10 scholarly web resources. Their
tagging style is altruistic as they are familiar with the vocabulary and needs of the
target user community and tagging has been included in their regular duties. Our
initial experiences with REC motivated the development of a version of this software
that can be installed as an application of Facebook. the popular social networking
environment. By combining collaborative induced tagging and social bookmarking
we are contributing 10 the development of 100ls that will support users in at least four
areas: (1) exploiting the information resources they have available, (2) organizing
their information spaces in a personalized manner; (3) discovering digital resources
that otherwise would remain hidden. and (4) participating in the social construction of
a tag collection that reflects the wisdom of the community.
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Abstract. The low cost and low battery consumption of Bluerooth devices, al-
lied with a plethora of novel functionalities, has promoted the widespread
adoption of this technology. In this paper we enter into the Bluerooth Technol-
ogy, that like an emergent technology. it is conceived 10 be the best option for
the wireless communication, combined 1o the ample range of possibilities of
development of applications, positioning itself like the technology of the future
for the movable devices. Our contribution consists of impelling the develop-
ment of mobile applications under this technology and shares our experiences.
We have chosen BlueZ, a protocol stack with License GPL for Linux, and us-
ing C, C++ and Qr as programming languages. We hope to promote its use
and show its tools for application development at basic level for new
BlueZ/C++ users.

Keywords: Bluetooth, BlueZ.

1 Introduction

The necessity of communication nowadays is a prevailed subject, for businesses or
for personal reasons, it is always necessary 10 be in constant communication. In an
enviroment where the technological devices become indispensables in our lifes,
because of little effort that these require, the facility of its uses and in some cases its
low costs, it is difficult 1o imagine us without a cellphone, palmtop. laptop or any
other device that allows us to be in contact with the exterior world. At this life-
rhythm, it is elementary 1o be able to free us of cables and use wireless connections
of short-range in order to facilitate the demand of connectivity between the devices,
so Bluetooth is the simplest option.

Bluetooth is a wireless standar available in the whole world, it connects mobil.e
telephones 1o each other, laptops, MP3 players and a lot of other devices. This
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technology provides great efficiency and saving of costs for home and businesses
users; allowing the replacement of cable. the facility to share files, wireless syn-
chronization and connectivity to internet. also, thanks to its great acceptance, a
Bluetooth device can be connected with almost any other compatible device in
its proximities eliminating the borders anywhere of the world.

In other way. for the best advantage of all these qualities already mentioned
about Bluetooth. it is elemental have the necessaries tools that help to the effi-
cient development of applications for this technology. In this sense. BlueZ is an
alternative to consider. starting from the fact that it is free-software and included
in the Linux core since the version 2.4. Unfortunately almost does not exist doc-
umentation about BlueZ or about the APIs to development applications with
BlueZ.

In this article we describe briefly the features of the Bluetooth technology and
we will show the BlueZ protocols stack by Linux, thus examples of its uses, so
that any user who begins to developing under this standard counts by a minimal
reference and understands better its operation.

2 Bluetooth technology

The JEEE 802.15.1 standard [8], also known as Bluetooth, is an open standard for
the wireless connectivity that allows the data and voice transference between the
communication devices and PC’s giving facility to the users for create Wireless
Personal Area Networks (WPANs) and Ad Hoc networks, impelling a greater
integration of the Bluetooth technology to MANET networks (Mobile Ad Hoc

Network).

2.1 Bluetooth features

Bluetooth operates in a free license band, enlarging the possibilities of its use,
this industrial, scientific and medical band (ISM) is between 2.4 and 2.485 Ghz,
using an extended spectrum, frequency hops. full-duplex signal in a nominal
rate of 1600 hops/sec. Actually there are three available “classes”, the Bluetooth
devices have a rank operation from 3 - 300 feet (1-100m), depending the class
of the device and adapted for the needs of the user.

In order to reduce to the minimum any interference, the Bluetooth technology
makes use of a capacity denominated adapted frequency hops (AFH); which was
designed to detect other devices in the spectrum and to avoid the frequencies that
are in use, at this way the signal hops between 79 frequencies in 1 Mhz intervals,
generating a high degree of immunity to interferences, respecting to the voice
and data transferences, Bluetooth supports up to 3 synchronous channels of voice
of 64kbls each one and asynchronous data up to 723,2 kb/s asymmetric or 433.9
kb/s symetric [3].
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2.2 Bluetooth profiles

So that device can use the Bluetooth wireless technology, it must know how to
interpret the Bluetooth profiles, as shown in Figure 1 that describes the different
possible applications. These profiles are guides that specify the adjustment of
stack parameters as well as the required features and procedures so that the
devices equipped with Bluetooth technology communicate to each other. Thanks
to the exclusive concept of “profiles”, it is not necessary to install controllers in

the Bluetooth devices. All the profiles supported by Bluetooth are defined in its
web site [9].

[ Generic Access Profile

Human Intertace Device f - vt DTS
Frofite (HID: PAN Profile &

P
Haro Copy Cable o Enefr‘\:;:;g:' I::;m
eplacement Frotile/HCRF * -

e v — e m—

Senvce Discoven =
phication Frohie (SDAP) Generic Audio/Vides

Distribestion Profile y
TCS Binary-Based Profles (Vigeo Distibubon Frofie )
Cordiess Teieprion, Frohie) AGVancec Audio
(__ntercom Frohie ) [ Distnbution Prohie
 Serial Port Profiie A
- FoFiche ) [Generic Object Exchange

:-;. (Dia-up Networking Frofiie) Profie
2 (__CpjecFushFrohle )
i (___HeaaserFrehic Yo -
¢ i File 1 )
éi (__Hanos-Free Frohie ) (e Transte; Protes

~ | (Swmchroncaton Fiotie )

¢ ¥
LAN Access Profie
; ¢ Basic Pnaung Pr )
g Extenoea SDF Prohie C < —
{UFnF over IF) B

(__Basicimagin Frohie )

P e A T T T T

.

Fig. 1. Bluetooth profile structure.

2.3 Network topology

Piconets y scatternets. The Bluetiooth wireless links are formed in the context
of a Piconet. Piconet is a group of two to eight devices that occupy the same
physical channel (unique for each piconet), consisting of a single master device
and one or more slaves, where slave devices are synchronized to the same clock
and a specific pattern of frequency hops provided by the master device. Besides.
a device can belong at the same time as more of a Piconet. creating what is
called a Scatternet, as seen in Figure 2.

Operational procedures. Bluetooth uses a search procedure (Inquiry) to dis-
cover or 10 be discovered by other near devices, as well as to discover the services
that these nodes offer. Followed to this, the paging procedure is used to contact
between both devices.



Fig. 2. Bluetooth scatternet diagram.

2.4 Bluetooth specification

The core specification. The core specification define all the layers of the
Bluetooth protocols stack (Figure 3), which is structured in four layers with as-
sociated protocols defined by the specifications or Bluetooth profiles. The three
inferior lavers radio, baseband and Link Manager are grouped in a subsystem de-
nominated Bluetooth Controller (Module), while the L2CAP layer, services layer
and the superior layers are known as Host Bluetooth. This grouping of the core
Javers requires a physical communication interface between the Blueiooth con-
troller and the Host Bluetooth. this interface is known as HCI (Host Controller
Interface). The Bluetooth specification makes possible the compatibility between
different Bluetooth systems through of the definition of protocol messages that
interchange it between the equivalent layers. Also it determines a common in-
terface between the controllers and Bluetooth Hosts to make compatible the

different subsystems.

Protocols stack. The Bluetooth protocol stack is divided in two zones, each
one is implemented in different processor:

The Bluetooth Module (hardware) is the responsible of the tasks related to
the information transferences through radio frequency interface. The Host Blue-
tooth (software) is the responsible of the part related to the layers superiors of
connection and application.

On the layer of specific Bluetooth protocols, each manufacturer can imple-
ment his propietary protocols layver of application. by this way. the open speci-
fication of Blueiooth expands the number of applications that can be benefited
from their capacities. Even though, the Bluetooth specification demands that,
in spite of the existence of different propietary application protocol stacks, the
interoperability must exist between devices that implement different stacks.
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Bluntooth Radio
Fig. 3. Bluetooth Protocols Stack.

3 BlueZ

In the following paragraphs the main characteristics of BlueZ and their tools
will be commented. There is special emphasis in the pand daemon beacuse it is
the base of the development.

3.1 BlueZ definition and features

BlueZ 7] is the Official Linuz Bluetooth Protocol Stack: it was developed initially
by Qualcomm and at present is released under the General Public License (GPL)
[4] that means that can be copied, studied, modified and redistributed freely.

BlueZ is part of the Linux official kernel since the version 2.4, therefore,
included in any modern distribution of Linux: it will be not necessary to install
something. Some of the main characteristics of BlueZ are:

— Flexible, efficient and modular architecture.

— Support for multiple BlueZ devices.

— Multitask data processing.

— Hardware abstraction.

— Standard socket interface to all layers.

— Multi-platform: x86 (single and multi-processor), SUN, SPARC. ARM, Pow-
erPC, Motorolla, DragonBall.

— Operation in all the Linux distributions: RedHat, Debian, Suse, etc.

— Great quantity of supported devices (PCMCIA, UART, USB).

— Supports L2CAP, SDP, RFCOMM and SCO.

— Availability of a Bluetooth emulator and devices of configuration and test.

— Support for the following profiles of use: GAP, DUN, LAN, SPP. PAN, Head-
set, OBEX (FTP), OBEX (OPP).

— Mailing lists of participating, with developers anywhere in the world con-
tributing to the support and programming with BlueZ.
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The main disadvantage of BlueZ is that there is not enough documentation.
This can be solved directly studving the source code, but this takes a lot of time
and could be complicated for the new users.

3.2 BlueZ packages

BlueZ is distributed in a set of packages, although the core depends on the
distribution of kernel Linux that we are using. For the previous versions to
version 2.4 that do not include the Bluetooth functionality exists patches |6].
Besides the support of the core, the packages that can be used based on the final

needs of the users are:

bluez-libs: Necessary libraries for the development of applications and the rest
of BlueZ packages and applications that link dyvnamically to the

libraries.
bluez-utils: Control applications for the Bluetooth devices. Necessary to make

inquiry or general communications.
bluez-sdp: It contains the libraries, tools and the SDP server (sdpd) that con-

form all the SDP functionality .

bluez-pan: Programs, daemons and scripts necessaries for the profiles DUN,
LAN and BNEP-PAN.

bluez-hcidump: Useful orders to debug and to study the general operation of
the devices Bluetooth using HCI.

bluez-hciemu: It contains the emulator. It allows the programmers to test their
code without a real Bluetooth device.

bluez-bluefw: It contains the firmware of several kind of Bluetooth devices.

All these packages can be downloaded from the official BlueZ site [7] in the
section of downloads.

3.3 BlueZ tools

As already commented, the documentation of this protocol stack is non-existent
and therefore the knowledge about this API has been realized from the own
source code. Fortunately, the BlueZ core comes accompanied by a set of tools
that allows to execute the Bluetooth functions implemented in the protocol stack
from a shell or console orders. The first step to determine which are the functions
that interest to us is studying of these tools:

hciconfig: Configure local Bluetooth devices.

hcid: HCI interface daemon.

hcitool:  Link manager with other Bluetooth devices, detection of remote de-
vices and name resolutions among others fuctions.

hcidump: Local sniffer for the HCI traffic. either incoming or outgoing, by the
Bluetooth device installed in the system.

12ping: Send request “echo request (ping)” in L2CAP level.
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sdptool: ~ SDP manager. dicovering of Bluetooth services in remote devices.

sdpd: Daemon of the service discover protocol SDP. It manages to provide
access to the local Bluetooth services.

rfcomm: Manager of connections rfcomm.

pand: Manager of PAN (Personal Area Network) connections.

For greater information about command-functions that provide us these tools,
we can review the manuals that linux provides to us in the console. For example,

look the fuctions that sdptool privide to us:
#: man sdptool

The command-functions provided by these tools are relatively very simple to
use, the manual provides information of each command, as well as of its syntax.

4 Sockets

Sockets [2] are a fundamental 100l in the communication between devices, through-
out the next examples we will use sockets in repeated occasions to make connec-
tions. For such reason is good idea to know a little bit of sockets implementation
before getting to program with them.

The function socket() returns a socket descriptor, which we will be able to use

soon for calls to the system. If it returns -1 . an error has taken place.
int socket(int Dominio,int Tipo,int Protocolo);

— Domain: It defines the property to a group of socket that we want to use, that
is, you can use AF _INET (for protocols ARPA of Internet), AF_UNIX (pro-
tocols that allow internal communication of the system) and AF_ BLUETOOTH
(protocol for the communication between devices that support this technol-
ogy). :

— Type: It refers about to the class of socket that we want to use, is this of
datagrams UDP or data stream TCP. We will use SOCK _SEQPACKET (is
used to indicate a socket with reliable datagram-oriented semantics where
packets are delivered in the order sent).

— Protocol: It indicates the protocol that will allow us the information trans-
ference (BTPROTO_L2CAP).

Once obtained the socket. descriptor, will be necessary to associate it with a port,

for this reason, we will make use of the function wina() *.
int bind(int fd, struct sockaddr *my_addr,int addrlen);

Already established the relation between socket and port we can to make a
connection through the function connect(). This function is used to connect to a
port defined in a IP address.

int connect(int fd, struct sockaddr sserv_addr,
int addrlen);

Now to be able to obtain that our device remains awaiting for some other
device can be connected to, it will have to use the function 1isten(), which has
main function remain awaiting the incoming connections.

4 For more information about the functions parameters, see the reference [2].
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int listen(int fd,int backlog);
Already having a function that is awaiting for a connection, when finally
some device is connected, is necessary to accept this connection, for it we will

use the function accept().
int accept(int fd, void =»addr, int »addrlen);

We already have all the previous elements, you will be able to use of the
functions send(), recv(). vrite() and reada() for the exchange of information through
sockets descriptors .

For the development of the next applications, we have made use of the proto-
col L2CAP. that allows the interchange of packages with or without connection-
oriented. but as we mentioned previously are diverse protocols of which you can
make use according to your needs.

5 Bluetooth applications examples

The development is located for Linux platforms, doing use of the BlueZ protocol
stack BlueZ that comes included in the linux kernel. For which, it is elementary
that the core of the application to be developed entirely in language C++ pro-
gramming, since it is the used one in BlueZ, whereas the graphical interface is
recommended to be realized in C++ language using the library Qt de Trolltech
[1].

As previously mentioned (Section 3), the BlueZ protocol supports different
transport protocols as RFCOMM, L2CAP, SCO, etc., which use a program-
ming structure (interface) based on sockets (Section 4) to be able to commu-
nicate, Unlike those protocols, HCI made it easier to use thanks to functions
and specific-use commands that it provides us. In the subsequent examples the
protocols L2CAP, SDP and HCI are used, showing the difference between its
uses and capabilities.

This chapter starts from a simple scaning application to a client/server using
a SDP service. Logically programming in C++ for BlueZ has a much broader
scope of which we will present, but, by the propose of our work some examples
at basic level for new Bluetooth-BlueZ and C++ users are shown.

5.1 Searching nearby devices (scan)

The scan is a primary function at the time of schedule with Bluetooth devices,
because it provides us information of the nearby devices with which we can
interact. this tool is defined by default as a BlueZ tool (hcitool scan), also is
recommended to understand its operation on the code, since it is highly required
in most applications that we develop. A way to get this code is exploring the
BlueZ libraries °, where not only the scan function is, we can find all the functions
defined by the API (Section 3.3); is necessary to identify the .c file with the

® It is recommended not to modify the original libs, you can download them from
www.bluez.org/downloads and make with them your tests.
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functions, isolate the code and make our tests to help us to understand its
functioning.

The following example |5] will search for nearby Bluetooth devices, providing
us its name and Bluetooth address. This program will use HCI, in subsequent
examples were used L2CAP and SDP.

P
X f B _g__/,f@.f

v
-]
Fig. 4. Scanning nearby devices.

Note: The explanation of the ezamples code will be given at the end of each.
scan.c

#include <stdio.h>

#include <stdlib.h>

#include <unistd.h>

#include <sys/socket.h>
#include <bluetooth/bluetooth.h>
#include <bluetooth/hci.h>
#include <bluetooth/hci_1lib.h>
int main(int argc, char *sargv)
{

inquiry_info #»ii = NULL;

int max_rsp, num_rsp;

int dev_id, sock, len, flags;
int i;

char addr([198] = { 0 };

char name[248) = { 0 };

dev_id = hci_get_route(NULL);
sock = hci_open_dev( dev_id );

if (dev_id < 0 || sock < 0) {
perror("opening socket");
exit(1);

}

len = 8;

max_rsp = 255;

flags = IREQ_CACHE_FLUSH;

ii = (inquiry_infos)malloc(max_rsp » sizeof (
inquiry_info));

num_rsp = hci_inquiry(dev_id, len, max_rsp, NULL,
kii, flags);

if( num_rsp < 0 ) perror("hci_inquiry");
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for (i = 0; i < num_rsp; i++) {
ba2str(&(ii+i)->bdeddr, addr);
memset (name, O, sizeof(name));

if (hci_read_remote_name(sock, &(ii+i)->bdaddr,
gizeof (name), name, 0) < 0)

strcpy(name, "[unknown]™);

printf("%s %s\n", addr, name);

}

free( ii );
close( sock );
return 0;

}

To compile the program is necessary 1o link the Bluetooth library for use its

functions.
# gcc -o scan scan.c -1bluetooth

Running the program...
# ./scan

There are differents predefined structures for schedule C++ with BlueZ, these
structures will be required for some functions and we must know its purpose. One
of the most often used is bdaddr_t; which is referred to store and manipulate

the Bluetooth devices addresses.
typedef struct {

uint8_t b[6]);
} __sttribute__((packed)) bdaddr_t;

These addresses can be converted between strings and bdaddr_t structures

or the opposite through the following functions:
int str2ba( const char *str, bdaddr_t *ba );
int ba2str( const bdaddr_t »ba, char »str 0 I

When we schedule, is possible to have multiple Bluetooth devices in our
computer, therefore, it is required to specify which Bluetooth adapter we are
going to use for allocating system resources. These adapters are identified by a
number starting from 0.

If you already know the Bluetooth local adapter (Bluetooth address), the
following function returns the resource number of the Bluetooth adapter address

passed in as a parameter.
int dev_id = hci_devid( "00:32:56:27:6B:9A" );

But, if only we have a Bluetooth adapter or no matter which we use, the fol-
Jowing function (Null) retuns the resource number of the first Bluetooth adapter

available.
int dev_id = hci_get_route( NULL);

Once the Bluetooth adapter is defined, is required to open a socket using
hei_open_ dev, this function opens a socket connection to the microcontroller
(for controlling it) on the specified local Bluetooth adapter. “Attention”,the socket

is not a connection to a remote Bluetooth device.
socket = hci_open_dev( int dev_id );

If there are errors when opening the socket, the function returns -1 and sets
errno 8, if there are no problems, returns a handle to the socket.

When the socket is already open, the scan (inquiry) starts using the function:
int hci_inquiry(int dev_id, int len, int max_rsp, '

6 Most of the functions return -1 in case of error.
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const uintB_t *lap, inquiry_info »»ii, long flags);

This function does not even use the socket, we use the resource number of
the Bluetooth adapter (int dev_id), the duration of the inquiry (len * 1.28sec.),
the maximum number of responses (max_rsp). a structure for storing the info
of inquiry (inquiry _info ** ii) and flags for indicate whether or not to use previ-
ously discovered device information or to start a fresh (IREQ_CACHE_FLUSH:
cache flushed, 0: results of previous inquiries may be returned). If there is not
an error, the devs parameter are stored in an predefined array of inquiry_info
structures.

It is often easier to identify devices by its friendly name (nickname) than
by its direction, hence, the function hci_read_remote_name provides us the
remote device name in a char (name). Is necessary to indicate the socket and

the Bluetooth device address.
int heci_read_remote_name (int socket, const bdaddr_t
* ba, int len, char #* name, int timeout);

finally free the memory used by * ii and close the socket.
free( ii );

close( socket );

return 0;

5.2 Basic client-server

The example above applies only the scanning HCJ function, now we will see the
incorporation of functions L2CAP to demonstrate how to establish an L2CAP
channel and transmit a string of data like a server-client application.

Server.c

#include <stdio.h>
#include <string.h>
#include <sys/socket.h>
#include <bluetooth/bluetooth.h>
#include <bluetooth/12cap.h>
int main(int argc, char »sargv)
i
struct sockaddr_12 loc_addr={0}, rem_addr={0};
char buf[1024] = {0};
int s, client, bytes_read;
socklen_t opt = gizeof (rem_addr);

// allocate socket
& = socket (AF_BLUETOOTH, SOCK_SEQPACKET, BTPROTO_
L2CAP);

// setting parameters
loc_addr.12_family = AF_BLUETODTH;
loc_addr.12_bdaddr = »BDADDR_ANY;
loc_addr.12_psm = htobs(0x1001);

// bind socket to port 0x1001 of the first
//available bluetooth adapter

bind(s, (struct sockaddr »)&loc_addr, sizeof
(loc_addr));

// put socket into listening mode
listen(s, 1);

// wccept one connection
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client = accept(s, (struct sockaddr *)krem_addr,
kopt);

ba2str( krem_addr.12_bdaddr, buf );
fprintf (stderr, “accepted connection from %s\n"

» buf);
memset (buf, 0, sizeof (buf));

// read data from the client
bytes_read = read(client, buf, sizeof (buf));

if( bytes_read > 0 ) {
printf("received [%s]\n", buf) ;
write(client, "hello client!™, 1B);
}

close(client);// close connection
close(s);

}

client.c

#include <stdio.h>

#include <unistd.h>

#include <sys/socket.h>

#include <bluetooth/bluetooth.h>
#include <bluetooth/12cap.h>

int main(int argc, char ==argv)

{
struct sockaddr_12 addr = { 0 };

int s, status,bytes_read;
char server[18], buf[1024]) = { 0 };

if(arge < 2) {
fprintf (stderr, "usage: s <bt_addr>\n",

argv(0]);
return 1;

}

//asignate the server address to server
strncpy(server, argv([1], 18);

// mllocete & socket
¢ = socket (AF_BLUETOOTH, SOCK_SEQPACKET,

BTPROTO_L2CAP) ;

// set the parameters for connection
addr.12_family = AF_BLUETOOTH;
addr.12_pem = htobs(0x1001);

str2ba( server, kaddr.12_bdaddr );

// put socket into listening mode
listen(s, 1);

// connect to server
status = connect(s, (struct sockaddr »)kaddr,

gizeof (addr));

// if connect succefully
if( 0 == status ) {

// send 2 message to server
gtetus = write(s, "hello server!", 165);

// read data from the client
bytes_read = read(s, buf, sizeof(buf));
if( bytes_read > 0 ) {
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printf("received [%s]\n", buf);
}
}

if( status < 0 ) perror("Error:");
close(s);
return 0O;

For connecting we have to open a L2CAP socket;
s = socket (AF_BLUETOOTH, SOCK_SEQPACKET, BTPROTO_L2CAP);

The first parameter should still be AF_BLUETOOTH, but the next two
parameters should be SOCK_SEQPACKET and BTPROTO_L2CAP, respec-
tively.

L2CAP sockets use the struct sockaddr 12 addressing structure:
struct sockaddr_12 {

sa_family_t 12_family;

unsigned short 12_psm;

bdaddr_t 12_bdaddr;

};

The first field, 12 family, should always be AF_BLUETOOTH, I12_bdaddr
denotes the address of either a server to connect to, a local adapter and port
number to listen on, or the information of a newly connected client. depending
on context. and the 12_psm field specifies the L2CAP port number to use.

Running the client program we must indicate the server address to connect,
for example:
#: ./client 00:0C:78:31:FC:8C

If we don’t know the server address, we could find it using:
#: sdptool scan

5.3 Registering and searching a service

When a Bluetooth device offers a service (application) acts as a server, making
it necessary to specify the type of service being offered and register it; thus the
remote devices (clients) searching for this service could identify the service and
request it to a correct device (server).

The Service Discovery Protocol (SDP) defines the way by which a client can
discover the services availables on Bluetooth devices, as well as their attributes
(of services). In the following examples SDP tools are used for register and search
SDP services.

The first program registers a service named called bluefriend (the name does
not matter), while the second program will search for this service.

The SDP daemon. Every Bluetooth device typically runs an SDP server that
answers queries from other Bluetooth devices. In BlueZ, the implementation of
the SDP server is called sdpd, and is usually started by the system boot scripts.
Sdpd handles all incoming SDP search requests.
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Registering a service. Registering a service with sdpd involves describing the
service to advertise, connected to sdpd, instructing sdpd on what to advertise

- - - - ,
and then disconnecting. For make it easier the service has the UUID 0xABCD.

registering.c

#include <bluetooth/bluetooth.h>
#include <bluetooth/sdp.h>
#include <bluetooth/sdp_lib.h>
sdp_session_t »register_service()

{
uint32_t service_uuid_int[] = { 0, 0, 0, OxABCD };

const char »service_name = "Bluefriend";
const char »service_dsc = "An Matching Aplication";
const char »service_prov = "BF Server";

wuid_t root_uuid,l2cap_uuid, svc_uuid;
sdp_list_t »12cap._list = 0, syoot_list = O,
sproto_list = 0, #*access_proto_list = 0;

sdp_record.t syecord = udp_record_alloc();

// set the general service ID
sdp_uuidl?ﬂ_create(lsvc_nuid. kservice_uuid_int);

.dp_set,service_id( record, svc_uvuid );

// make the service record publicly browsable
sdp,uuidlﬁ_create(lroot_uuid. PUBLIC_BROWSE_GROUP) ;

root_list = sdp_list_append(0, kroot_uuid) ;
sdp_let_brouse_groups( record, root_list );

// set 12cap information

sdp_uuid16_create (k12cap_uuid, L2CAP_UUID) ;
12cap_list = sdp_list_append( O, £12cap_uuid );
proto_list = sdp_list_append( 0, 12cap_list )i

// attach protocol information to service record
access_proto_list = sdp_list_append(0, proto_list);
ldp_:et_access_proton(record. access_proto_list);

// set the name, provider, and description
ldp_set_info_attr(record, service_name, service_

prov, service_dsc);
int err = 0; sdp_session_t *session = 0;

// connect to the local SDP server (BDADDR_LOCAL),
//register the service record, and disconnect
session = sdp_connect( BDADDR_ANY, BDADDR_LOCAL,
SDP_RETRY_IF_BUSY );

err = sdp_record_register(session, record, 0);

// cleanup

sdp_list_free( 12cap_list, 0 );
sdp_list_free( root_list, 0 );
sdp_list_free( access_proto_list, 0 ):
return session;

}

int main()

{

sdp_session_t» session = registor-service();
sleep(5);

sdp_close( session );

return 0;

}
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A way to check whether the service there has been satisfactorily registered is

through the command sdptoo1 browse, this command shows all services registered
in the local Bluetooth device.

Searching a service. Once the service is registered, the next step is that a
client device finds it, therefore requires a SDP connection to the remote device
(server) 1o find the service with the UUID desired, we the remote sdp server will
return a list of services founded with the specified UUID.

searching.c

#include <bluetooth/bluetooth.h>

#include <bluetooth/sdp.h>

#include <bluetooth/sdp_lib.h>

int main(int argc, char »»argv)

{

uint32_t svc_uwuid_int[] = { 0, 0, 0, OxABCD };
uuid_t svc_uuid;

int err, num;

bdaddr_t target;

sdp_list_t »response_list = NULL, »search_list,
#attrid_list;

sdp_session_t *session = 0;

str2ba( "00:0C:78:31:FC:6B", Etarget );

// connect to the SDP server on the remote machine
session = sdp_connect( BDADDR_ANY, &target,
SDP_RETRY_IF_BUSY );

// specify the UUID we’re searching for
sdp_uuid128_create( ksvc_uuid, &svc_uuid_int );
search_list = sdp_list_append( NULL, ksvc_uuid );

// specify that we want a list of all the matching
// spplications’ attributes

uwint32_t range = 0x0000ffff;

attrid_list = sdp_list_append( NULL, &range );

// get 2 list of service records (UUID OxABCD)
err = sdp_service_search_attr_req(session, search
-list, SDP_ATTR_REQ_RANGE, attrid_list,
kresponse_list);

edp_list_t #»r = response_list;
num = sdp_list_len(r);

//if there isn’t an error and there are
//services found

if ((err==0) && (num> 0)){
printf("\nService(s) found in %s.\n", target);

// go through each of the service records
for (; r; r = r->next ) {

sdp_record_t »rec = (sdp_record_t»)
r->data;

printf("found service record Ox%x\n",
rec->handle);

sdp_record_free( rec );

}

sdp_close(session);
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5.4 Using all the examples

Finally there is a program using the tools displayed in the previous examples,
consists of 3 steps:

1. As a first step the device server records the service (registering.c)

2. Server application (server_blue.c) to listen the clients requests for the service
and then exchange information.

3. Client application (client_blue.c) to search for nearby devices and search
the service in each one, if the service is found, the client shares information

with the server, otherwise continues with the search.

As the following examples are a compilation of previous (practically the same
code), the code will not be shown again, only the little changes applied that are
explained below.

server_ blue.c is practically the same as server.c, the difference is that server blue.c
has a service registered, and besides, now we want 10 exchange a structure data

instead strings, we only have to apply the following code lines in server.c.
typedef struct data

char name[50];

int id;
}my_data,rec;
we create rec and my_ data to store the data received and my data.

gtruct data my_data,rec;
//setting my data
strcpy(my_data.name, "Client");
my_data.id=24;

we receive the client data that is stored in rec,
bytes_read=read(client, krec, sizeof (my_data));

print the data received
printf ("Hello my name is %s and my id is %d \n",

rec.name, rec.id);

and send my_data to client:
vrite(client,kmy_data,sizeof (my_data));

Exchanging structure is not so complicated, we only have to be careful when
vou create structures that match the types of data with which we are using.
client _blue.c applies the basic principle to identify nearby devices through
a scan (scan.c), in each device search a service (searchin.g), and if it find it, a
connection is created (client.c) 1o performs an action (exchange structures). It
is necessary to place the code of the 3 examples in one *. The explain is below:
The first step is to declare the struct data my _data and rec used in server_blue.c,

then we scan for nearby devices using the scan.c code
num_rsp = hci_inquiry(dev_id, len, max_rsp, NULL,
kii, flags);
where. for each remote device found:
for (i=0; i < num_rsp; i++)

a SDP connection is made using the Bluetooth address provided (searching.c)
seseion = sdp_connect (BDADDR_ANY, &(ii+i)->bdeddr,

SDP_RETRY_IF_BUSY)

" Both programs can be run on a single computer (server.c and client.c or server _blue.c
and client_ blue.c), just identify the role that each device plays.
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for search the service with the UUID 0xABCD.

err = sdp_service_search_attr_req( session, search_list,
SDP_ATTR_REQ_RANGE, attrid_list, kresponse_list);

if the service is found,
if ((err==0) && (num> 0))

a L2CAP socket connection is made using the same Bluetooth address (server.c),
£ = socket (AF_BLUETOOTH, SOCK_SEQPACKET, BTPROTO_L2CAP);

status = connect(s, (struct sockaddr »)kaddress,

sizeof (address));

and then exchange data structures:
if(vrite(s,&my_data,sizeof (my_data))==-1){
perror("write");

}

bytes_read = reed(s, krec, sizeof (my_data));

The loop ends with this remote device and proceeded to continue with the
next on the num_rsp list, until all go up and exit the program.

There are too much applications we can develop with these basic examples.
It is necessary to mention that these programs are at a very basic level, for which
there are many tools and opportunities offered by C++ and BlueZ that aren’t
in this paper. The purpose of this paper is 10 involve new users in programming
with Bluez /C++ in a quick and easy way, forthcoming work is intended to bring
this approach to one much more advanced .

6 Conclusions and future work

The proliferation of mobile communication devices at low cost and low power
consumption has opened the possibility of developing applications that take ad-
vantage of new models of communication, such as the ad hoc networks. The
Bluetooth technology is having a greater presence in the market for mobile de-
vices. Unfortunately there is little documentation about it. This article presented
the characteristics of Bluetooth and the Bluetooth protocol stack for Linux called
BlueZ, as well as some of the most important utilities for their use. As future
work is developing an application that uses BlueZ and programming languages
C, C++ and Q1 that serve as reference for the development, of future applications
and future BlueZ programmers.

References

1. Jasmin Blanchette and Mark Summerfield. C++ GUI Programming with Qt 3.
Prentice Hall in association with Trolltech Press, 2004.

2. Douglas E. Comer and David L. Stevens. Internetworking with TCP/IP, Vol. 11I:
Client-Server Programming and Applications, Linuz/Posiz Sockets Version. Pren-
tice Hall, November 2000.

3. P. D. Garner. Mobile bluetooth networking: Technical considerations and applica-
tions. 3G Mobile Communication Technologies, page 274, June 2003.

4. The Free Software Fundation Inc. GNU General Public License.
http://www.gnu.org/copyleft/gpl.html.

5. Albert S. Huang and Larry Rudolph. Bluetooth Essentials for Programmers. Cam-
bridge University Press, 1st edition, September 2007.



114 Nakasima-Lépez S., Revna-Belirdn F.. Diaz-Ramirez A., and Calafate C.

Linux Kernel Patches. hitp://www.holtmann.org/linuz/kernel.

BlueZ Official Web Site. htip://www.bluez.org.

The IEEE 802.15.1 Standard. http://www.icee802.019/15/pub/ TG1.html
Bluetooth’s Official Website. hitp://www.bluetooth.com.

ey



Towards an Emergency Domain Name System
Based on a Peer-To-Peer Network

Carolina Del-Valle-Soto, Ivan Razo-Zapata, and Carlos Mex-Perera

Center for Electronics and Telecommunications
ITESM, Campus Monterrey
Av. Eugenio Garza Sada 2501 Sur, Col. Tecnolégico
Monterrey, N.L., CP 64849 Mexico
{carol inadvs@yahoo -com.mx, carlosmex,razozapata}@itesm.mx

Abstract. In this work the performance of a Domain Name System
(DNS) over P2P (Peer-to-Peer) networks is studied. We propose a dou-
ble ring structure of P2P networks to provide a DNS. The architecture
is called eDNS (emergency-DNS). eDNS can be used as an emergency
mechanism in case of loss of availability of the original DNS. eDNS pro-
vides security and robustness for finding information under attacks. The
performance of the proposed architecture was measured with the per-
centage of lost queries and the average number of hops in each query
considering scenarios with a number of compromised nodes. Simulations
show how the performance of the DNS is affected under attacks. Accord-
ing to the results, it is observed that the eDNS architecture overcomes

the damage caused by attacks improving the availability of the DNS
resources.

Key words: Domain Name System, Peer-To-Peer, DNS

1 Introduction

The main purpose of the DNS is to translate domain names into IP addresses.
When a user wants to download a web site, he/she types in the Internet brows?r
the corresponding domain, i.e. www.google.com, then the DNS will try to obtain
the IP address. The DNS structure is based on a hierarchical inverse tree model
(see Figure 1), where the origin is known as “root”. Below that level, there are
domains defined as TLDs (Top Level Domains). Such domains are classified as
gTLDs (generic TLDs such as .com, .net, .org, .edu, .gov, .mil) and ccTI-JI_)s
(country-code TLDs such as .uk, .se, .es, .mx). In order to have data origin
authentication and authenticated denial of existence of domain names for DNS,
Domain Name System Security Extensions (DNSSEC) can be used. DNSSEC
was designed to protect from attacks like DNS cache poisoning [2].

Although DNS is a distributed scheme, it could be affected by some kind of
attacks trying to damage critical TLDs, therefore, attenuating the performance.
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In this way, it is desirable 1o apply another distributed schemes, such as Peer-
to-Peer (P2P) architectures for supporting and protecting the DNS.

The hierarchical DNS is highly sensitive to latency and it has a significant
challenge as to serve efficiently. In addition, the same hierarchical organization
makes DNS have a disproportionate burden on the diflerent levels of the hierar-
chy. The higher nodes are highly susceptible to a denial of service attacks, which
causes a vulnerable security system as a whole. Another problem is that DNS
servers are required for domestic outlets, incurring high administrative costs
because DNS administration has to be manual [11]. That is why we want to es-
tablish a hvbrid proposal that combines the concepts of a P2P network efficiently
to improve the shortcomings that presents the DNS and thus, obtain a search
more quickly and securely through a network bit vulnerable. So, our motivation
is 10 make a robust architecture against attacks that combines the advantages of
DNS with the advantages that presents a P2P network. This can control various
DNS attacks such as denial of existence. Thus, an attack on the root of the DNS
or any attack on the second level of the hierarchy, such as domain TLDs can be
compensated through a double tier P2P-based structure. Then, this structure is
called eDNS and it will be shown that can be a good mechanism for scenarios
such above where a fast, secure and reliable DNS is desirable.

P2P architecture is a growing concept in the world of network technologies
and the Internet. In a P2P system, distributed computing nodes of equal roles or
capabilities exchange information and services directly with each other. The goal
of a data-sharing system is to support a search protocol and retrieve data found
on user caches. The information searches are a fundamental and problematic
aspect of P2P environments because they aim for ensuring that there is not a
single point of failure and offering scalability and dynamism [3].

P2P systems can be classified into 3 categories: Centralized systems , which
have a central directory server to which users (clients) make requests. However,
these systems have a single point of failure which makes them highly vulnerable
[6]; as an example of these systems is Napster. The decentralized systems do
not have a central server, but on the contrary, the nodes form a network among
themselves and thus petitions are sent. Among decentralized networks designs,
some are structured: in which there is a close link between P2P topology and
the Jocation of data; for example, Pastry [9], Tapestry [14], Skipnet, CAN |[8]
and Chord [10). Other decentralized P2P systems are unstructured; where there
is no link between the topology and location of information [1] that is, there is
no precise control between the topology of the network and the place where the
data in it, for instance Gnutella and Freenet.

This work is carried out under an architecture platform defined by Pastry,
using DHT (Dynamic Hash Tables), where each node has a unique identifier
assigned randomly, each object has also allocated a selected identifier and it is
stored in the node whose identifier is numerical closest to the object ID, called
“home node”. The routing is done docking with the prefix resource identifier
node. Each request is traveling across the network with a certain number of
hops up to find the best coupling of the digits of their ID with a specific node.
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Thus, the search space is reduced exponentially. Then, the petition routes is
under O(log(b)N), where N is the number of nodes in the table and b is the
numerical basis used in the system [11].

Fig. 1. Structure DNS Tree.

But the most problems with P2P data-sharing is that the networks adds
overload, latency and low security. Besides it is susceptible to malicious activity,
an attacker peer can insert itself into the network at the various points or a
single point and forwards a lot of queries, or discard them altogether too. Also,
a secure P2P network is challenging because the network topology is dvnamic
and nodes are on-line and off-line very often times. Thus we have problems like
signatures to verify, legitimate packets and drop packets that do not pass the
verification because P2P networks are very susceptible to malicious activity like
previously mentioned. For that reason we propose a double tier structure for a
better distribution of information combined with DNS sub-trees, this is a hybrid
system that takes advantages of both strategies, centralized and decentralized
schemes [12].

The rest of this paper is structured as follows. In the next sections, we de-
scribe related work and the concepts with peer-to-peer architecture over two
tiers with DNS. After that, we present the proposal and then we evaluate the
performance of the network through simulations and give results considering
scenarios with a number of compromised nodes. Afterwards contributions are
summarized. Finally, last section depicts the future work.

2 Concepts

Neither fixed clients nor fixed servers are present into a P2P network, but it con-
tains nodes that behave both as clients and servers. P2P networks manage and
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optimize the use of bandwidth of all users leading to a better workload balance.
Thus, this result gives more efficiency in connections and transfers than with
some centralized conventional methods where a small number of servers pro-
vides total bandwidth and shared resources for a service or application. Among
the most. common and potential applications of P2P networks are sharing and
search files (most widespread application of such networks), distributed file sys-
tems, Internet telephony systems, alternatives to the conventional distribution of
films and television programs and scientific calculations which process databases,
among others [1].

Some of the most common topologies for networks are: star, mesh, backbone,
ring, and combinations between them. In this work the P2P networks are based
on ring topology, where the nodes are connected in a closed circuit without a
central system in the network, like Figure 2. In addition, P2P networks can
work under protocols such as: Tapestry, Pastry, CAN and Chord [8-10,14],
which define how the information is distributed and how the searches must be
performed. For instance, in our proposal we have used Pastry.

NODES

RING STRUCTURE

Fig. 2. Structure of a P2P ring.

In recent studies, it was shown that P2P networks were very much employed
to share information or give hints as to where said information could be found.
In the work presented by Pfeifer et al. [5], he shows a more specific architecture
for P2P networks, either using DHT tables or hash functions is shown. Besides,
information organization and safeguard is achieved in a much easier way through
node creation. These may, without harm to the system, connect or disconnect
themselves on a random basis. Data and network information caching is often
used to reduce response time in P2P networks and this is where the problems
of cache attack or cache poisoning become significant. In the work by Yang and
Garcia-Molina [12], the respective benefits and drawbacks of centralized and
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decentralized forms of P2P architectures are presented. As it can be seen in the
article, the centralized form of P2P networks has some serious disadvantages,
the most conspicuous appear when a node changes places or disconnects itself.
The other nodes (except for the central one) are not notified and the queries will
receive neither up to date information nor a reliable copy of it.

3 Related Work

Previous investigations were focused on resource record security in DNS and they
helped to make the DNS tree safer and more reliable. The article by Avumu Kub-
ota et al. [4] refers the implementation of DNS in a P2P network without loss
of hierarchy. Also, it referred 1o a topology with several tears in a hierarchical
tree form that resembles to DNS structure with important features such as re-
dundancy and number of hops to be made to reach a destination, and here is
where it comes to a close similarity with our work because the replication in
areas seeking 1o minimize the number of hops to get to satisfy a query. In ad-
dition, it refers to possible attacks that can be made on the network, such as a
malicious node can know the well-defined destination and therefore it can know
their neighbors and thus, all of the neighborhood.

The article by Ramasubramanian and Sirer [7] studies the security problem
as an improvement in a specific network rather than as a mandatory requirement
for the structuring of that network. Thus, here DNS plays an important role.
Besides, this network is better structured thanks to DHT tables. In our work
are also used DHT tables for quick search of information, plus giving a better
organization of nodes in the ring. .

The studies that have been made regarding P2P networks focused the‘_’ n-
vestigation on analysis of a single ring, however, the work presented by Haiyun
Luo et al. [13] mentions a dual structure that operates separately . So whafr we
want 1o achieve with our work is maintaining a double-ring, where the two rings
operated jointly and the workload of the petitions does not fall on one of_ them,
but they share the job features such as: information capacity , nodes, time to
answer, among others. In short, in our proposal we want to provide an efficient
solution of two rings that operate in tandem distributing the burden on Phe
network. In addition, we exploit the advantages that provides DNS regarding
security and the possible future use of DNSSEC.

4 Proposal

We propose to use an hybrid system where elements of both, pure P2P and
client /server systems coexist. Currently, hybrid file-sharing systems have bet-
ter performance than pure systems because some tasks (like searching) can be
done much more efficiently in a centralized manner. We propose a two-mfer de-
sign with application layered on pastry and dynamic hash tables (DHTS.), In our
assessment, would comply with this goal. Besides, we distribute the informa-
tion according to popularity of DNS resources and in this manner we balance
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the workload among the nodes of both tiers. Also, with this design we provide
decentralization and self-organization.

Thus. our proposal consists of the arrangement of two rings which will be
the topology for eDNS. In such a way, these rings form two P2P networks in
which actions such as data sharing and data update are performed. One tier
has servers and the other tier has clients and both tiers are connected. For
simplicity, we will refer them as servers and clients rings, respectively. Note that
these names come from the original roles of such nodes in the classical DNS,
however once they are working in a P2P architecture all of them must behave
as peers. Consequently, the workload balance will be improved, once the nodes
that form the ring will have replicates of the resources that are more commonly
requested. Thus, allowing for more efficient and faster request solution.

The servers ring consists of nodes that are responsible for “small” DNS trees.
This helps to improve the information search as it can take advantage of the DNS
can employ, for example, DNSSEC for greater security.

Figure 3 shows how eDNS works. When a client tries to solve a domain
name, it sends a query to the clients ring, if no answer is given then the query
is send to the servers ring. Due to DNS sub-trees in the servers tier, this scheme
is more reliable than an architecture with only clients ring.

SERVERS RING
CLIENTS RING

—
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J\
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~ —

./\.
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\  Dns
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/"\/
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Fig. 3. Clients and servers organize to form double peer-to-peer network with DNS.

Figure 4 shows resources organization in the P2P tier, which is explained
with an example, we have a specific domain: ezample.com, and its hash id is 0121,
which will be located in a node having a hash id close to itself. So, resources are
located according to their neighbors’ hash id to form a logic P2P tier. Besides,
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in Figure 3 we can see the relationship between servers and clients, and servers
with DNS tree.

In the servers ring each node is an “DNS island”, i.e. is a small DNS tree.
These nodes are created as characteristic domains based on the ccTLDs (country
domains, such as .mx, .co) and gTLDs (generic Internet domains for organiza-
tions such as: .com, .net). The advantages that this form of ring organization has
is that it provides delegation of areas and the possibility of establishing “islands
of trust”, all these characteristics of DNSSEC. Then, these trees in each node al-
low greater ease of finding information, better organization of resources and the
possibility of using characteristics and advantages of DNSSEC. As disadvantage
may be that keys and information updates could be made only through each
island of trust independently.

0112

0122

/ \/ \ /\

DNS / \ o *
I BN
DNS

Fig. 4. Self-organization with DHT tables.

Note that servers nodes are normally more robust, while clients belong to
computer users, who frequently connect and disconnected all the time.

5 Simulations and Results

5.1 Preliminary Considerations

Due to the importance of illustrating the performance of the eDNS architec-
ture, it was necessary to feed the eDNS with realistic petitions. Therefore, DNS
petitions were captured from one DNS server which belongs to one university
network. These petitions were captured in the DNS server, and subsequently the
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set of petitions was computed for getting knowledge about the required domain
names and their frequency.

In this way, two files were yield. The first one with the set of petitions sorted
by their arriving time (Time-DNS). and the second with 13818 domain names
sorted by their frequency (Freguency-DNS). Consequently, the eDNS was built
using the information contained into the second file and the petitions into the
eDNS were performed following the same distribution as in the first file.

5.2 Building the eDNS architecture

The DNS information is distributed into the clients tier using DNS lists. There-
fore, each node has a list with domain names. Since both, the store and search of
domain names into the ring are performed using the Pastry protocol, each node
has domain names whose hash id is similar to the node’s hash id.

On the contrary, in the server tier, DNS information is stored using the con-
cept of gTLDs and ccTLDs. For domain names with gTLD and ccTLD, such
as www.google.com.mz, one node will be built using the combination of gTLD,
ccTLD and the domain name, in this way the node will have the google.com.mz
domain. On the other hand, if the domain name has only either gTLD or ¢ccTLD,
such as www.mty.ilesm.mx or www.network.ieee.org, the domain name will have
only the combination of the domain name with the corresponding gTLD or
ccTLD, in this case the nodes will have itesm.mz and ieee.org respectively.
Therefore, the resources that are common domain are stored in a single node,
forming a DNS tree. This allows a more quick efficient search, and the possibility
of exploiting DNSSEC advantages.

The petitions were conducted with the ring of clients and servers operating
jointly. The basic operation of this scheme is as follows: Whenever a query arrives
to the eDNS, the query is passed to the clients ring which responds either with a
positive answer or with a negative answer. If the clients ring responds positively
so the resource was reached, on the other hand if the answer was negative, th;e
clients ring passes the query to the servers ring and the servers ring will respond
to the petition.

Furthermore, in order to test the robustness of the eDNS, some malicious
nodes were introduced into both rings. The coalitioned nodes are malicious
nodes that drop petitions, consequently they make that information can not
pass through them, i.e. they are a barrier in the searching process and also play
like failures into the eDNS architecture.

5.3 Results

Figure 5 shows the percentage of lost queries according to the percentage of
coalitioned nodes in each tier, for instance: 0, 0.03, 0.3, 3, 30 and 45 percent of
coalitioned nodes. The blue-triangled line shows the performance of the clients
tier and the red-circled line shows the performance of the servers tier. As ob-
served, the clients ring lost more messages than servers ring. It is because server-
ring nodes clusters more domain names in their sub-trees. For example, if the
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node with the domain name mty.itesm.mz in the clients ring was lost, also the
petition asking for miy.itesm.mz will be lost, and the message will be redirected
to the node with the itesm.mz domain in the servers ring.

- Percentage (%) Coaslitioned nodes vs Percentage (%) of lost queries
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Fig. 5. Percentage of lost queries

On the other hand, F igure 6 shows the average number of hops in the
clients tier (triangled line) and the servers tier (circled line) for an equal number
of coalitioned nodes, including: 0, 0.03, 0.3, 3, 30 and 45 percent of coalitioned
nodes. Also this figure depicts a tradeoff between clients ring activity and servers
ring activity, therefore the less activity in clients ring the more activity in the
servers ring. In this way, whenever a client-ring node gets a negative answer for
a petition, it will ask for the domain name to the servers ring, so increasing the
workload in the servers ring.

Figure 7 shows tables 1, 2, 3 and 4. Tables 1 and 2 show the percentage
of lost queries according to the percentage of coalitioned nodes in each tier,
as well: 0, 0.03, 0.3, 3, 30 and 45 percent of coalitioned nodes. On the other
hand, Tables 3 and 4 show the average number of hops in the clients tier and
the servers tier for an equal number of coalitioned nodes. Table 1 presents the
result of a test with the more frequent resources, i.e. more popular requests, and
where the nodes in the clients tier share their caches and no shared caches and
it shows the percentage of lost queries. In table 2 results obtained from a test
with less frequent resources are given, i.e. less popular requests, and where the
nodes in the clients tier share their caches and no shared caches and it shows
the percentage of lost queries. Table 3 shows a test with more frequent resources
and where the nodes in the clients tier share their caches and no shared caches
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Percentage (%) Coslitioned nodes vs Average number of hops
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Fig. 6. Percentage of lost queries

and it reports the average of number of hops. Table 4 shows a test with less
frequent resources and where the nodes in the clients tier share their caches and
not share caches and it. presents the average of number of hops.

6 Conclusion

As findings of this study we can say  that regarding the results, the client tier
always has the largest number of hops of lost queries. This is because the server
tier nodes has only two domain levels, maximum three, which makes the search
for more general information. Analyzing comparatively tests with more popular
and less popular domains with shared caches and not shared caches (Tables 1, 2,
3, 4), we can see that when nodes do not share their caches the delay in meeting
a request becomes larger, this shows that the number of hops increases for the
graphic when the cache was not shared between the nodes.

7 Future Work

As future work we intend to make an architecture that responds to changes
in the cache nodes and also to be robust in terms of requests for emergency.
We will trv the issue of denial of existence as a form of direct attack to DNS.
Through a complete interplay of the two P2P rings will be offset the burden on
the network as best. as possible. Also we want to do experiments with the cache
nodes, making the shared cache to work by geographic regions and the possibility
of generating preferences on users. It is also expected to take advantage of the
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characteristics of DNS along with DNSSEC for changing keys on a chain of
trust, providing greater robustness and reliability of the information. Further
simulations will work with a more real cache, where nodes have characteristics
in common and can be related under specific parameters. All this will lead to
a more wisely exploit of the advantages that P2P network offers in conjunction
with the advantages of having a DNS chain of trust, where there cryptographic
keys and information are updated.

Acknowledgment

Authors would like to thank to Catedra de Biometricas vy Protocolos Seguros
para Internet and Google.

References

1. Scott Shenker Edith Cohen. Replication strategies in unstructured peertopeer
networks. SIGCOMM 02, agosto, 2002.

2. Yong Wan Ju, Kwan Ho Song, Eung Jae Lee, and Yong Tae Shin. Cache poisoning
detection method for improving security of recursive dns. JCACT, 2007.

3. Junjiro KONISHI, Naocki WAKAMIYA, and Masayuki MURATA. Design and
evaluation of a cooperative mechanism for pure p2p file-sharing networks. IEICE
TRANS. COMMUN., pages 2319-2326, September 2006.



126 Del-Valle-Soto C., Razo-Zapatia l., and Mex-Perera C.

-1

10.

11.

12.

13.

14.

Avumu KUBOTA, Yutaka MIYAKE, and Toshiaki TANAKA. Secure host name
resolution infrastructure for overlay networks. PAPER Special Section on Network-
ing Technologies for Overlay Networks, IEICE TRANS. COMMUN., 2006.

G. Pfeifer, C. Fetzer. and T. Hohnstein. Exploiting host name locality for reduced
stretch p2p routing. Sizth IEEE International Symposium on Network Computing
and Applications (NCA 2007), 0, 2007.

Edith Cohen XKai Li Scott Shenker Qin Lv, Pei Cao. Search and replication in
unstructured peer-to-peer networks. Department of Computer Science, Princeton
University.

V. Ramasubramanian and E. Gun Sirer. Beehive: O(1) lookup performance for
power-law query distributions in peer-to-peer overlays. Dept. of Computer Science,
Cornell University.

Sylvia Ratnasamy, Paul Francis. Mark Handley, Richard Karp, and Scott Shenker.
A scalable content-addressable network. In ACM SI GCOMM’01., 2001.

Antony Rowstron and Peter Druschel. Pastry: Scalable, decentralized object object
Jocation and routing for large-scale peer-to-peer systems. In IFIP/ACM., 2001.
Jon Stoica. Robert Morris, David Karger, M. Frans Kaashoek, and Hari Balakr-
ishnan. Chord: A scalable peer-to-peer lookup service for internet applications. In
ACM SIGCOMM’01., 2001.

Emin Gun Sirer Venugopalan Ramasubramanian. Beehive: O(1) lookup perfor-
mance for power-law query distributions in peer-to-peer overlays. Dept. of Com-
puter Science, Cornell University.

Beverly Yang and Hector Garcia-Molina. Comparing hybrid peer-to-peer systems.
Proceedings of the 27th VLDB Conference, 2001.

Hao Yang, Haiyun Luo, Yi Yang, Songwu Lu, and Lixia Zhang. Hours: Achiev-
ing dos resilience in an open service hierarchy. Computer Science Department,
University of California, Los Angeles.

Ben Y. Zhao, John Kubiatowicz, and Anthony D. Joseph. Tapestry: An infrastruc-
ture for fault-tolerant wide-area location and routing. Technical Report UCB/CSD-
01-1141, U.C. Berkeley, April 2001. .



Artificial Intglligence







Logic
and Multi-Agent Systems







Optimizing Type-1 and Type-2 Fuzzy Logic
Systems with Genetic Algorithms

Nohe Ramon Cazarez-Castro, Luis T. Aguilar?, Oscar Castillo’,
and Antonio Rodriguez'

! Universidad Auténoma de Baja California, Facultad de Ciencias Quimicas e
Ingenieria, Tijuana BC 22390, Mexico,
noheQ@ieee.org,
WWW home page: http://www.uabc.mx
? CITEDI-IPN, Tijuana BC 22510, Mexico
® Instituto Tecnologico de Tijuana, Tijuana BC 22414, Mexico

Abstract. Genetic Algorithms (GAs) are proposed as optimization method
“for tuning Membership’s Functions (MFs) parameters of Type-1 and
Type-2 Fuzzy Logic Svstems (FLSs). The problem is to find the optimal
MF's parameters to achieve a desired behavior in a closed-loop system.
The case of study of the output regulation of a servomechanism with
backlash is presented. Simulations results illustrate the effectiveness of
the optimized closed-loop systems.

Key words: Fuzzy Control, Fuzzy Logic Systems, Genetic Algorithm,
Type-2 Fuzzy Logic, Optimization

1 Introduction

The design of FLSs is a heavy task that we face every time that we trv to use
Fuzzy Logic (FL) as a solution to some problem, the design of FLSs implies at
least two stages: design of rules and design of MFs.

There has been a lot. work published in the design of Type-1 FLS using GA,
[1] presents GAs as optimization method for control parameters, both to Type-
1 Fuzzy Logic Control (FLC) as other control strategies, in [2] GAs are used
to optimize all the parameters of a Type-1 FLC, in [3] a hybridizing of Neural
Networks and GAs are presented to optimize a Type-1 FLC, a Hierarchical GA
(HGA) is proposed in [4] to optimize rules and MFs parameters of a Type-1
FLC, in general an extended list of references can be obtained from [3] and [4].

Type-2 FLSs [5] are a generalization of Type-1 FLS [6-8], which allow us to
deal with the uncertainty induced into a mechanical system by noise, frictions,
backlash, etc. In the few last vears a growing interest in the research of theories
and applications of type-2 FLS can be seen from the academic and industry
sectors. In [9] is presented an extended review of Type-2 Fuzzy Logic Systems
(FLS) in control applications, and in [10] is presented a comparison between
Type-1 and Type-2 FLCs, giving conditions for the use of each one.
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As Type-2 FLSs are relatively new, and this type of FLS has more parameters
to be optimized, some options have emerged to optimize some of its parameters.
In [11] was proposed a Particle Swarm Optimization (PSO) method to optimize
parameters of the primary MFs of Type-2 FLS. The Human Evolutionary Model
(HEM) is proposed in [12] to the optimization of interval Type-2 MFs, HGAs
are proposed in [13] to optimize gaussian MFs.

Type-2 FLS allow us to deal with uncertainty, but this uncertainty must
to be modeled in form of T\pe-2 MFs, which can carry a new problem in the
designing of FLCs. In [14] it is show that making a uniform modification to the
MF’s parameters to a certain limit, the closed-loop system keep some properties
like stability, but will lost. or gain in some others like performance.

GAs [15], are derivative free optimization methods that have been used in a
wide range of issued, particulary in [16], GAs are presented as a class of opti-
mization methods for FLSs.

In the present paper, the output regulation problem is studied for an electrical
actuator consisting of a motor part driven by DC motor and a reducer part (load)
operating under uncertainty conditions in the presence of nonlinear backlash
effects, is presented as case of study. The objective is to drive the load to a desired
position while providing the boundedness of the system motion and attenuating
external disturbances. Due to practical requirements [17], the motor angular
position is assumed to be the only information available for feedback.

The paper is organized as follows. Type-2 Fuzzy Sets and Systems are pre-
sented in Section I1. A Hybrid Genetic - Fuzzy optimization approach of a Type-2
FLC is presented in Section III. Simulations results are presented in Section IV,
and in Section V the conclusions are presented.

2 Fuzzy Sets and Systems

2.1 Type-1 Fuzzy Sets and Systems

A Type-1 Fuzzy Set (FS), denoted A is characterized by a type-1 MF p4(z)
[15], where z € X, i.e,

A = {(,u(@)Vz € X) (1)

where p(z) is called membership function of the fuzzy set A. The MF maps each
element of X to a membership grade (or membership value) between 0 and 1.

Type-1 FLSs are both intuitive and numerical systems that maps crisp inputs
into a crisp output. Every Type-1 FLS is associated with a set of rules with
meaningful linguistic interpretations, such as:

R':1F z, is A} AND z, is A}, THEN w is B/, (2)

which can be obtained either from numerical data, or from experts familiar with
the problem at hand. Based on this kind of statements, actions are combined
with rules in an antecedent/concecuent format, and then aggregated according
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to approximate reasoning theory, to produce a nonlinear mapping from input
space U = U, x Uz x ... Uy, to output space W, where AL C Uk, k = 1,2,...n,
and the output linguistic variable is denoted by w.

A Type-1 FLS consist of four basic elements (see F ig. 1): the Type-1 fuzzy-
fier, the fuzzy rule-base, the inference engine, and the Type-1 defuzzi-
fier. The fuzzy rule-base is a collection of rules in the form of (2), which are
combined in the inference engine, to produce a fuzzy output. The Type-1
fuzzifier maps the crisp input into Type-1 (FS), which are subsequently used
as inputs to the inference engine, whereas the Type-1 defuzzifier maps the
Type-1 FSs produced by the inference engine into crisp numbers.

=
g
"
=
5

Crisp Inputs E
x " . Fuzzifier Defuxzifier
: 5 cmp?mms
i Type-1 input L 4 Type-1 output i
: f“:z\' f :
: . ‘m% Inference i i :
L J

S S e s s s s c e s s e n et wn s s n s e s T n e e N s anen s e e - e S

Fig. 1. Type-1 Fuzzy Logic System.

FSs can be interpreted as MFs U, that associate with each element of = of
the universe of discourse, U, a number px(z) in the interval [0,1]:

pe : U — [0,1]. (3)

2.2 Type-2 Fuzzy Sets and Systems

As the Type-1 FS, the concept of Type-2 FS was introduced by Zadeh [6-8] as
an extension of the concept of an ordinary FS (Type-1 FS).

A Type-2 FS, denoted A is characterized by a Type-2 MF u;(z,u) [18],
where z € X and u € J, C [0,1], i.e,

A= {((z,u), p5(z,u))|Vz € X, Vu € J; C [0,1]} (4)
in which 0 < p ;(z,u) < 1. A can alse be expressed as follows [18]:
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A= ~/:.-GX [;EJ [JA(:L','U)/(:B,‘U) (5)

where J, € [0,1] and [ [ denotes union over all admissible z and u [18].

J» is called primary membership of z, where J, € [0,1] for Vz € X [18].
The uncertainty in the primary memberships of a Type-2 FS A, consists of a
bounded region that is called the footprint of uncertainty (FOU) [18]. It is the
union of all primary memberships [18].

A FLS described using at least one Type-2 FS is called a Type-2 FLS. Type-1
FLS are unable to directly handle rule uncertainties, because they use Type-1
FSs that are certain. On the other hand, Type-2 FLSs, are very useful in circum-
stances where it is difficult to determine an exact, and measurement uncertainties
[5]-

It is known that Type-2 FS let us to model and to minimize the effects of
uncertainties in rule-based FLS. Unfortunately, Type-2 FSs are more difficult to
use and understand that Type-1 FSs; hence, their use is not widespread yet.

Similar to a Type-1 FLS, a Type-2 FLS includes Type-2 fuzzifier, rule-
base, inference engine and substitutes the defuzzifier by the output pro-
cessor. The output processor includes a type-reducer [5) and a Type-2
defuzzifier; it generates a Type-1 FS output (from the type-reducer) or a crisp
number (from the Type-2 defuzzifier). A Type-2 FLS is again characterized by
IF-THEN rules, but its antecedent and consequents sets are now of the Type-2,
see (6). Type-2 FLSs can be used when the circumstances are too uncertain to
determine exact membership grades. A model of a Type-2 FLS is shown in Fig.
2

§ Rule Base
E Defuzzifier |——>
; ! Crisp Outputs
Crisp1 : Type-1 reduced ‘ Y
:Pﬂ - : Fuzzifier fuzzy sets :
:: Type-reducer ;
g Type-2 Input 4 TY'P"Z ';::l:m :
: fuzzysets 3! Inference = :

Fig. 2. Type-2 Fuzzy Logic System.
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R':1F z, is A} AND z, is A, THEN wis B/, (6)

Note that for both Type-1 FLS and Type-2 FLS rule-base we are describing
the IF-THEN rules following the Mamdani’s (19] type.

3 Genetic Algorithms

GAs are derivative-free optimizations methods based on the concepts of natural
selection and evolutionary process [15]. They were first proposed and investigated
in [20]. As a general-purpose optimization tool, GAs are moving out of academic
sectors and finding significant applications in many areas. Their popularity can
be attributed to their freedom from dependence on functional derivatives and
their incorporation of other characteristics reported in [15].

The main idea of a GA is 10 maintain a population of solutions of a prob-
lem that evolves over a time through a process of competition and controlled
variation. Each individual in the population represents a candidate solution to
the specific problem, and each individual has associated a fitness to determine
which individuals are used to form (by sexual reproduction and mutation) new
ones in the process of competition.

The sexual reproduction of GAs consists basically in a Selection Process
[20], where a set of individuals are selected to be passed through a Crossover
Operation [20], which consist in to take a pair of individuals and interchanging
its gens from one (or more) random selected cross point to the end of the chro-
mosome. Mutation [20] consists in to change one or more randomly selected
gens of the chromosome in some of the selected individuals.

The objective function [20] of a GA is a the value ( fitness) that the method
must maximize or minimize.

4 Case of Study: Backlash Problem

In the present paper, the output regulation problem is studied for an electrical
actuator consisting of a motor part driven by DC motor and a reducer part (load)
operating under uncertainty conditions in the presence of nonlinear backl%'lsh
effects. The objective is to drive the load to a desired position while providing
the boundedness of the system motion and attenuating external disturbances.
Due to practical requirements [17], the motor angular position is assumed to be
the only information available for feedback.

The study is motivated by a PEGASUS robot manipulator (see Fig. 3) in-
stalled in the Robotics & Control Laboratory of CITEDI-IPN where the backlash
problem occurs due to the chains and gears transmission elements. Measurements
are provided from the motor side while the links, attached into the load of the
motor, must be positioned at the desired point.



136 Cazare=-Casiro N., Aguilar L.. Castillo O.. and Rodriguez A.

Fig. 3. PEGASUS robot manipulator of Robotics & Control Laboratory of CITEDI-
IPN, and view of the problem in question given by each degree of freedom.

4.1 Dynamic Model

The dynamic model of the angular position g;(t) of the DC motor and g,(t) the
angular position of the load are given according to

JoN~3Go + foN"2go =T + wo
JiGi + fiGi + T = Tm + wi, (7)

hereafter, Jo, fo, o and go are, respectively, the inertia of the load and the
reducer, the viscous output friction, the output acceleration, and the output
velocity. The inertia of the motor, the viscous motor friction, the motor accel-
eration, and the motor velocity denoted by J;, fi, ¢; and ¢;, respectively. The
input torque 7,, serves as a control action, and T stands for the transmitied
torque. The external disturbances w;(t), wo(t) have been introduced into the
driver equation (7) to account for destabilizing model discrepancies due to hard-
to-model nonlinear phenomena, such as friction and backlash.
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The transmitied torque T through a backlash with an amplitude 7 is typically
modeled by a dead-zone characteristic [21]:

0 Ag| <
T(Aq) = _ |4dl _ (8)
K Aq — K jsgn(Aq) otherwise
with
Aq === NQO, (9)

where K is the stiflness, and N is the reducer ratio. Such a model is depicted in
Fig. 4. Provided the servomotor position ¢;(t) is the only available measurement
on the system, the above model (7)-(9) appears to be non-minimum-phase be-
cause along with the origin the unforced system possesses a multivalued set of
equilibria (gs, go) with ¢; =0 and ¢, € [-7, )

To avoid dealing with a non-minimum-phase system, we replace the backlash
model (8) with its monotonic approximation:

T = KAq— Kn(Aq) (10)
where
1 —exp -
n=-2j { ‘:} (11)
1+exp{——.9}

L

Coupled to the drive system (7) subject to motor position measurements,
it is subsequently shown to continue a minimum phase approximation of the
underlying servomotor, operating under uncertainties w;(t), wo(t) to be attenu-
ated. As a matter of fact, these uncertainties involve discrepancies between the
physical backlash model (8) and its approximation (10) and (11).

4.2 Problem statement

To formally state the problem, let us introduce the state deviation vector = =
[z1, 2, 23, T4, ]T with

T = go — Qd
T2 = go
z3=¢; — Ngqg

Ty = g;
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Fig. 4. a) The dead-zone model of backlash; b) The monotonic approximation of the
dead-zone model.

where z; is the load position error, z2 is the load velocity, 3 is the motor
position deviation from its nominal value, and x4 is the motor velocity. The
nominal motor position Ngg has been pre-specified in such a way to guarantee
that Ag = Az, where

Az = z3 — Nz;. (12)
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Then, system (7)-(11), represented in terms of the deviation vector z, takes
the form

Ty =2
a':2=J0‘1[KN:z:3—KN2:1:1 = Jox2 + KNn(Aq) + w,) (13)
T3 = T4
&g = J,-—lle + KN.’I:] - K$3 i f,-a:4 +Kn(Aq) 3 w,-].
The zero dynamics
= (14)
To = JJ] [—KN2$1 - foxa + KNT}(-N.’L'l)]
of the undisturbed version of system (6) with respect to the output
y=uz3 (15)

is formally obtained by specifying the control law that maintains the output
identically zero.

The objective of the Type-2 FLC output regulation of the nonlinear driver
system (7) with backlash (10) and (11), is thus to design a FLC so as to ob-
tain the closed-loop system in which all these tra jectories are bounded and the
output go(t) asymptotically decays to a desired position ga as 1 — oo while also
attenuating the influence of the external disturbances w;(t) and wo(t).

9 Fuzzy - Genetic Architectures

In this paper we use a GA to optimize the parameters of the MFs of a Type-1
FLS and a Type-2 FLS, this optimization is performed assuming that each FLS
have a preestablished fuzzy rule-base.

By the knowledge that we have about the svstems of our case of study, we
propose the seven rules of Table 1, where can be seen that we select two input
variables (error and change of error) and one output variable (CODtTOl?,
each one of this input and output variables are granulated in three linguistic
interpretations (MFs), this linguistic interpretations are: negative (n), zero (z)
and positive (p).

The next two subsections describe the architectures for each one of the opti-
mization approaches.

5.1 Fuzzy - Genetic Architecture for Type-1 FLS

To make the Type-1 Fuzzy - Genetic optimization we are considering triangular
MFs to each one of the linguistic interpretation in which we granulate the three
variables of the FLS, we encode each individual in a 27 real gens chromosome
[22], where are represented the three parameters of each one of the three MFs
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Table 1. Fuzzy IF-THEN rules

No. error change of error control

1 n n P
2 n P z
3 n z P
4 P P n
5 P n z
6 P z n
T z z Z
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Fig. 5. Genotype for Type-1 FLS.

of each one of the three variables of the Type-1 FLS, this is called a genotype
[22] of the population, see Fig. 5 for an schematic representation.

In this case we select the objective function of equation (16). To achieve
our optimization problem, we must to minimize this objective function.

fitness; = min(meanl|error|) (16)

The set of parameters of the GA are shown in Table 2.

5.2 Fuzzy - Genetic Architecture for Type-2 FLS

To make the Type-2 Fuzzy - Genetic optimization we are considering Triangular
Interval MFs to each one of the linguistic interpretation in which we granulate
the three variables of the FLS; following the proposed in [23]-[24] we need six
parameters for each Triangular Interval Type-2 MF, that is, we need to encode
a total of 54 parameters for each individual (Type-2 FLS) of our population,
to make this encoding we design a chromosome structure of 54 consecutive real
gens, where are represented the six parameters of each one of the three Triangular
Interval Type-2 MFs of each one of the three variables of each Type-2 FLS
(individual) of our population. Fig. 6 show an schematic of the genotype [15] of
our Type-2 Fuzzy - Genetic optimization approach, where the subindex of each
gen represents the parameter number of the MF in question and the superindex
represent the number of the gen in question, remember that each Triangular
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Table 2. Parameters of the Genetic Algorithm

Parameter Value
Representation real
Population size 10

Selection method Roulette [15]
Cross method  two points

Rate of cross 0.8
Mutation method Gaussian
Rate of mutation 0.1

Elitism [15] 2

Generations 100

Interval Type-2 MF is represented by six parameters (gens) which means the
left hand side of Fig. 6 represents the MF negative of input variable error, and

the right hand side of Fig. 6 represents the MF positive of the output variable
control.
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Fig. 6. Genotype for Type-2 FLS.

Our optimization problem is again a minimization, and with the objective
function [15] of equation (16) we express that we want to minimize the mean
error in our solutions space.

The set of the GA parameters are the same shown in Table 2.

6 Simulations Results

To perform simulations we use the dynamical model (7) of the experimental
testbed installed in the Robotics & Control Laboratory of CITEDI-IPN (see Fig.
7), which involves a DC motor linked 1o a mechanical load through an imperfect
contact gear train [21]. The parameters of the dynamical model (7) are in Table



142 Cazare=-Casiro N., Aguilar L.. Castillo O., and Rodriguez A.

3, while N = 3, j = 0.2 [rad], and K = 5 [N-m/rad]. These paremeters are taken
from the experimental testbed.

Fig. 7. Experimental test bench.

Table 3. Nominal parameters.

Description Notation Value  Units
Motor inertia Ji 2.8x107° Kg-m*

Load inertia Jo 1.07 Kg-m?
Motor viscous

friction fi  7.6x107" N-m-s/rad
Load viscous

friction Jo 1.73 N-m-s/rad

The input-output motion graph of Fig. 8 reveals the gear backlash effect of
the system.
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Fig. 8. Backlash hysteresis before compensation.

6.1 Numerical Solutions for the Type-1 FLS - Genetic Architecture

The GA was implemented using the Genetic Algorithm and Direct Search Tool-
box [25], each individual (Type-1 FLS) of the population was tested in a closed-
loop system modeled in Simulink, in that model we consider the angular motor
position as the only information available for feedback. In the simulations, the
load was required to move from the initial static position g0(0) = 0 [rad] to the
desired position g4 = 7 /2 [rad]. In order to illustrate the size of the attraction
domain, the initial load position was chosen reasonably far from the desired po-
sition. The GA was executed in a PC Computer with Intel Pentium processor
of 2.4 GHz and 512 Mb of RAM. Four executions conclude satisfactory and the
solutions are concentrated in Table 4.

The GA was executed in about 26 hours (see Fig. 9 for details of convergence),
producing the results shown in Table 4, Table 4 include the settling time of each
individual, and as can be seen, all the individuals converge 1o a same fitness,
this can be caused because there are just 27 gens in the chromosome (see Fig. 5)
and the Crossover Operation makes than all individuals merge in the same

one, moreover, the objective function (16) is not designed to considerate this
case of situations.

Table 5 shows the chromosome of the resulting individual of Table 4, and its
phenotype is in Fig. 10, its surface of control is in Fig. 11 and Fig 12 shows the
system’s response for this individual.
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Fig. 9. Evolution of GA for the Type-1 FLS - Genetic Architecture.

Table 4. Genetic Algorithm Results for the best execution of the Type-1 FLS.

Individual Fitness Settling Time
0.0519 38.2158
0.0519 38.2158
0.0519 38.2158
0.0519 38.2158
0.0519 38.2158
0.0519 38.2158
0.0519 38.2158
0.0519 38.2158
0.0519 38.2158
0.0519 38.2158
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Table 5. Data of the best individual of the Type-1 FLS - Genetic Architecture.

Variable Membership Function a b c
negative -1.5000 -1.0000 -0.5377
error zZero -0.1173 -0.1173 2.3416
positive -0.5380 1.0000 1.5000
negative -1.5000 -1.0000 0.0258
change of error zero -0.4957 0.6905 0.6905
positive -0.5658 1.0000 1.5000
negative -1.5000 -1.0000 -0.6166
control Z2€ero -0.6619 0.7550 0.7550
positive 0.0800 1.0000 1.5000
negative zero positive
1 1 1
Z o5 € os Z o0s
0
-1 0 1 91 0 1 91 0 1
domain x domain x domain x
1 1 1
Z o5 Z os Z o0s
0
-1 0 1 91 0 1 91 0 1
domain x domain x domain x
1 1 1
? — —_—
= 0.5 -3‘5_ 0.5 -’__:‘L- 0.5
0 0 0
b 0 1 -1 0 1 -1 0 1
domain x domain x domain x

Fig.10. Phenotype of the best individual of the Type-1 FLS - Genetic Architecture.
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Fig. 11. Surface of control of the best individual of the Type-1 FLS - Genetic Archi-
tecture.
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Fig. 12. Simulation result of the best individual of the Type-1 FLS - Genetic Archi-
tecture.



Optimizing Type-1 and Type-2 Fuzzy Logic Systems with Genetic Algorithms 147

6.2 Numerical Solutions for the Type-2 FLS - Genetic Architecture

The GA was implemented using the Genetic Algorithm and Direct Search Tool-
box [25], each individual (Type-2 FLS) was implemented in the Interval Type-2
Fuzzy Logic Toolbox reported in [23]-[24]. and each individual of the population
was tested in a closed-loop system modeled in Simulink, in that model we con-
sider the angular motor position as the only information available for feedback.
In the simulations, the load was required to move from the initial static position
90(0) = 0 [rad] to the desired position gg = 7 /2 [rad]. In order to illustrate the
size of the attraction domain, the initial load position was chosen reasonably far
from the desired position. The GA was executed in a PC Computer with Intel
Pentium processor of 2.4 GHz and 512 Mb of RAM.

The GA was executed in about 200 hours (see Fig. 13 for details of conver-
gence), producing the results shown in Table 6, including the settling time of
each individual, and as can be seen, a best fitness do not mean a best settling
time, this because the objective Sfunction (16) is not designed to achieve this
performance Ineasurement, moreover, some of this results can give a good per-
formance in simulation, but in physical applications can be destructive for the

mechanisms.
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Fig. 13. Evolution of GA for the Type-2 FLS - Genetic Architecture.

From Table 6, the individual number six is the best solution of the GA, this
because it have the best fitness, Table 7 shows the chromosome of individual
number six who’s phenotype [15] that is depicted in Fig. 14. Fig. 15 shows its
surface of control and Fig. 16 shows the system’s response for this individual
number six.
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Table 6. Genetic Algorithm Results of the Type-2 FLS.

Individual Fitness Settling Time
0.3032 17.1036
0.8898 24.1193
0.8593 15.3227
0.3046 17.0761
0.3809 16.0508
0.3004 15.2611
0.3308 16.4957
2.2201 22.9921
0.6113 20.8435
2.3717 35.2812

SOOI U B wWN -

Table 7. Data of the best individual of the Type-2 FLS - Genetic Architecture.

Variable u al bl cl a2 b2 c2

negative -1.0000 0.2176 0.2176 0.3012 0.4293 0.4293

error zero -0.1982 -0.1982 -0.1912 -0.4260 0.8378 0.8378
positive 0.2669 0.2669 1.0000 -0.5479 -0.5479 1.0000

negative -1.0000 0.3504 0.6897 0.0926 0.9659 0.9659

change of error zero -0.6963 -0.6963 -0.1490 -0.4170 0.0000 0.4005
positive 0.2611 0.4405 1.0000 -0.9561 -0.9561 1.0000

negative -1.0000 0.4586 0.4586 -0.6673 0.7247 0.7247

control zero -0.4571 -0.4571 0.7067 0.0446 0.0446 0.0446
positive 0.6220 0.9432 1.0000 -0.0605 -0.0605 1.0000
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0
domain x

domain x

Fig. 14. Phenotype of the best individual of the Type-2 FLS - Genetic Architecture.
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Fig. 15. Surface of control of the best individual of the Type-2 FLS - Genetic Archi-
tecture.
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Fig. 16. Simulation result of the best individual of the Type-2 FLS - Genetic Archi-
tecture.
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7 Conclusion

The main goal of this paper was to develop hvbrid approaches combining GAs
with Type-1 and Type-2 FLSs for the design and optimization of Type-1 and
Type-2 FLCs. The optimized Type-1 and Type-2 FLCs were designed for the
case of study of the output regulation of a servomechanism with backlash, giving
to the GA a heavy task because the nonlinearity of the proposed problem, and
a heavy task test to the Type-1 and Type-2 FLCs for the high uncertainty in
the case of study.

The GA was implemented and performed in a satisfactory fashion, giving a
whole family of solutions of Type-1 and Type-2 FLCs to the problem in question,
some of the resulting solutions give us best performance that other ones.

In this paper we are reporting explicitly just one of the solutions for Type-1
and Type-2 FLCs because of space limitations. The solutions reported in this
paper are evidently different. each from another, confirming that as in the Type-1
FLS, Type-2 FLS can be obtained from human expertise, and in this case, each
solution can be a representation of the expertise of different experts.

The combination of a GA and Type-1 and Type-2 FLSs results to be a good
method for the proposed problem, but the time necessary to run each generation
of the GA is too big, and maybe we can find another set of solutions faster by
trial and error, but those results most probably will not be optimal.

If we compare the resulting best optimized Type-1 and Type-2 FLCs, is
evidently that the Type-2 FLC is betier that the Type-1 FLC, this because from
12 and 16 we can see that the response of the closed loop system is more soft from
optimized Type-2 that from optimized Type-1 FLCs, and in 12 we can see that
the optimized Type-1 FLC is giving a motor behavior that may be destructive to
the physical mechanism and this do not occur with the optimized Type-2 FLC.
Moreover, the settling time of the response of the closed-loop systems with the
optimized Type-1 FLC is twice as long that the responte of of the closed-loop
systems with the optimized Type-2 FLC.

Comparing the necessary time to the convergence of the Type-1 and Type-2
FLCs approaches, optimize the Type-2 FLC needs almost eight times that the
time needs to optimize the Type-1 FLC.

GAs has been proved in this approach that are a good method to optimize
MF’s parameters in the designing of Type-1 and Type-2 FLSs, however, we must
be aware of the price we pay for using GA, that is, we must to be agree in spend
so much computation resources, like memory and CPU time.
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Abstract. A Distributed Interaction System (DIS) consists of a set of
autonomous software agents, capable of communicating among each other with
cooperation and coordination purposes. To achieve their goals, all software
agents in a DIS must exchange messages following a protocol. Currently there
are research efforts 10 provide standard mechanisms to achieve cooperation
between multiple heterogeneous DIS. However, there are still some issues that
must be solved in order to fully automate integration and inter-operation
between them. One of this problems is interoperation In this paper we present a
novel approach for computing pragmatic similarity for multiple DIS, our
objective is 1o support system developers and integrators with specific
information concerning the pragmatic similarity among multiple software
agents. We describe a case study to show the applicability of our approach.

Keywords: Distributed Interaction Systems, Pragmatic Similarity Measure.

1 Introduction

A DIS consists of a set of autonomous, independently developed software agents,
which have communication capabilities for cooperation and coordination among
them. To achieve their goals all software entities in a DIS, exchange messages
following an interaction protocol. Currently Internet-based environments have gained
more atention than ever, and many software entities independently developed are
being deployed on the Web, causing the problem of heterogeneity. Heterogeneity in
DIS has many causes: use of different hardware and operating systems, use of
different programming languages for implementation, different data base management
software, different naming techniques, different data and code formats, etc.
Considering this inherent DIS heterogeneity, 1o provide software entities with
mechanisms to be adaptable at run time to interoperate in dynamic and complex
environments such as Internet, represents an open problem. Therefore, research
efforts 10 model interactions between different software entities, and evaluate the
behavior similarity among them, will benefit the design selection of an interoperable
solution for DIS over Internet. .
Many authors have approached this problem from a data-based perspective, which
we will refer as the data approach. We consider this is a good solution approach,
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which has proven good results. However, this data approach has been mainly used for
heterogeneous information sources integration: such as distributed data bases,
vocabularies, ontologies. taxonomies, etc. This data approach would be enough if
Internet was populated only with information sources, but it is not. Indeed, Internet
has more than only data: it has programs, agents, Web applications, etc. We will refer
10 this kind of sources as interactive software entities. These interactive software
entities have to communicate to each other through the exchange of messages,

following interaction protocols or rules.
In this paper we focus on the pragmatic aspect of interactive software entities, in

particular we propose an approach for computing pragmatic similarity between
software entities, which use different interaction protocols. Our approach is based on
the analysis of transition functions extracted from interaction protocols modeled with
Finite State Machines (FSM). The aim of this research is to provide software
programmers Or system integrators with mechanisms 1o compute pragmatic similarity
among interactive software entities, in order 10 identify or propose a good solution for
dynamic interoperation.

To evaluate our solution we have implemented a Web-based interaction
environment, into which different software entities can be deployed to execute
communications among them. Our environment incorporates an Ontology-based
translator 1o help sofiware entities whenever there is a misunderstanding. We also
proposed a pragmatic measure 10 evaluate a priori the level of similarity. We executed
a series of experiments to show that the resulting set of pragmatic relations improve
interactions between heterogeneous software entities.

The rest of the paper is organized as follows. In section two we present a brief
description of representation formalisms which have been used for modeling,
simulating and implementing interactions in DIS. In section three we describe the
pragmatic representation of software entities. In section four we present an example to
show the applicability of our approach. In section five we describe the implemented
interaction environment. In section six we present the experimental results. In section
seven we present related work and finally, in section eight we conclude.

2 Representation Formalisms

There are various formalisms reported in literature 10 model DIS, for example Petri
Nets, Colored Petri Nets, Pi-calculus, AUML, BPEL. OWL-S.

Petri Nets. Petri Nets were first introduced by Carl Adam Petri, as a result of his
Ph.D. thesis in 1962 [1]. Petri Nets have been used 10 analyze and verify systems in
different areas of science, such as artificial intelligence, concurrent systems, control
sysiems, analysis of networks, etc. Petri Nets represent a traditional formalism for
modeling interactions and concurrency. A Petri Net is a directed, connected, bipartite
graph with annotations, in which each node is either a place or a transition. Tokens
are in places, when there is at Jeast one token in every place connected 10 a transition,
then that transition is enabled. '

Colored Petri Nets. Colored Petri Nets [2] are based on Petri Nets, but the have
added properties. Tokens are not simply blank markers, but have data associated to
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them. A color in a token represents a schema or type specification. Places are scts'of
tuples. called multi-sets. Arcs specify the schema they carry. and can also spt_‘.CIfy
Boolean conditions. Arcs exiting and entering a place may have an associated
function which determines what multi-set elements are 10 be removed or deposited.
Boolean expressions, called guards, are associated with the transitions, and enforce
some constraints on tuple elements. Colored Petri Nets are equivalent 1o Petri Nets,
but the richer notation of colored Petri Nets makes them more suitable for modeling
interactions with more information. )

Pi-Calculus. Is a process algebra presented in [3]. It is a formalism for modeling
concurrent processes. whose configurations may change as the process executes over
time. In Pi-Calculus the fundamental unit of computation is the transfer of a
communication link between two processes. The simplicity of the Pi-Cak;qlus 1s
because it includes only two kinds of entities: names and processes. These entities are
sufficient to define interaction behavior. .

AUML. Agent Unified Modeling Language is a representation formalism which
facilitates the visual development of multi-agent systems, with emphasis on agent
conversations. It was first introduced by [4]. AUML is concerned mainly with
interaction diagrams for conversation modeling. Interaction diagrams mainly extend
the OMG definition of UML sequence diagrams with the possibility to express
explicitly concurrency in the sending of messages.

BPEL. Business Process Execution Language [5] is a formalism used 'for
specifying the composition of Web services. It was created to standardize interaction
logic and process automation between Web services. BPEL is a convergence of
language features form WSFL and XLANG. However, this language lacks well
defined semantics, which makes it difficult to reuse and compose. _

OWL-S. OWL-S [6] is one of the standards for the description of Web services. It
includes a process model for Web services. Each process is described by three
components: inputs, preconditions and results. Results specify what outputs and
effects are produced by the process under a given condition. )

FSM. FSM [7] represents a powerful formalism for describing and implementing
the control logic of an interaction system. They are suitable for implementing
communication protocols, control interactions and describe transitional functions.
FSM mainly consist of a set of transition rules. In the traditional FSM model., the
environment of the machine consists of two finite and disjoint sets of signals, input

signals and output signals. Also, each signal has an arbitrary range of finite possible
values.

The above described representation formalisms are useful 1o model interactions
among distributed software entities. However. not all have the same purpose anq
facilities. Some are good for modeling interactions formally (Petri Nets, Co](?red Petrf
Nets, Pi-Calculus and AUML), others have tools for verification and simulation (Pgm
Nets and Colored Petri Nets). others are good for executing and implementing
composite processes (BPEL and OWL-S). But for the aim of this work we have
selected FSM because they offer a simple manner of implementing transitional
functions in order to compute similarity in pragmatics of represented protocols.
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3 Representing Pragmatics

One of the main problems we faced when trying to evaluate the pragmatics of a
software agent, was the selection of the appropriated interaction protocol
representation formalism. As it was described in Section 2, there are various
formalisms reported to achieve this goal. However, some are useful for modeling
(UML diagrams, Pi-Calculus). some others are good for executing processes (BPEL
OWL-S). some are good for simulating interaction processes (Petri Nets and Coloreé
Petri Nets), but we needed 10 use a formalism easy to implement and therefore to
compute. We also needed a formalism which would help us in the automatic
discovering of functionalities, which is our work in progress. Thus, we selected FSM

for this reason.

A FSM is a wple (S, 1, O, /1, fo, s0), where
S is a finite set of states,

I is the set of inputs,

0 is the set of outputs,

/i is the transitional function,

fo is the output function and

s0 represents the output state.

For the purpose of our work we have adapted this FSM definition in order 10
represent pragmatics of interaction systems. In particular we have adapted the
transition functions to represent initial states, and final states generated by an
incoming message.

The methodology we followed for extracting and representing pragmatics from a
software entity is described next.

a) Acquisition of software entities protocols and communication messages details
Currently this process is executed manually through a Web-based environment. .

b) FSM drawing. This process requires extensive human interaction, because we
need 10 build FSM in order to obtain transition functions from them.

c¢) Transition functions generation. This process consists of analyzing the FSM
diagrams 1o identify arcs and define the transitional functions.

In order to compute pragmatic similarity between different interaction protocols we
established a common set of states., to allocate all the messages and transition
func?ions in those states. Therefore, we adopted the proposal of Miiller [8]. Miiller
specifies that any communication protocol consists of three general states: start, react
or complete depending on the moment in the FSM when the primitive is issued, but
we added another the modify state to be more specific about a conversation between
software entities.
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4 An Example

In this section we present an example 10 show the applicability of our approach. The
objective of this case is 10 represent and measure similarity among a set of interaction
protocols from three different software entities using their communication message
details.

Given a DIS integrated with three software entities e;, e, and e;, each with its own
interaction protocol IP.

DIS = { IPe,, IPe;, IPe;)

For each IP there is a set of primitives which are used as communicative acts to

send and receive messages among them. The set of interaction primitives for each IP
are as follows.

1IPe; = {Initial_Offer, RFQ, Accepi, Reject, Offer, Counter_Offer)

IPe; = {CFP, Propose, Accept, Terminate, Reject, Acknowledge, Modify:,
Withdraw)

IPe;= {Requests Add, A uthorize_Add, Require, Demand, Accepi, Reject, Unable,
Reguire-for, Insist_for, Demand _for)

Based on the set of primitives described we manually generated the FSM and
defined the set of transition functions to compute similarity. In Fig. 1 we present the

state transition diagram of interaction protocol of software A. In Table 1 we describe
the set of transition functions of software A.

propose terminate

modify terminate

Fig. 1. Interaction protocol for software A
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Table 1. Transition functions of software A

Transition functions of interaction
protocol of software A
Ji(start, CFP) = react

fi(reaci, Propose) = react
Ji(react, Acknowledge) = siart
Si(react, Modify) = modify
Ji(react, Withdraw) = start
fi(react, Reject) = finalize
Ji(react, Accept) = finalize
Ji(modify, Reject) = finalize
Ji(modify, Accept) = finalize
Jitreact, Terminate) = finalize
fi(start, Terminate) = finalize

Fig. 2 shows the state transition diagram of software B. In Table 2 we present the
transition functions of interaction protocol of software B.

Initial-offer

offer Counter-olf

Fig. 2. Interaction protocol of software B

Table 2. Transition functions of software B

Transition functions of interaction
protoco) of software B
Ji(start, RFQ) = react

Ji(react, Initial-offer) = react
fi(react, Counter-offer) = modify
fi(react, Offer) = react
Ji(modify, Accept) = finalize
Ji(modify, Reject) = finalize
Ji(react, Reject) = finalize
fi(react, Accept) = finalize
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Fig. 3 presents the state transition diagram of software C. Table 3 shows the

transition functions of interaction protocol of software C.

Propose Call for

proposal Termu.:ate

PTOpOSA

proposal

proposal

Fig. 3. Interaction protocol of software C

Table 3. Transition functions of software C

Transition functions of interaction protocol of software
C
Jistart, Call for proposal) = react
Ji(react, Propose proposal) = react
Jitreact, Inform Proposal) = start
Ji(react, Change Proposal) = modify
Jitreact, Withdraw Proposal) = react
Jitreact, Reject Proposal) = finalize
Ji(react, Accept Proposal) = finalize
Ji(modify, Reject Proposal) = finalize
Jitmodify, Accept Proposal) = finalize
Ji(start, Terminate Communication) = finalize

4.1 Computing Similarity

To compute pragmatic similarity we need first to calculate the 1ot§al. number c;{
different interaction links and identify the set of pairs of software entities that wi

interact among them.

a) Number of Interaction links

Considering a set of n software entities, the possible number of peer 10 peer
interaction links among them is n’. However, as we are evaluating
heterogeneity, we need 1o extract the number of interaction ]inkg wht'tre software
entities are equal, which is n. We also considered that a interaction link between
software entities (a, b) has the same heterogeneity as an interaction link of
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software entities (b, a). thus we reduced the number of different interaction links
dividing by 2.

CL = (n*-n)/2
(1
CL=(3%-3)2=3

B) Set of Different Interaction links
Considering a set of software entities, the set of different interaction links is

given by:
DCL = { (ah 02), (al. 03), vee y (aft aj) }
DCL={(4,B),4,0),(B 0]

(2)

Algorithm for Computing Pragmatic Similarity

Our algorithm is based on the equivalence definition of FSM. Given two FSM, two
states that belong 1o each FSM are said to be equivalent if for a given initial state and
a given input message, the resulting state is the same. We adapted this definition, but
we are considering that the input messages may be syntactically different, and then
we are computing similarity among these different messages as follows: if their initial
states and their final states are equal, then the syntactically different messages are
pragmatically similar. To compute pragmatic similarity we implemented an array-
based algorithm. For our case study we implemented three arrays, each with three
columns which represent: the initial state, the input primitive and the final state. The
algorithm is executed for each different communication link (ai, aj), where ai

represents the array of agent i.

The result of this algorithm is a set of relations, which will help as the basis for a
translation approach solution.

For each transition function ft of a,
For each transition function ft of a,
1f (a,[initial-state] is equal to a /[initial-state])
and (a,[final-state] is equal to
a, [final-state])
if (a,[input-primitive]
is-different-syntactically to
a, [input primitive])

a, [input-primitive]
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is-similar-pragmatic to
a linput primitive]

Afier obtaining the resulting set of similar functions, we have 1o evaluate them, in
order 1o check inconsistencies. We defined only similar pragmatic relations for
primitives that are syntactically different. We did not established differences as
relations, because this kind of relations will not support interoperability. However,
they are important 10 measure helerogeneity and to propose another solution based on

a learning approach. Results of this process are shown in Tables 4, 5 and 6. To define
relations we used the form:

REL(S, P, S; Pj)
where

Si is the software issuer of primitive P;
Sj is the software issuer of primitive P;

Table 4. Set of relations of interaction link between software entities A and B

IL(A, B)

REL(A, CFP. B. RFQ)
REL(A, Propose, B, Initial_Offer)
REL(A, Modify, B, Counter_offer)

REL(A, Propose. B. Offer)
REL(A. Terminate, B. Reject)
REL(A, Terminate, B. Accept)

Table 5. Set of relations of interaction link between software entities A and C

IL(A, C)

REL(A, CFP. C, Call for proposals)
REL(A, Propose, C, Propose proposal)
REL(A, Modify, C. Change proposal)

REL(A. Withdraw, C, Withdraw proposal)
REL(A, Acknowledge, C. Inform proposal)
REL(A, Accept, C, Accept proposal)
REL(A, Reject, C, Reject proposal)
REL(A, Terminate. C. Terminate communication)
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Table 6. Set of relations of interaction link between software entities B and C

IL(B, C)

REL(B, RFQ, C, Call for proposals)
REL(B, Offer, C, Propose proposal)
REL(B. Counter_offer, C, Change proposal)
REL(B. Accept, C. Accept proposal)
REL(B. Reject. C. Reject proposal)
REL(B, Initial Offer. C. Propose proposal)

4.2 Pragmatic Similarity Measure

Another important result is a pragmatic similarity measure, which will help to analyze
more precisely the level of similarity of a set of software entities. In this section we

describe this measure.

The pragmatic similarity measure is a ratio which results from dividing the number
of equivalent functions by the total number of transition functions from participating

software entities protocols.

a) Number of transition functions

The total number of transition functions is obtained from the sum operation of

all sets of transition functions.
NTF = |TFa;+ TFa;+ ... + TFa,| (3)

b) Number of equivalent functions

The total number of equivalent functions (NEF) results from the sum of the

resulting set of the algorithm.

¢) Pragmatic similarity

The pragmatic similarity results from dividing the number of equivalent
functions by NFT, which is the ratio that will serve as an indicator for

evaluating pragmatic similarity.
Pragmatic similarity = NEF /NFT (4)

Table 7. Pragmatic similarity measure between each interaction link

IL NEF NTF Pragmatic
Similarity
A.B 6 19 3]
A.C 8 2] 38
B.C 6 18 33
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The resulting pragmatic similarity ratios for the three interaction links is shown in
Table 7.

Therefore a ratio of 1 indicates a fully pragmatic similarity between software
entities, while a ratio of 0 indicates impossibility of interoperation between both
software entities.

S Interaction Environment

To evaluate our approach we implemented an interaction environment populated with
the set of software entities described in Section 4. We also implemented a translator
module which is invoked whenever is necessary. The general architecture for the
execution of interaction protocols is illustrated in Figure 4. This architecture has an
intermediary program which is responsible for initialization of interaction processes,
sending and receiving messages form both sofiware entities, and recording the
communication until an ending message is issued by any of the participants.

sl o 0 o

Fig. 4. Interaction Web-based architecture

The software entities are programmed by their respective owners to define their
preferences and interaction strategies. For example, a seller software entity will be
programmed 10 maximize his profit, establishing the lowest acceptable price and the
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desired price for selling. In contrast, a buyer software entity is seeking to minimize
his payment.

The translator module is invoked whenever the software does not recognize a
message from the other sofiware. The translator module was implemented using
Jena'. a framework for building Semantic Web applications. It provides a
programmatic environment for OWL, including a rule-based inference engine. For the
description and execution of communication processes. we used BPELAWS.
BPEL4AWS defines a model and a grammar for describing the behavior of a business
process based on interactions between the process and its partners. BPEL4WS
represents a convergence of the ideas in the XLANG and WSFL specifications. Both
XLANG and WSFL are superseded by the BPELAWS specification. The interaction
with each partner occurs through Web service interfaces, and the structure of the
relationship at the interface level is encapsulated in what we call a partner link. The
BPELA4AWS process defines how multiple service interactions with these partners are
coordinated to achieve a business goal, as well as the state and the logic necessary for

this coordination.

5.2 Translator Functionality

The translator acts as an interpreter of different software entities. The translator
module first reads the input parameters, and then opens a connection to the Ontology
1o make queries. When the connection has been established it narrows the search by
selecting only instances of the same Type of the incoming “message™. It then searches
for and retrieves all primitives that belong to the “receiver” software entity in the
same Type. And finally it makes a comparison to find a similar primitive, when this
process ends it returns the equivalent primitive; in other case it returns a failure

message.
A misunderstanding event occurs when a software entity receiving a message
?

compares it 10 its own message knowledge base, and acknowledges that the received
message is not in his base, and then invokes the translator to find the relation with its

OwWn messages.

6 Experimentation Results

We executed a series of tests with these software entities. In this section we present
one experiment of a set of 30 communication executions between software entities A
and B. The result of this experiment is shown in Table 8.

Table 8 shows that for the first set of executions many ended because of
misunderstandings. For the second set of executions we can appreciate a reduction in
the number of misunderstandings, although the problem remains, some
communications are still ending due to this problem. For this case we suggesi using a
Jearning approach, in order to fully eliminate the problem. However, the result is good
enough to evaluate the main contribution of this paper. The set of discovered

! http://jena.sourceforge.net
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Pragmatic relations were well defined by our semi-automatic approach. The Ontology
was populated w:?h these primitives and relations among them, and when integrated
to the general environment it solved the main problem of our work: interoperability.

Table 8. Experimental results

Result Result
Test number No translation Using translation
1 notUnderstood Accept
2 notUnderstood Reject
3 notUnderstood Accept
4 notUnderstood Accept
5 notUnderstood Accept
6 notUnderstood Accept
7 notUnderstood Reject
8 notUnderstood Reject
o notUnderstood Accept
10 notUnderstood notUnderstood
11 notUnderstood Accept
12 notUnderstood Accept
13 notUnderstood Accept
14 notUnderstood Accept
15 notUnderstood Accept
16 notUnderstood Accept
17 notUnderstood Reject
18 notUnderstood Accep!
19 notUnderstood Accep!
20 notUnderstood Accept
2] notUnderstood Reject
22 notUnderstood Accept
23 notUnderstood Accept
24 notUnderstood notUnderstood
25 notUnderstood Reject
26 notUnderstood Reject
a7 notUnderstood Reject
28 notUnderstood Accepl
29 notUnderstood Reject
30 notUnderstood notUnderstood
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Figure 5 shows the graphical results of this experiment. The first set of bars
represents results of communications without translations, and the second set of bars

represent results of communications invoking the translator.
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Fig. 5. Experimental results

7 Related Work

There is currently a research effort dealing with the problem of modeling Web service
processes; in particular, some of them have proposed conformance and
interoperability measures between two composed Web service processes. In (8]
authors present the behavior equivalence concept, which states that two executable
processes are equivalent if they can be transformed by a set of transformation rules.

Baldoni et al. [9], present a calculus to allow the automatic construction and update
of compatible services. They define formally the compatibility, interoperability.
conformance and substitutability between Web services concepts. They present a set
of derivation rules to verify the conformance level and to construct new conformant
and interoperable services.

Van der Aalst et al. [10] present the concept of process equivalence between two
process models based on their observed behavior. They provide a measure of
equivalence with a Lumber ranking from 0 to 1. This represents a more precise
measure.

In this work we are dealing with agent communication protocols, which have
similar functionality compared to composite Web service processes. However,
communication protocols follow specific interaction rules; for example, an agent
following a conversation protocol never issues a completer communicative act before
receiving a starter communication. While Web service processes may follow different
flows depending on the problem or objective they are following. Therefore, even
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though we consider important these works. they are not directly transferable to our
domain.

8 Conclusions

In this paper we have presented how 10 compute pragmatic similarity in DIS. Our
approach is novel, because it presents an algorithm based on the analysis of FSM
transition functions, which in turn are capable of being implemented and compared to
obtain pragmatic relations and pragmatic similarity measures. In contrast to the
semantic approach, which has proven good results for data, vocabularies and
information sources, we propose a semi-automatic approach for comparing softwal.'e
pragmatics. The result of this analysis helps the developer 10 measure pragmatic
similarity and identify pragmatic relations. The set of defined relations were
implemented in an ontology-based translator which showed betier results in
communication environments when the translator was invoked.

The pragmatic similarity measure will help developers 10 decide and propose a
good solution, for example, translation. learning or reprogramming all software
entities 1o be fully interoperable among them.

As the Semantic Web has been evolving we are facing new requirements. SI_JCF} as
discovering semantic and pragmatic relations from heterogeneous sources. This is a
promising research area, because nowadays there is a tremendous amount of .|egacy
software which in turn will require 1o be incorporated transparently giving _Ihe 1c!ea of
an integral solution independently of the inherent heterogeneity inside their logics or
protocols. .

FSM is a good formalism for representing communication scenarios between
software entities, in particular they are suitable to compare interaction protocols and
identify the state of a conversation in a DIS environment. o

Finally, we are sure that our pragmatic computing approach can be applied in other
application areas such as Web service discovery, process engineering, and JEOEIGI
comparison or application integration. which have in common that they provide
functionality information similar to protocols in communication scenarios.
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Abstract. This report explores some conditions that influence the evo-
lution of cheating individuals in an altruistic signaling society. It ex-
plores specifically three kinds of signaling: advertising of food, warning
of nearby predators and begging for food. The experimental method con-
siders food distribution, predator density and population size as factors
that could influence the evolution of cheating behaviors on these signals.

The results of these simulations show that predator density seems to be
the most influential factor.

1 Introduction

Altruism is defined as a situation in"which an individual acts to promote or
enhance the fitness of other members of a group while at the same time reduc-
ing its own fitness [1]. When all individuals of the group engage (by providing
help and/or benefiting from it) on these behaviors we have an altruistic society.
This work explores the effects of cheaters (individuals who perform deceiving
activities) on an altruistic society.

The first part of this work explores an altruistic signaling society. In an
altruistic signaling society individuals emit signals to advertise the presence of
food. or to warn about nearby predators, and there can be two main kinds of
deceiving activities: one is to emit a false signal (e.g. a bluff), and the second
one is to withhold a signal (e.g. an alarm call). This work focus on the latter.
There are biological studies [2] that suggest that withholding information (e.g.
food calls) can be beneficial to the individual, and can result in a higher fitness.
But there is no evidence about. which factors constrain or expedite this behavior.
We explore some conditions that influence the evolution of cheating behaviors
(withholding information) on alarm and food calls.

The second part of this work extends the idea of taking advantage of altru-
ism one step further, in this part we explore the effect of individuals who T.alfe
advantage not from the emission of signals but from even more explicit altruistic
behaviors. An example of these explicit altruistic behaviors is reported in (3],
where vampire bats share food (at a cost) with recipient bats with no dil.'ectl}'
apparent benefits. This idea inspires the next part of this study. In here we intro-
duce a beg-for-food call, and the cheating behavior consists of taking advantage
of this signal (using it) but not responding to it. Conditions that can influence
the evolution of this cheating behavior are explored.

© A. Gelbukh, M. Adiba. (Eds.) Received 01/07/08'
Advances in Computer Science and Artificial Intelligence. Accep{ed 01/08/06'
Research in Computing Science 39, 2008, pp. 171-182 Final version 13/09/08
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The final sections consist. of the experimental results and discussion of these
results.

2 Methods

For this work, a predator-prey simulation framework for evolving a shared com-
munication system was adopted and extended. In here we just provide a brief
summary of this framework, a detailed description can be found in [4].

The world consists in a two-dimensional grid with three kinds of objects:

preys, predators and food.

— Food: static food (e.g. plants) is distributed in a pre-determined number of
sites in the world.

— Predators: agents that move around the world looking for preys. they are
not able to communicate among them, but they are able to hear prey’s

communication.
— Prevs: agents that move around the world, Jooking for food and avoiding
predators. They are able to emit/hear signals.

2.1 Preys

Preys are the object of interest of the present work: these are the initially altru-
istic individuals on which the evolution of deceiving behaviors will be studied.

Signals Preys are able to emit two distinctive signals:

— Food call: when they arrive to a food site, they can advertise this food site
1o other preys by emitting this signal.

— Alarm call: when they see a predator, they can advertise its presence to warn
nearby preys by emitting this signal.

States Preys have six possible behavioral states; these behavioral states are
activated according to the world perceptions.

— Wander: the prey is just moving around.

~ Search: the prey has heard a food call, so it is trying to find it.

— Forage: the prey saw a food site, so it is moving toward it.

— Consume: the prey is at a food site, and consuming the food.

— Avoid: the prey has heard a alarm call, so it is moving away from the signal
source.

— Flee: the prey saw a predator, so it is moving away from it.
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Kind The kind of prey is defined by its communicative abilities. These abilities
of communicating signals are determined by the genome of the prey, and do not
change during its lifetime. The genome of the prey is represented as a two-bit
string which is interpreted as follows:

— 00 indicates a NC prey (not able to communicate about food or predators).
— 10 indicates a FO prey (able to communicate only about food).

— 01 indicates a OP prey (able to communicate only about predators).

— 11 indicates a FP prey (able to communicate about food and predators).

2.2 Evolving cheating in food/alarm calls

The existent framework was extended with the purpose of studving the influ-
ence of multiple factors in the evolution of cheating (deceiving) behaviors in the
advertising of food and the warning of predator call.

Added Cheater Gene We modify the genome to include a new gene. This is
called the cheater gene. Preys that have this gene activated do not. contribute to

communication but take advantage of it (if possible). In this case we have two
kinds of individual:

— Altruist: advertises food and warn about predators (if able to communicate
about them).

— Cheater: hears the advertisements and warnings, and takes advantage of
them, but never advertise or warn (similar to altruistic individuals, the abil-
ity 1o hear the signals is determined by the genome).

This gene has no influence with the other two genes described in the previous
section: this means that the prey can have this gene activated regardless of the
value of the other two, which can give as a result a NC cheater (which will not

take advantage of communication since it is not able to communicate in the first
place).

Modified behaviors The behaviors of the prey were modified accordingly to
consider the new genome by adding the constraint of advertising food or warn
about predators if and only if the cheater gene is not activated.

2.3 Evolving cheating in beg-for-food calls

The original framework was extended to consider a new type of signal, a beg: or-
food call When an altruistic individual hears this signal, it approaches the emitter
of the signal and donates some of its own food to him. A cheating individual
is an individual who can emit this signal when in need, but ignores the signal
when it hears it. In this task we do not. consider the food or alarm calls to limit
our focus to the relevant information.
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Added signal Beg-for-food call: This call is emitted to elicit a donate behavior
from fellow preys.

Added behaviors
— Begging: when the prey founds itself with an internal storage of food that is
below of a predetermined critical amount then it changes its state to Begging

and emits a beg-for food-call.

— Approach: when a prey hears a beg-for- food call, the it tries Lo approach to
the source of the message to be able to donate him food.

— Donate: when the prey founds the starving fellow, it donates him an amount

of its internal storage of food.
Some constraints apply to these behaviors state transitions:

— The prey can only change to a Begging state if it is currently on the wander
state. If the prey is on Forage or Consume state it has more opportunity to
get food directly from the food site than from begging, and if the préy is
on Avoid or Flee, then these behavioral states get precedence (what is the
point of getting food if vou are going to be eaten by a predator?).

— The prey can only try to approach to source of the beg-for-food call if its
internal storage of food is higher than a pre-determined amount. (what is
the point of approaching to a starving fellow if you are starving yourself or
if donating food can put you in a dangerous situation?). So in a sense, this
limits the altruism, the prey can only be altruistic if it does not jeopardize

its situation.
In this case we have two kinds of individual:

— Altruistic individual: Donates food as a result of beg-for-food call.
— Cheater individual: Ignores the beg-for-food calls it hears, but it could emit
this signal if in need.

3 Experiments

Since an approach of systematically varying parameters is not feasible (because
of computing-time constrains) we took the parameters that were shown to evolve
the shared communication system (as described by the study in [5]) as our ref-
erence frame. We considered that parameters that did not evolve the communi-
cation system in the first case, were unlikely to have relevance on this study.

Unless explicitly noted otherwise, all the simulations reported below \x:here
done using the following parameters: the environment. was 60x60 in size, preda-
tors and preys had a vision of three cells, could hear signals at a distance of six
cells, and could move in any direction. Preys had a maximum storage capacity
of 30 food units and a newborn had an initial storage of 25 units. Spatial con-
strained selection and placement, and tournament size of 2 was used. Simulations
were run under 100,000 iterations.

The results reported below for each simulation are the averaged values over
10 different runs of the simulation.
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4 Results

4.1 Evolving withholding of food/alarm calls

Baseline simulation For the first part of this work: the focus is in the con-
ditions that influence the evolution of cheating in food/alarm calls. To have a
baseline to which compare the results of varyving several parameters, the first
simulation was made set with the default parameters, no food and no predators.
The initial population was 200 FO preys, and mutation of 0.003 was set for mu-
tating the cheater-gene, other mutations were not allowed. So, our population
consists initially of altruistic FO prevs, and could evolve to cheater FO preyvs.
The long-term expected fraction of the population in the baseline simulation
that is altruistic or cheater is about 0.5, because of the fixed mutation rate.
As expected, in Figure 1 we can see this result. This baseline simulation is also

valid when considering an initial population of 200 altruistic OP preys, which
can evolve to cheater QP prevs.

—ea— Altruistic
—sa— C hesdter

[ 30000 60000 90000

Fig. 1. Baseline simulation with no food / no predators. (Time vs Number of Agents)

Evolution of cheating in food calls As mentioned before, a cheating individ-
ual will hear and take advantage of food calls, but will withhold advertising of
food. Two factors that could influence the evolution of cheating individuals for
the advertising of food are studied: the distribution of food and the population
size.
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Varying food distribution In this experiment the amount of food was fixed (1600
units) and the number of food sites was varied. A hypothesis for this experiment
is that cheaters would seem more possible to evolve in situations where the
resources are scarcer, and advertising of a scarce resource would limit its own
fitness due to competition. In this case, cheaters would be more likely to evolve in
environments where the amount of the food site is smaller. The results obtained
in this simulation do not agree with the hypothesis. In the simulations cheaters
were unlike 1o evolve independently of the distribution of food. An explanation
could be that, even though the distribution of food varies, this does not put
enough pressure over resource competition. Results are shown in Figure 2.
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Fig. 2. Evolution of cheating in food calls. Fraction of population of each type averaged
in the last 30,000 iterations. Axis X shows the number of food sites.

Varying population size In this experiment the population size varies from 75
to 200 agents. A hypothesis for this experiment is that cheaters would seem
more possible to evolve in situations where there is more resource competition.
In this case, cheaters would be more likely to evolve in environments where
the population size is bigger. Again, the results obtained in this simulation do
not agree with the hypothesis. In the simulations cheaters were unlike to evolve
independently of the population size. Results are shown in Figure 3.

Evolution of cheating in alarm calls A cheating individual is defined here as
an individual that is able to hear and take advantage of alarm calls, but withhold
warning. Two factors that could influence the evolution of cheating individuals
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in the warning of near

by predators are studied: the density of predators and the
Population size.

Varying predator density In this experiment the predator densit-,\: varies from 4
to 24 agents. Warning of predators can be costly to the sender, since pr ed?tors
are able to hear these messages and locate a prey that they would have missed
before. So, a hypothesis for this experiment is that cheaters WOU.]d s.eem mq?;e
possible to evolve in situations where there the risk of predation is higher. The
results of the simulation agree with this hypothesis. We can observe tha? cheaters
get a higher fraction of the population when the number of pre.dai.ors mcrc:lz:‘sw-
The maximum percentage of the population is 60% , and then it starts tol t?p!;
An explanation of these could be the cheaters can not dominate the popiua “l))e
because they have a parasite-relationship with altruistic agents (they need to
warned about nearby predators). Results are shown in Figure 4.

Varying population size In this experiment the population size was \:arl:]e; :2:2
75 to 200 agents. A hypothesis for this experiment is that cheater.s “-0‘ o o
more possible to evolve in situations where there are more \\-.armflg dg:ﬂ;ve =
take advantage from. So, in this case, cheaters would be more likely -1.0 evo i
environments where the population size is bigger. The results obt am?d mb -
simulation do not agree with the hypothesis. Increasing the popul.at-l;n a 05

100 seems to have a negative effect on cheaters. Results are shown in Figure 5.
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Fig. 4. Evolution of cheating in alarm calls. Fraction of population of each type aver-
aged in the last 30,000 iterations. Axis X shows the number of predators.
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Fig. 5. Evolution of cheating in alarm calls. Fraction of population of each type aver-
aged in the Jast 30,000 iterations. Axis X shows the population size.
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4.2 Evolving cheating in beg-for-food calls

Altruistic preys respond to the beg-for-food call by approaching the message
source and donating food, while cheaters ignore these calls (but they use them
if they need them). Two factors that could be of influence in the evolution of

cheating individuals in this donating-food behavior are explored: food distribu-
tion and predator density.

Baseline simulation In here the simulation was set with the default parame-
ters, no food and no predators. We are interested in conditions that influence the
evolution of cheating in beg-for-food calls. In order to explore these we started
with a population of 200 aliruistic prevs, and set a mutation rate of 0.003 for
mutating the cheater-gene, other mutations were not allowed. In here we are not
considering food or alarm calls. The long-term expected fraction of the popula-
tion in the baseline simulation that is altruistic or cheater is about 0.5, because
of the fixed mutation rate. In Figure 6 we see a mixed result; the altruistic and

cheaters agents fluctuate and neither of them can dominate the population and
reach an equilibrium point.
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Fig. 6. Baseline simulation with no food / no predators. (Time vs Number of Agents)

Varying food distribution In this experiment the amount of food was fixed
(1600 units) and the number of food sites was varied. A hypothesis for tlns
experiment is that cheaters would seem more possible to evolve in situations
where the resources are distributed through the environment, so they have a
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bigger opportunity of being approached for an altruistic agent that has access
to food (otherwise even if there are altruistic agents, they will not be able to
donate food). The results obtained in this simulation agree with the hypothesis.
In the simulations the percentage of cheaters increases when the number of food

sites is higher than 16. See Figure 7.
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Fig. 7. Evolving cheating in beg-for-food calls. Fraction of population of each type
averaged in the last 30,000 jterations. Axis X shows the number of food sites.

Varying predator density In this experiment the predator density varies from
4 to 24 agents. Begging for food can attract predators, which put in danger not
only the starving agent, but also any altruistic agent that approaches to the
message source to donate food. So, the hypothesis here would be that cheaters
would be likely to evolve when the number of predators increases. In here the
results agree with the hypothesis, we can see an increase of the cheater population
as the number of predators increase, but when the predators reaches 20, the
number of cheater individuals starts decreasing. An explanation for that could
be that they reach the critical point at 16 predators, when the percentage of
cheating individuals is higher than the altruistic individuals reaching a 60%
percentage, and cheater individuals can not dominate the population since they
need the altruistic individuals to take advantage of.
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Fig. 8. Evolving cheating in beg-for-food calls. Fraction of population of each type
averaged in the last 30,000 iterations. Axis X shows the numbers of predators.

5 Discussion

The results of the simulations were mixed, since it did not always agreed with
the hypothesis. Nevertheless, this study gives an insight of possible conditions
“affecting the evolution of cheating behaviors in initially altruistic agents.

In the case of the evolution of cheating behaviors for the food call it is still
unclear which factors can truly influence its evolution, since neither the food
distribution nor the population size seem to have aflected it.

- In both alarm calls and beg-for-food calls, predator density has a strong
influence over the evolution of cheating individuals. In both cases the number of
cheating individuals reach maximum percentage at 16 predators when they have
approximately 60% of the population, and the y start decreasing. This decrease
could be due to the fact that they have a parasite-relationship with the altruistic
individuals (they need altruistic individuals who would emit the alarm calls or
who will donate food when they hear the beg-for-food call so they can not take
over the entire population.

Another factor that influence the evolution of cheating behavior in the beg-
Jor-food call is the food distribution. If the food is distributed throughout the
environment, then the cheating individual has a bigger opportunity to be ap-
proached by an altruistic individual who has access to food (remember that
altruistic individuals donate food only if they have enough reserves).
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6 Future work

One extension is to enable preys to discriminate between them, so individuals
(and not member of an anonymous society) can interact with each other. As
pointed out in [6] agents should have histories; they should perceive and inter-
pret the world in terms of their own experiences. This ability to discriminate
between individuals would enable an arms-race between cheaters and discrim-
inating receivers, so donors can recognize and expel cheaters (as mentioned in

[7D)-

Acknowledgment

The author would like to thank James Reggia for reviewing this manuscript.

References

1. Lincoln, R., Boxshall, G., Clark, P.: A Dictionary of Ecology, Evolution and Sys-
tematics. Cambridge University Press, Cambridge, UK (1998)

2. Lachmann, M., Bergstrom, C.T.: Signalling among relatives - ii. beyond the tower
of babel. Theoretical Population Biology 54 (October 1998) 146-160(15)

3. Wilkinson, G.S.: Food sharing in vampire bats. Scientific American 262(2) (Febru-
ary 1990) 76-82

4. Reggia, J.A., Schultz, R., Uriagereka, J., Wilkinson, J.: A simulation environment
for evolving multiagent communication. UMIACS Technical Reports CS-TR-4182
UMIACS. University of Maryland, College Park, Maryland 20742 (2000) ’

5. Reggia, J.A., Schulz, R., Wilkinson, G.S., Uriagereka, J.: Conditions enabling the
evolution of inter-agent signaling in an artificial world. Artif. Life 7(1) (2000) 3-32

6. Dautenhahn, K.: The art of designing socially intelligent agents. Applied Artificial

Intelligence Journal, Special Issue on Socially Intelligent Agents 1(7) (1998) 573-617

Hauser, M.D.: Costs of deception: Cheaters are punished in rhesus monkeys (macaca

mulatta). Proceedings of the National Academy of Sciences 89(24) (December 1992)

12137-12139

=1



Natural Language Processing
and Information Retrieval







Automatic Generation of Document Summaries
in Spanish Language

Rodolfo Rodriguez, Darnes Vilarino, Beatriz Beltran, and Mireya Tovar

Benemérita Universidad Auténoma de Puebla, Puebla, Puebla, México.
Facultad Ciencias de la Computacion
Puebla, Puebla, 72570 México, www.cs.buap.mx

Abstract. Without a doubt, Internet has become the biggest source of available
information. Nowadays one of the biggest sources of information is the WEI'B,
the information grows in a chaotic and not controlled way, originating certam
limitations for its handling, organization and recovery. The Spanish language 1s
very complicated for its study, and exist few tools that make an analysis 10
obtain an abstract and so the few available versions unfortunately are not
freeware. In the present work we developed a learning technique and a set of
metrics that applied at the original document return us the most representative
sentences of the document to construct the automatic abstract by extraction,
including a study of anaphoras.

Keywords. Retrieval, information, abstract, automatic, extraction, sentence,
learning,

1 Introduction

A summary is 10 reduce 10 brief terms the essential of a document. The use of the
summary of a document helps to reduce the storage space, facilitates the access to_ the
most important information and accelerates the time of reading to locate the required
information of a particular document, in at a certain moment [11).

Nowadays it is necessary to count on suitable computer science tools for the
recovery of the important information in an efficient and fast way. The m_anl{al
techniques have demonstrated to be inefficient, because basically they consist 1n
manual elaboration. This work is very expensive in time, in addition il. suﬂ'fers from
abundant inconsistencies, like orthography and coherence [3,4). Now identified the
problem, the challenge of the investigators is achieve that the computers be an
efficient tool in the process of information retrieval.

By automatic generation of text summaries is understood the prqcess by Wh:;:h th;
originating substantial information of a source (or several) is identified to Prgzuce
brief version destined to a particular user (or user group) and a task (or tasks) [22].

A Phrase and an sentence are different in which the first lacks _of a eXP"eS;
preaching (does not say anything of a subject, type: Buenos Dias) and in the secon
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there is explicit preaching (one affirms or it denies, something is said from somebody
or something: Buenos Dias nos de Dios (Subject: Dios; Predicate: de).

Sciences and the philosophy tend 1o establish truth, but the concept of true - or
false - is not possible apply it to smaller units of the language than the sentences: nor
10 the sound. Therefore the minimum unit of the susceptible language of true is the
proposal, since all proposal or sentence implies a judgment (establishment of the truth

or false principle of the knowledge) [21].

There are a lot of articles that propose methods to extract the most important
orations of a determined document, using the frequency of the words within the same
document. the frequency of words within the title, considering most important the
first five and last five sentences of a document. as well as other statistical parameters
[4,7]. Nevertheless the great majority of these articles does not work over the Spanish
Janguage, the most important results are on the English language, that is substantially

different with the Spanish language.

In the present article we obtained automatic summaries by extraction in the
Spanish language are, where some classic techniques like eliminate stopwords and
special symbols are used, stemm the words, make a general study of the most well-
known abbreviations. as well as a brief study of proper names in a pre processed, also
we used some other metrics for the selection of the important sentences, as they are:
eliminate very short sentences, important words, comparison with the title, etc., in
addition we developed a technique that includes intelligence (learning) for the
important information retrieval of each document and when the extract is obtained, a
study of the most well know anaphora 'is applied with the intention of have more
coherency in the obtained extract. All used software has been made by our group of
investigation and the techniques used for the English Janguage have been adapted to

work in the Spanish language.

The present article is divided in different sections. In the second section, we
describe a general way all the different metrics that were used to evaluate each
sentence in a document. In the third section. we present the used algorithm to obtain
the automatic summary by extraction, where the system decides which metrics will be
used to evaluate the document and obtain the summary. The fourth section is
dedicated to explain how works the algorithm that include anaphoras. The fifht
section of the article is all about 1o evaluate the system, where the obtained results are
show in the first 1able. This table shows the similarity degree between the obtained
summary by the system without anaphoras against the obtained summary for one of
the three experts. and also shows the degree of similarity between the summary of the
system without anaphoras and with anaphoras, and in the second table we present the
obtained results of the threshold for each metric (that help us to decide which metric
will be used or not 1o evaluate a document) afier analyzed all the documents of our
corpus. The Jast section are the conlusions.

! Anaphora. Word that is used to reference other words that were used before in the document.
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2 Score of Sentences of the Document

Supported in the analysis made at the different reviewed articles, it 'had bet‘fn
collected and adapted 10 our problem a set of metric that they se.arch to give certain
score at each sentence of the document, and extract the five most importiant sentences

(the five sentences with bigger score) to conform an automatic summary by
extraction.

2.1 Selection of Important Sentences using the Transition Point (TP)

It is defined the TP like the frequency of a term of the text that divides in two the
terms of a vocabulary (in terms of high and low frf_:quency)_. that is 1o say. the terms

nearest the TP as much of high and low frequency are going to determine of what it is
all about the document [12].

From the transition point a determined threshold can be taken, works og«:nera'}_l]))f
with 25% or with 40%. in this work, words above 25% of TP and under 25% the

of the threshold are selected, with these terms is constructed a paragraph, it is
denominated Virtual Paragraph (VP).

With the aid of the VP, it is given a score at each sentence according to its degree

of similarity, applying the similarity formula of Jaccard (1) at each sentence (0;) of
the document, and the obtained VP.

PVNO
sim(PV,0) = 7" o:l (1)

2.2 Sentences Length

This metric is sustained in the idea that the sentences of very small length are not
important, because generally they are not in the summaries generated by the humarl)§,
by this, it is assign a negative score 10 them that affects to be part of th}? automa 'é
summary [10]. In the present work it is considered 1o be a small sentence, if it consis
of less than 5 words. afier doing corresponding pre processing.

2.3 Title Compare

; . itutes
The title of a document usually is strongly related 10 its content and often constitut
the best summary of itself [11).

It 1s constructed a VP in the same way that was in the TP, but in this case this V};
is formed by the terms that conform the title of the document [15]. The VP crc:alet
from the title words is compare with each one of the sentences of the docun}et!])‘e,
applying the similarity of Jaccard (1), then it is give a weight to each sentence o
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original document, and those with greater weight are candidates to be part of the
automatic summary by extraction.

2.4 Centroid

The centroid value is a measurement that indicates how frequent are the words of a
document [10, 11, 13, 15]. Importance is attributed 10 this metric, because using it, is
possible know how near are the sentences of a document to the main subject. The
centroid is a very great veclor; each component of the vector is one of the words that
appear in the document. Be D the document and /D/ the number of sentences in the

document, it is described by:

Centroide(D) = (Vwo: Vwis s Vwn) @)

Where:

TF(w;) » IDF(w,)
Vwi = IDI

3)

TF(w;) Is define like the occurrence number of w;in the document D.

IDF(w;) Is known like inverse frequency, and this is calculated by the following
formula:

D
IDF(W() = IOg ( l ] ) (4)

Sentences in D that include w;

IDF indicates how “weird” is the word w; in the document D.

2.5 Position

This metric is considered important due to the fact that in different types of
documents, the most important information occurs in the first sentences, is to say the
main idea occurs in the first paragraphs and in the rest of the document this idea

simply is developed [10, 11, 13, 15]. For each sentence Oi in the document D, the
value of the position of each sentence it is calculate by: ‘

Dl—-i+1
P = (g_l"l'bil——))* Crmax (5)

Where Cmax is the maximum centroid value obtained by the previous formula (2).
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This metric is combined with the previous one, thus finally the sentence O; obtain
a higher score in function of the position and the obtained centroid value, the
sentences importance diminishes with the position.

In addition 1o the previous score, a greater weight is offers to the first 5 and last 5
sentences of the document.

2.6 Proper Names

For some authors the presence of proper names is important [11, 13, 15]. Is
considered that the sentences that have proper names are more important, since it can
refer a particular person or place, and this is very common in bibliographies. In l-hlS
work it has been considered like proper name those words that begin with a capital
letter and which are not stopwords.

2.7 Important Words

The important Words metric [10, 11, 14, 17, 18] are words and expressions that do
not have relation with the central subject of the document, but they indicate that the
sentence can contain important information and must be part of the summary, words
like: "importante", "esencial”, "en conclusion”, "resumen". "fundamental", etc. [11].
As we would desire the most possible generic system, a set of certain words is used,
that reveal importance independently of the type of document.

The implemented metric looks for those important words within the text to
summarize, granting additional scores to the sentences that contain them.

2.8 Sentences Compare

With this metric we try to find the sentences with greater degree of similarity.‘Each
sentence of the document is compared with all the rest, applying the similant}_! qf
Jaccard (1): 1o define that two sentences are similar, is taken a threshold of 0.?, lh1§ 1S
a good measurement (if it be 1 would be the same statement the one that is being
compared) for the comparison of two sentences, if the similarity is 0 means that no
one of the words that contains the sentence are similar 10 which is compared. The
sentences with a greater degree of similarity are given a bigger score to conform the
automatic summary by extraction.

2.9 Bayes Probability

For each sentence s we are going 10 calculate the probability if it will be included in a

summary S given k characteristic, Fj;j=1,..,k, that can be expressed using the
Bayes Rule and assuming statistical independence of the metrics, we have:
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I'I}‘., P(Fj|ses)P(seS)
Njzy P(F))

P(s € S|Fy,Fz, ... Fg) = (6)

Where:

» P(s € S|F;,F;, ..., Fx) It is the probability that the sentence s is contained in the

summary given by the metrics Fj;j = 1,.., k.

e P(s€S) It is the probability that the sentence s is selected between all the
others of the document.

e  P(Fy,Fp...,Fgls €5) It is a probability that can be considered counting the
number of metrics that were used of the total in the sentence s.

. P(F;) This probability is calculated of the average of the number of times that is
used a metric in the document (just it is taken once like maximum account by

sentence).

3 Algorithm to Extract Important Sentences

We made and developed an algorithm in order to decide if the j metric will be used or
it does not 1o give an additional score to a sentence s, taking the idea from the Bayes

probability, so P(Fj) must be greater 1o a given threshold to be used; This threshold
will be calculated applying the following algorithm.:

1. Fort the first analyzed document we are going 10 consider that there is the same
probability that a metric j is used or not, reason why the initial threshold will be

equal 10 0.5, i.e. Threshold, = 0.5.

2. The threshold is calculated for the following documents in this way:

Threshold,+ Z:‘._.i Pi(F j) (7)
k+1

Threshold; =

Where k is the number of analyzed documents of the experiment, and i is the
number of the analyzed document i:1..k.

When concluding the experiment of analyzed documents, the threshold will be
fixed in the obtained value. In this way if the average of times that was used a metric
in a document is smaller than the threshold obtained from that metric. then it will not
be used to evaluate the sentences, so the metric will not influence in the decision of
the sentences to be included or not in the summary given by the system.
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Once all the metrics finished giving the corresponding scores to each one of t_he
sentences, the scores are added and mediated by sentences. The 5 sentences with
greater average score are selected and ordered by appearance to construct the
automatic summary by extraction.

4 Algorithm to Obtain Anaphoras

Once we have the automatic summary by extraction, we made a study of anaphoras,

the main objective is give coherence 10 the extract made by the system, we did this in
the following way:

1. Search for anaphoras in the sentences of the extract obtained by the system.

2. I the system finds a sentence that contains an anaphora, the previous sentence <?f
which was the anaphora will be included in the new extract, this new sentence is
taken from the original document.

a.  If the new sentence is already in the original extract do nothing.

3. Include in the new extract the sentence in which was found the anaphora.

4. Do the same for each one of the sentences of the original extract obtained by the
system.

There are not methods of resolution of anaphora for the Spanish language that not
use much semantic information. In this article one of our main objectives were
implement a tool for the resolution of anaphoras for the Spanish language using
limited knowledge, it means, not using semantic information.

S Evaluation

Until now 1o analyze the behavior of the method of obtaining automatic summar_ies by
extraction, was decided work with a set of 100 heterogeneous documents in the

Spanish language, each one with its respective summary of one of a set of three
experts.

An automatic pre processing was made at each document, first the stopwgrds were
eliminated, then the document was stemmed and a treatment of abbreviations was
made (that consists of changing the most common abbreviations by the complete
word), to conform the initial groups.

Between the 100 documents that conform our CORPUS, there are very small
documents and greater others, to all documents the formula of similarity of }accard
(1) was applied to them between the summary offered by the Expert, against the
summary obtained by the system, and the summary obtained by the system w?thf)ul
anaphoras and with anaphoras, with the objective 1o measure the proportion of similar
sentences, the results are presented in Table 1.
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In the Table 1 can be appreciate that the similarity degree given by the extract of
the system without anaphoras and the extract by one of the three experts is
approximately of a 60%. and the similarity degree between the extract of the system
without anaphoras and with anaphoras is approximately of a 98%, this means that
many of the sentences of the extract of the system without anaphoras did not have
anaphoras or its anaphora was included already in the initial extract, reason why when
the additional sentences were included in the new extract, the similarity degree

decrement between the extracts.

Table 1. Obtained similarity results

Similarity Similarity
Document Extract without Anaphoras Extract without Anaphoras

VS Expert VS Extract with Anaphoras
nl 0.534031 0.921052
n2 0.735135 ' 1.0
n3 0.629107 1.0
nd 0.663414 1.0
n2l 0.40566 0.916334
n22 0.62 1.0
n23 0.769230 0.917391
n24 0.721649 1.0
n25 0.591928 1.0
Antrax 0.593023 1.0
Arqueologia ' 0.690476 1.0
Ciencia 1 1.0
Cristianismo 0.349999 1.0
tinma 0.473282 0.960548
humano
v 0.661710 0.955453
Alimentacién 0.581818 0.965442
Ceeperal 0.599416 0.981847

Average
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Table 2. Similarity degree between the extracts

Similarity o, larity  Similarity

Slmllanty Slmilanty S:mllanty E).ﬂrac[ Extract Extract
Document Etract Extract Extract without wiibont widi
Corpus Desastres witioo w:}t]h Ana\;;l;oras Anaphoras Anaphoras
Desastres VS Expent Anaphoras Anaphoras VS VS
Desastres VS Expent VS Expert Exl_r ;c' Extract Extract
vesettres  Desastres il Desastres Desastres
Anaphoras
Afecta
372262
Incendio 1.0 0.437956 0.437956 1.0 0.372262 0.3
Alarma de
283105
Incendios 0.705882 0.462686 0.462686 1.0 0.283105 0
Alena por un —
incendio 1.0 0.550387 0.479729 0.907767 0.488372 0.425
Alerta Roja 0.888482 0.789189 0.789189 1.0 0.607594 0.607594
ey 15803
incendio 0.607028 0.778688 0.778688 1.0 0.615803 0.6
Amenazan a -
Arizona 0.927756 1.0 1.0 1.0 0.784482 0.7
Amenazan
0.350194
Sydney 0.771929  0.833333 (0.778098 0.934844 0.384615
Arraso
0.741258
incendio 0.638888  0.769230 0.769230 1.0 0.741258
:;,’2: ntan 0.857142 0729805 0729805 1.0  0.672268 0.672268
Ya son 205 0.478260 0.719008 0.719008 1.0 0.0625 0.0625
Visi
z;rs]latara Fox 1.0 0.929752 0.929752 1.0 0.743801 0.743801
Tormenta
525252  0.525252
Tropical 0.757201 0.585365 0.585365 1.0 0.525
Toneladas de
0.528 0.528
ayuda 0.894977 | 0.633451 0.633451 1.0
Tifon Siembra 0.638115 0693121 0.693121 1.0 0.833638 0.833638
TERREMOTO 0.808510 0.714285 0.714285 1.0 0.561797 0.561797
Temporadade e76100 0946808 0942105 0987013 0.655172 0.653409
incendios
Ceneral 0.811308  0.680696
Average ' ) 0.677838 0.981847 0.512010 0.509574
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In Table 2 we made the comparison between the results obtained by our system
against the results obtained by the sysiem realized in the master thesis “Automatic
Generation of Multiple Document Summaries” [24). The Corpus with which was
made the comparison called DISASTERS was realized in the INAOE (National
Institute of Astrophysics Optical and Electronic) and is a corpus specialized in
Natural Disasters of news of Mexican newspaper of national circulation; this corpus
has 300 documents. where we took a sample of 100 documents to realize our tests.

With the aid of the author of the thesis [24] was possible compare the degree of
similarity between the summaries of our system against his system. since he provided
us the corpus disasters and the summaries obtained by his system. We have to
mention that the system of the thesis [24] is a system dedicated to extract specialized
information of natural disasters reason why the used metrics were adapted essentially
10 extract certain kind of information in this type of documents, and our system is not
specialized, it means is of general propose, in addition, our system is designed to
always extract 5 sentences, the same that the extract given by the experts. In the
corpus disasters the extracts given by the experts did not have a minimum or
maximum Jength at the same that the extracts given by the system of the thesis [24].

SIMILARITY DEGREE BETWEEN THE
EXTRACTS

0.681847

R Similarity Extract Desastres
VS Expert Desastres

N9
0.811308

0R I Similarity Extract without
Anaphoras VS Expert
0.7 Desastres
I Similarity Extract with
06 Anaphoras VS Expert
Desastres
0.5
I Similarity Extract without
04 Anaphoras VS Extract with
Anaphoras
03 I 5imilanity Extract without
Anaphoras VS Extract
0.2 Desastres
=== Similarity Extract with
0.1 Anaphoras VS Extract
Desastres

GRAPHIC 1. Similarity degree between the extracts
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All the previous did that the performance of similarity of our system against the
extract of the experts be less. In Table 2 a1 the same that in the Graph 1. we can
observe the degree of similarity between the summaries of both systems against the
extract of the experts, observing that the degree of similarity of the extract generated
by the system of the thesis [24] against the expert of the corpus disasters has better
results 0.811308 apainst the 0.680696 of our system and the degree of similanty
between the extracts generated by both systems is 0.512010, also is show the

similarity degree when the sentences with anaphoras are added to the extract, in all
the cases the results were less.

Table 3 shows the results of the thresholds obtained for each metric afier ana]yze_d
the 100 documents that conform ours Corpus, is 10 say, this is the threshold that 1s
considered important for the decision if the metric is or not used to evaluate the
sentences of the document. The most used metrics that were selected by the system
were: Centroid, SentencesCompare, SmallSentences, follow by TransitionPoint. The
less used metrics were: ImportantWords and FisrtsLastsentences.

Table 3. Results of the obtained threshold

General Average of the

Metrics Thresholds
Centroide 0.949328
FirstLastSentences 0.249236
ImportantWords 0.090041
ProperName 0.515761
SentenceCompare 0.647503
SentencePosition 0.797081
SmallSentences 0.900797
TitleCompare 0.407710
TransitionPoint 0.837108

6 Conclusion

In this article we present a way to obtain automatic summaries by extraction in the
Spanish language. The obtained results were compared against the extracts of
documents made by one of the three experts and also we compare the obtained extract
of the system with and without anaphoras between them.
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The results obtained by the automatic summaries by extraction using the
techniques that were shown in the article, have obtained favorable results, even better
than the shown in the article [19). It is important say that the results obtained for the
VP by the TP [19] are good, since that algorithm obtained around 50% of the
sentences of the summaries given by the experts. and in spite of the previous the new
svstem recovered approximately 60% of the sentences, improving the effectiveness in
the automatic summaries by extraction, in addition in this new article is included a
study of anaphoras, with this it is tried to give a major coherence to the obtained
summaries, the degree of similarity between the extract without anaphoras and the
extract with anaphoras is very high, 98%, this means that afier including the
anaphoras did not manage 10 recover a major amount of important sentences.

To validate again the quality of the obtained summaries, we obtained the original
CORPUS and the extracts which were used to worked in [24]. The summaries
obtained by that system and ours had a level of similarity of 50%, this was because
the system developed in [24] did not necessarily gives back 5 sentences, as our system
did, and his metrics were adapted to keywords within the area of natural disasters,
aspect that our system does not consider, so we intended to do a more general system.

The obtained results are encouraging, although the similarity levels were not so
high, this does not affect the obtained results, because the way of make the summaries
depends so much in the dominion of Spanish language by the person that make them.

Nowadays our group of investigation still working in the improvement of the
algorithms already proven as well as new algorithms to also continue obtaining stil
better results in the obtaining of automatic summaries non just by extraction but by
abstraction for the sake of obtaining greater precision.
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Bilingual Information Retrieval using a Parallel Platform

Alberto Marquez, Darnes Vilarifio, Erick Pinacho,
Mireya Tovar, and Beatriz Beltran

Abstract. This paper discusses the problem of Bilingual Information Retrieval
over bilingual documents using lexical resources and implementation over a
parallel Kraken Platform designed by [1]. The system uses bilingual documents
(English and Spanish). which are pre processed and post processed to group
these documents using metric as the title, proper names and the first paragraph
of the document. It was subsequently used the platform to send clusters
obtained and the query to each slave lified in the Platform Kraken and each
slave showing the similarity 10 the query.

Keywords: Clustering algorithms, unsupervised leaming, parallel sysiem.
incremental algorithms.

1 Introduction

In the last few years, natural language processing (NLP) techniques and tools have
been incorporated into information retrieval (IR) systems with varying degrees of
success, it has taken interesting among researchers. when they have to devise new
techniques to assist user in the process of searching. Currently one of the richest in
containers information is the Web, but its growth has generated problems at the time
of information retrieval. mainly due to repetitive information, diversity of data, lack
of standardization 1o represent data, and others. This become even more complex if
they are 10 a query as provided in both English and Spanish will return documents
relevant 1o it.

Since the 1980s, corpus linguistics has developed at an accelerated speed. While
the construction and exploitation of English language corpora still dominate the
research of corpus linguistics, corpora of other languages, particularly typologically
related European languages such as French, German and Portuguese and Asian
languages such as Chinese. Korean and Japanese. have also become available and
have notably added to the diversity of corpus-based Janguage studies. In addition to
monolingual corpora, parallel and comparable corpora have been a key focus of non-
English corpus linguistics. largely because corpora of these two types are important
resources for translation and contrastive studies. )

A paralle] corpus can be defined as a corpus that contains source texts and their
translations. Parallel corpora can be bilingual or multilingual. For a comparable
corpus, the sampling frame is essential. The components representing the languages
involved must match with each other in terms of proportion, genre, domain and
sampling period.

This paper presents a parallel system to process bilingual text (English and
Spanish) for cross language querying, the sets of metrics are dependent on lexnf:al
resources, and linguistic 10ols. Which cluster is send to Slave Node with query. which

© A. Gelbukh, M. Adiba. (Eds.) Received 23/06/08
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Slave Node returns the comparison between the clusters of documents and query. It is
verified in a practical way that a trading system of machine translation can employ
approximately ten months 1o provide the translation of 250 000 documents, this is not
feasible for a real system of IR. In this system only used a first paragraph of

document.

2 Metrics

Several systems make use of independent modules, each assigned a score (weight) 10
each unit (words, sentences, paragraphs, etc.). Subsequently a module in particular is
responsible for making the combination of different weights assigned to each unit
getting a single value for each unit; eventually the system will return n the first units
with the highest weight. Below are the most commonly used techniques.

a) Proper Names: It is a kind of attribute that refers to individuals and/or
locations indicate that the sentence could contain important information. One
example is the news of a natural disaster, the sentence containing the name of
the place where the damage occurred could be important, which is a point of
comparison with other documents. This paper takes its own name as one that
begins with capital letters. which is not an empty word or closed and it is not
possible to find its [12].

b) Similar to title: Several systems make use of keywords to identify relevant
sentences [6]. But as we know it is impossible 10 define a set of keywords that
apply to all kinds of documents because doing so would force the system 1o
depend on the thematic domain and further language. With what is considered is
with the title. Ofien the title of a document of great information on the contents.
This is why it was decided 1o use this attribute. When there is no title, the first
sentence of the document is taken as the title and thus prayers with greater
similarity to the title are considered important [13] - [16].

c¢) First paragraph: It has been shown that the terms are both in the title as in
the first paragraph largely reflect the theme of a document, these results have
been exhibited in [17]. :

To compare two sentences are taken on a role of similarity, this is done by taking a
value greater than a threshold defined g (between 0 and 1). The function Sim (O, 0)

> B [18] 1o see (1).

10; N 0y

m(0;,0;) =

Slm( i o]) |0; U Ojl (1)
Where Oi and Oj are a set of words. Another method is to use the Point of

Transition (PT), which separates the words of a document in terms of high and low

frequencies. The words about the point of transition are the most relevant. This

method is ideas based on investigations by the formula for calculating the PT is

presented in (2).
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Where 1, represents the number of words frequently 1. According to the
characterization of frequencies mean the PT can occur in the vocabulary of a text by
identifying the lowest frequency of high, which is not repeated. For example, with the

words around the PT by 25%, it generates a virtual paragraph. The results when
applying the metrics are favorable in information retrieval.

3 Clustering Algorithms

Clustering algorithms heuristically build clusters from sets of objects which are
characterized by several features and a similarity function. These algorithms try to
maximize the similarity between objects in the same cluster and/or minimize the
similarity between objects in different cluster. Clustering algorithms are used in many
fields of non formalized sciences like information retrieval, data mining genetics,
computer vision, biology, earth science. and others.

Essential elementals for 1o resolve the problem of clustering are: the representation
of space objects, the measure of similarity between objects (not necessarily a
distance) and clustering or heuristic approach to implement. In some of these methoc?s
is necessary to define also a measure of similarity between the clusters, which is
defined in terms of similarities between objects that make up clusters [10]. _

We used the single-pass algorithm [11]. There are a small number of c]ust_enng
algorithms which only require one pass of the file of object descriptions. Basically .
they operate as follows:

1. — The object descriptions are processed senally.

2. — The first object becomes the cluster representative of the first cluster. o

3. — Each subsequent object is matched against all cluster representatives existing

at its processing time.

4. - A given object is assigned 10 one cluster (or more if overlap is allowed)

according to some condition on the matching function.

5. — When an object is assigned 10 a cluster the representative for that cluster 1s
recomputed.

6. — 1f an object fails a certain test it becomes the cluster representative of a new
cluster.

Once again the final classification is dependent on input parameters which can only

be determined empirically (and which are likely to be different for different sets of

objects) and must be specified in advance. For the clusters of documents were used
metric described above.
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4 Kraken Plataform

The search for solutions 10 real problems usually requires using a lot of calculations.
This causes delivering results is 100 late. One solution to this problem is offered by
parallelism. which allows several operations at once, favoring reducing the time
required 10 execute a task.

Java provides mechanisms for competition, management functions and low-level
technologies for developing distributed applications. These and other features that
owns Java. they do an excellent candidate 10 develop software side, for details see
[18]. The platform contains elements that are listed below:

a)

b)

d)

Node’s Name: The platform is shaped by a set of computers, which will be
running the Demon Slave, Master Demon. or both. When you start the Demon in
a particular computer, the Demon is responsible for announcing to the rest of the
Platform that the node is added. The Platform is responsible for distributing
classes between the nodes. For sending messages is necessary to know the
addressee, and sometimes the source.

Sokets: To make communication across the platform is used in a socket UDP
multicast. The use of UDP socket implies that the package delivery is not
guaranteed, nor the order. However, the platform is targeting a cluster or a
computer network LAN. IP addresses are among 244.0.0.0 and 239. Even used
1o multicast. Regardless of the direction given to any network interface can be
used any direction in the range previously indicated in any application. The
address in the range indicated, plus a number of standards UDP port, and can

receive and send messages on multicast.

Shared Memory: The platform offers a building which serves as shared
memory. With it, you may give the developer a region of memory that is shared
among all the nodes of the Plaitform. The region of memory offered is seen by
all the nodes of the platform, using replicas. Each node has a complete replica of
shared memory. The Shared Memory is designed to perform a disco paging
through pages of small size. With this, it gives the developer a memory size
theoretically limited by the capacity of disk.

Synchronization: Several hardware platforms offer parallel mechanisms
synchronization. Depending on the type of platform, processors can be
synchronized by the control unit-level instruction, or you can synchronize at
regular intervals at certain points of execution. The synchronization points are a
common construction in the software tools for developing parallel and
distributed applications. At software, a point of synchronization is 10 ensure that
the different running processes reach a point in the execution in which processes
one-one will stop until they all arrive there, when his execution continued.

All functionality accessible user classes are grouped within the class PlatformBind.
One such instance is communicated to each user's task that is created within the
Platform, and this is done through the interface ClassStub. All user tasks to be run in
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the Platform must implement the interface ClassSrub. With this class of user must
implement methods setProperties() and execute ().

Through the method serProperties() will have access to the user's task an instance
of PlatformBind who used 1o use the features of the Platform. This method will be
invoked before the implementation of the method execute(). The method execure()
must meet the code that the user wishes to be executed. With the implementation of
the interface ClassStub. will be achieved expose the functionality of the user platform.

S System Design

'_l'his section presents the design for the construction of information retrieval systems
in Parallel (RIP). The objective, as mentioned before, is to develop a system that
given a query by the user, it can retrieve documents in both English and Spanish. The

most important components for the development of the system are illustrated in the
figure below:

Master '
et TN | Slave i
| Translator . Queryy —mm —m ——————
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I ﬁ | Spankhl) | . ' D . {:J = ]]‘_ Ri :
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Fig.1. RIP System Scheme.

- Description:

a) Corpus: Our corpus procedures were initially developed to process D,
(English documents) and D¢ (Spanish documents), but are extendible to other
languages. o

b) Pre processing: For each document (English - Spanish), it was divided to
sentences, we get the titles, we get proper name, we get the language and to
extract the text that will be translated.
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c)

d)

Post processing: 1t removes stopwords (both languages), titles, proper name
and 1ext to translate. and to stemmer.

Clustering (A;..A)): The grouping of documents according 1o the
characteristics obtained (proper names, paragraph original-translate, titles
original-translate) by an algorithm single pass.

Query: We get the user’s query and this is processed, to translate, 10 remove
stopwords and 1o stemmer.

R,_.: It is the representation of each set of documents previously grouped. The
representation is divided into two parts (English-Spanish) each obtained

through implementing Paragraph Virtual Point Transitional

g) Dg: It is the representation of each set of documents previously grouped.
The communication scheme proposed for the parallel algorithm is the master-slave,
and then defines the tasks which will make the master and slave respectively.

a) Master
a Pre processing of corpus.
E Post processing of corpus.
- Generating groups (k).
s Send k-groups/n-tasks.
& Send query to each Slave.
b) Slave

& Receive k groups.
& Receive query.
- 2 process (English - Spanish).
& Each process:
» Convert 1 documents to 1 document.
. Generate Point Transition (PT).
. Make the Virtual Paragraph (PV).
. Evaluate query with PV.
. Show the similarity.

6 System Implementation

The search for solutions to real problems usually requires using a lot of calculations.
This causes delivering results is too Jate. One solution to this problem is offered by
parallelism, which allows several operations at once, favoring reducing the time
required 1o execute a task. The overall activities being carried out on the platform are:

a.
b.
C.

Starting the Master Daemon: It is controls the platform.

Starting the Slave Daemon: It lifted the demons slaves for each node.
Registration Demons Slaves: Each slave demon informs to slave master and
its existence is saved by the master slave.
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d. Receiving Task Definition: According to the definition of user classes, the
master demon communicates with the demons slaves to the distribution of
classes.

e. Execution of tasks: Each node where there is a demon slave begins a task that
is user instance of the class.

f. Closure of Demons Slaves: Afier performing the tasks, can be closed by the
demons slaves.

2. Closure of Master Demon: Once closed demons slaves, we can close the
master daemon.

Master: By creating the master should take into account the implementation of the
platform and is declared as follows: private PlatformBind name; order to use the
functionalities of the platform. The platform has been developed in Java 1.5, from this
version has a specialized package for the development of competing sections, the
Java.util.concurrent package. Taken out this is due to declare the interface ClassStub
is required 10 be implemented this method in order to pass the request of
PlatformBind, but in the execute() contains the code to execute. It is stored
consultation with the role strQuery(), and to process information is the ;-ole
LeerDatosPreProcessing(); which obtains documents to carry out the consultation.
the format is presented in text mode.

Slave: The slave receives the group and takes the appropriate consultations to carry
out the comparison, as the documents are in English-Spanish language must "e_"fy the
document, this will help to shape what is a single text information in Spanish apd
English, Formed this is done the PT (Point Transitional) with gerTransitionPoint
(String strModified) where sirModified is a string that contains documents in E{IEI‘Sh
or Spanish. To assess the virtual consultation with paragraph was used accor‘dlng 1o
Jaccard: Jaccard (String cadl, Siring cad2), which returns a value as a comparison.

7 Results

The next result is the collection of 19 documents in English and Spanish with
threshold .005, the results are shown in the following Table 1.

Table 1. Groups formed and assigned to each slave.

Groups No. Documents Slaves
0 4 Slave ]
] 4 Slave 2
2 8 Slave 3
3 2 Slave ]

4 ] Slave 2
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In the able above were obtained with the 19 documents 5 groups, which were
divided between 3 slaves, each processed this information to compare with the query.

The following Table 2 shows the results when comparing the consultation with
each group formed and three slaves up.

As can be seen. each slave contains a number of groups. table [I]. and each group
generates ils representation, in both English and Spanish, location of the transition
points and then shaping the Virtual Paragraph, the comparison of paragraph Virtual in
English and Spanish with the consultation is given in the Table 2.

Subsequently took place with more documents, 40 documents was conducted with
both English and Spanish, and were divided into groups each slave to be able 1o
process information and compare it with the consultation.

1t is worth mentioning that each slave is generated the point of transition, and it
conforms around what is called virtual paragraph will then be compared to the query
by applying the role of similarity between Jaccard, the results are shown in the Table

3

Table 2. 1t shows the results when comparing the query with each slave, it is worth 1o say that
each slave its rightful certain groups.

Query:
Spanish: ataud metal subsuel
English: metal conffi subsoil

PV Esclavo Esclavo Esclavo
1 2 3

Spa 0.0 0.0 0.1176

Eng 0.0 0.0 0.1176

Spa 0.0 0.0

Eng 0.0 0.0

Table 3. Groups formed and assigned to each slave.

Groups No. Documents Slaves
0 4 Slave ]
| 8 Slave 2
2 12 Slave 3
3 8 Slave ]
4 3 Slave 2
5 4 Slave 3
6 ] Slave 1
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_As can be seen that the group has more elements should have consulted more
widely accepted view, this provides a level of acceptance in the results.

Table 4. It shows the results when comparing the query with each slave, it is worth 1o say that
each slave its rightful certain groups.

. Query:

Spanish: Campesinos realizan una marcha, ley

agraria.

English: Peasants perform a march. land law.

PV Slave Slave Slave
1 2 3

Spa 0.0 0.0 0.03846

Eng 0.0 0.0 0.03333

Spa 0.0 0.0 0.0

Eng 0.0540 0.0 0.0

Spa 0.0 0.0

Eng 0.0 0.0

It 1091( 1i.me 10 recover. both linear and in parallel, The results of the linear system
shown in Fig. 2 and in parallel in Fig. 3.

FUUL

7o

B

Computers
Time in £

miliseconds DELLDUC
KBRS
O // HF

200

Neociments

Fig.2. RIP sequential.
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Fig.3. RIP parallel.

As expected, in parallel reduces the time and cost for computer information
retrieval.

8 Conclusions

The results so far are satisfactory, work is under way on a platform developed in Java,
applications for parallel and distributed [18]. the functions of master node are
programmed in its entirety. The platform allows for an appropriate way and user-
friendly management of shared or distributed memory. The system detects the
Janguage of the text and analyze texts in both English and Spanish, also achieves
these documents grouped according to criteria such as language and can be seen from
the 1ables above yields a high degree of information retrieval in both languages.

In order 1o solve problems optimization algorithms using large-scale parallel, it
was decided to create a platform itself, aimed directly to exploit the architecture of
clusters. One of the most popular tools in science to develop solutions using the
mechanism of passing messages is MPI.

The usefulness of Java for concurrence, include a queue asynchronous. With
queues asynchronous, is no Jonger necessary 1o create critical regions or traffic lights
for the addition or subtraction of elements, as they include the control of competition
within the same class. The Platform asynchronous queues were used for receiving
messages.

Another problem that occurs in the information retrieval recovery is bilingual in
both languages, however. for this work was not necessary to translate the whole
document but a single paragraph, which significantly reduces the computational cost.
In addition the use of a Kraken platform parallel.
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Abstract Data Mining is used in different disciplines for search of patterns and
hidden models in databases. It is usually applied in business and marketing ar-
eas. This paper presents a Data Mining application in the superior education
area. The main contributions of this paper are, at first. a set of standard vari-
ables with effect in the academic performance of students. secondly. obtaining
predictive model based on Bayesian Network which determines with 96,55%
the probability of successful semester for students from Department of Informa-
tion Systems. Universidad del Bio-Bio. Chile.

Key Word: Data Mining, Survey, Data Base.

1 Introduction

Nowadays, of the superior education institutions generate a large amount of informa-
tion related with their students. This information corresponds 1o data used in the ad-
ministration of superior education organizations, as well as 10 academic backgrounds
and, information of courses among other subjects. This information is relevant in the
strategic decision taking of universities. However. there is a large uncertainty about
depth of knowledge as well as factors which directly affect the academic performance
of students [1]. The formerly mentioned makes complex 10 take policies intended to
improve teaching/learning and so as reduce the student dropout rate. In fact, it’s
known that 40% of Chilean university students do not complete their studies, which is
mainly attributed to lack of maturity, social and economical problems among other
factors [2]. Even more, statistical data have been found in Chile and Latin America
which demonstrate that careers such as engineering. architecture and laws present a
graduation index under or equal 10 30%. Careers like medicine, Dentistry, basic level
education and special education show a graduation index over 69% [3].

On the other hand. the incorporation of Data Mining in the education area is recent.
However. most of the Data Mining applications in the education don't consider all
psycho-social variables which affect the student teaching/learning process. 'I'hrough
Data Mining application on Information Systems Department students from Universi-
dad del Bio-Bio, factors affecting teaching/learning process are possible to be ob-
tained.

The main contributions of this paper are: first, 1o obtain set of standard variab]es
with impact in the academic success and, secondly, a predictive model by using

© A. Gelbukh, M. Adiba. (Eds.) Received 25/06/06:
Advances in Computer Science and Ariificial Intelligence. Accep{ed 01/08/08
Research in Computing Science 39, 2008, pp. 213-220 Final version 10/09/08



214 Guiiérre=-Soto C., Oliva P., and Paredes A.

Bavesian Networks. Our work is based on CRISP-DM methodology, and SPSS
Clementine and Weka are used to obtain predictive model.

This paper is organized as follow. Section 2 makes factorial analysis of surveys 10
students in order 1o establish the variables with impact on academic success of stu-
dents. Section 3 presents predictive model through cluster analysis. Finally, section 4

presents conclusions and future works.

2 Obtain Variables with Impact in Academic Success

Data Mining is a tool applied in different areas, such as, DNA Analysis and biomedi-
cal applications [4][5], industrial sale and marketing [4][6], telecommunications
[4][7). banking processes [4]. financial industry [4] and medicine [8][9], among other
areas. Recently, the education area has been favored with the use of Data Mining
[1][10](11](12][13][14]). .

In Data Mining applications of education area, it is possible to find relationships
between admission tests and the academic success [15]. In [12] a global classification
model is obtained, which assigns the best tutor according to student profiles. In [1)]
taxonomy of processes where the students are involved and the specific tools sup-
posed 1o support these processes is presented. On the other hand, in [5] university
success predictive tool for students entering to the university is presented. This pre-
dictive 100l is based on the use of neural networks.

However, varied factors have impact on academic success and desertion rate. In
[16] a categorization composed by five significant factors affecting desertion is pre-
sented. These factors are classified as psychological. sociological, economical, organ-
izational aspects being interactive between student and the institution. In [17] it is also
possible to find four groups of factors that impact desertion rate of Caribbean and
Latin America students. These are: external factors 1o the superior education system
and own factors of system and institutions, academic performance and personal prob-
lems of students. This categorization includes all the factors with impact in the stu-
dent desertion rate and their academic success.

Nevertheless, the works exposed in [1][10][11][12][13][14] do not consider all the
factors affecting the academic performance and desertion rate of students formerly
mentioned in [16] and [17].

One of the main contributions of this paper is 10 have a number of significant vari-
ables (factors), which impact the performance and academic success of Information
System Department students of the Universidad del Bio-Bio, Chile. However, 1o
reach this purpose, it was necessary 10 look for information from the University —

porate databases.

2.1 Obtain Non-available Data

Surveys were carried out 10 obtain information non available in databases. Five di-
mensional groups of data were established which were later standardized through the
analysis of main components (also well-known as factorial analysis). These dimen-
sions included srudent data (sex. age, university entrance year, number of subject
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matiers renounced. number of failed subject matters and others); Learning and study
technigues of studenis (data about their individual learning styles. number of hours
dedicated 10 the study. use of the bibliographical material and relevance of group
learning and others): socio-economic aspects (the student's socio-economic informa-
tion), professor and used techniques (information regarding the styles and educational
models applied by professors in their classes): and the use of technological tools for
Jearning (information about impact of technological tools in the student’s learning).

The sample corresponds to stratified random sample. The population size corre-
sponded 10 614 students from Computing Civil Engineering and Information Comput-
ing Engineering. The number of students interviewed corresponded to 87. Given the
population sample, reliability Jevel used corresponded 10 5%, with a 10% of error.

In order 10 verify feasibility of factorial analysis, Kaiser-Meyer-Olkin (KMO) and
Barlett tests were carried out. KMO test obtained value of 0.6145. On the other hand,
Barlett test, specifically chi- square, the value obtained was 760.303: in freedom de-
grees the value obtained was 253 and. for significance the value obtained was 4308E-
52. These values assure feasibility to carry out analysis [18].

Factorial analysis was made with SPSS Clementine software Eight components
with correlated variables from surveys were found in this factorial analvsis. These
eight components represent 70% from total variables. being significant percentage.
These components are in the Table 1 associated with the variables of the dimensional
groups. The components founded are standardized according to the correlatioq of
variables, that is, from highest to lowest. However. components Personal Information,
and Works are available the University database. Therefore. these components won't
be used 10 obtain models. However. Personal Information component is fundamental
10 carry out mapping between existing data in database and non-available data in da-
tabases in order 10 join both data sources.

Tabla 1. Name of the components related with the dimensional groups

Name of component Dimensional Set

Personal Information Student data

Time devoted 10 study Learning and study technigues of
students

Work socio-economic aspecls

Team study or Interner the student's learning and their

study techniques
Use of technological learning
100ls
To undersiand the professor's Professor and used techniques
classes (10 learn in the classes)
Interest in the subject matter Learning of Students and their
study techniques
Professors and techniques used
Attendance the student's learning and their
: study techniques
Study of guides and from works Professor and used techniques
given by professor
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Other important item obtained from personal surveys was the definition of aca-
demic success. Here, a percentage of 95.34% determined that academic success corre-
sponds 10 the non failure of subject matters in academic semester. Nevertheless, it is
not possible to appreciate the incidence of the eight components in the definition of
academic success since components only reflect correlations among variables. In or-
der 10 standardize the incidence of the eight components on the academic success
definition. a second personal survey was carried out. Where preference 1 (the most
relevant component to achieve academic success) was to understand the professor's
classes (P1), the second preference corresponds 1o the component Artendance (P2),
the third preference corresponds 10 rime devoted 1o study (P3), the fourth preference
corresponds 1o Study of guides (work sheets) and works given by professor (P4), the
fifth preference corresponds 10 Interest in subject matter (P5), and the last preference
corresponds to Study in group or by Internet (P6).

2.2 Data Joining

One of the most effective classifiers, in the sense that its performance is competitive
with state-of-the-art classifier, is so-called Naive Bayes (NB)[21]. NB supposes that
all the attributes are independent known the value of class variable value. Although
this supposition is not very realistic the classifier NB is one of the most usedand com-
petitive classifiers. An example of use of this classifier is for the use against the spam
or mail garbage [22].

The information existing on database corresponds both to Computing Civil Engi-
neering and Information Computing Engineering students. These data correspond to
the years 1998 and 2006. These data correspond 1o Admit Year, Birth Year, Number
of Applications for credit. Number of applications for failed subject matters, Accumu-
Jated transcript’s average, Accumulated Credits, failed subject matiers and Renounced

subject matters.
In order 1o meet data from personal surveys with databases information. we pro-

ceeded 10 select a group of similar data among Personal Information, Admit Year
Birth Year and Failed Subject Matters. This allowed a subset of 180 registrations. Af-
terwards, 87 registrations were randomly selected 10 generate predictive model.

3 Obtain Predictive Model

3.1 Bayesian Networks

Classification is one o the basic tasks in the data analysis patterns recognition. Classi-
fication requires the construction of classifier, which is a function that assigns a class
label to instances described by a set of attributes. The induction of classifiers from
data sets of preclassified instances is a central problem in machine learning. Numer-
ous approaches to this problem, which are based on various functional representations
su]ch ?;oc]iecision trees. decision lists, neural networks, decision graphs and decision
rules :
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The Bayesian Networks allow the NB performance improvemenl as well as man-
age the independency assumptions among variables [20]. Bayesian I*'Jetworks repre-
sent the qualitative knowledge of a model by means acyclic graph. T]'!lS knowledge is
articulated in the dependence/independence definition among the variables that com-
pose the model. Graphic representation for the model specification malfes the Bayes-
ian Networks 10 be a very attractive 100l for the knowledge representation, where the
representation of knowledge is important aspect of Data Mining [22]. Within the :nf)sl
popular classifiers based on Bayesian Networks, we find the Tree Augmeqted Naive
Bayes (TAN). TAN is a NB extension classifier. which seeks 1o maintain the .NB
computing simplicity but irying 1o improve the success rate during the classxﬁcauo_n.
So, instead of supposing all the independent variables. certain dependences are adn_m-
ted among atiributes. Therefore it is supposed that attributes constitute a Bayesian
Networks with tree form. The advantage of restricting the topology from the net 10 a
tree. is that this structure can memorize casily [20][22]. Another popular classifier is
the Bayvesian Network Augmented Naive Bayes (BAN). BAN possesses the same phi-
losophy of the TAN, it proceeds learning a Bayesian Networks for the atiributes ex-

cluding the class and later on by adding the C class variable and edges from C toward
all the attributes is increased.

3.2 Predictive Model

In order 10 predict if a student will reach academic success, nominal va.riable disap-
proved subject matter has been selected. This variable allows us 1o pred]m the disap-
proval of a student per semester. To obtain this predictive model Bayesian Netwo_rks
has been selected. Bayesian Networks possess several advantages, like the generation
of a simple analysis model. even more, is one of the most solid theoretical 'fOCUSCS
[19]. On the other hand, Bayesian Networks provide more exact model, that is; more
classification tests more robust model in the time. )

In order 10 generate tests for model. cross validation has been scle-ctec‘l since the tui
plas amount 1o validate model is not big. However, the amount is sng_mﬁcant 1o tola
population. On the other hand. 10 validate model the parameters delivered by “’el';a
have been considered, these parameters are Correclty Classified Instantes, Mean A 2
solute Error, Root mean squared error, Relative absolute error and Root relative
squared error. .
A?]gorithm selected for model construction corresponds to the a'lgori!hm K2 w"]; t:vg
parents. K2 is TAN algorithm extension which allows generation of classifier ase
on Bayesian Networks. On the other hand, K2 has been selected by the understandlzg
that gives 1o the model. because TAN generates a classification tree where a nto ;
only has a predecessor, while K2 generates a graph. where a node possesses W

redecessors.
pTable 2 and Table 3 allow a view of results for K2 algorithm with one father: ]11(2
with two parents, and the TAN algorithm. Here, we can ob-serve-thal the K2 a]gonlol;?
with a single father possesses higher percentage of classified instances. It also p
sesses the Jowest absolute relative error and the smallest square relative error. Never-
theless, this algorithm has been discarded and we have se]ectefi the _K2 wnl; lwoiitfé
ents since resulting model is more descriptive for analysts. Besides, it must be not
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that in obtained model. nodes correspond to all the variables affecting the academic
performance. These are the same variables in Table 1. by adding them the variable
Admit Year, Age. Sex, N° of Disapprove Courses Last Semester, Preference 4, Pref-
erence 5. and Preference 6. The nodes number reaches the 19 variables.

By checking models, 84 cases were correctly classified from a 1otal of 87 instances,
and 3 cases were wrongly classified.

On the other hand. classifications summary with 87 cases is possible to be obtained
from confusion matrix. Total of 34 classified instances obtained in this matrix were
positive. 1t means a higher probability to fail in these 34 instances. On the other hand,
a 1otal of 50 instances classified obtained were negative, which indicates the probabil-

ity of not failing.

Tabla 2. Weka Results for the Data Mining Process

Algorithm Description  Correctly ~ Mean absolute
Classified error
Instances
Hill Climber Maximum 97.7011%  0.0547
Parents ]
Hill Climber Maximum 93.1034% 0.0828
Parents 2
K2 Maximum 97.7011% 0.0547
Parents ]
K2 Maximum 96.5517% 0.0547
Parents 2
TAN 93.1034% 0.0764
K2 Maximum 95.4023% 0.0606
Parents 2,
simulate
BAN

Tabla 3. Weka Results for the Data Mining Process

Algorithm Root Relative Root relative
mean absolute error  squared error
squared er-

o1

Hill Climber 0.1485 11.3012 % 30.2492 %

Hill Climber 0.2083 17.1831 % 42.4263 %

K2 0.1363 11.3562 % 27.7728 %

K2 0.1645 11.9203 % 33.5125 %

TAN 0.2103 15.8646 % 42.8381 %

K2 0.1756 12.58 % 35.7676 %
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4 Conclusions and Future Work

In this paper. we have presented the development of a Data Mining Application in the
Information System Department of the Universidad del Bio-Bio, Chile. Here, we have
tried to include most of the variables that have influence on the academic success and
in the student desertion rates. For this purpose. we have appealed to non-existing data
in the university database through personal surveys. Later on. this information has
been joined 10 the University database data. Joining these data, a group of eight corre-
lated variables denominated components has been obtained. It is important to delimit
the existing error margin in this procedure for joining data from personal surveys apd
databases. However. this procedure is justified since there is no Data warehouse with
every data which affect the student performance and the student retention rate )

Nevertheless. we think it is a good approach of variables affecting the academic
performance of students. Moreover, one of the main contributions of this work is to
have a group of eight standardized variables that have impact in academic success of
Information System Department Students. )

On the other hand, predictive model has been obtained. based on Bayesian Nel—
works which predicts 96.5517% of probability if a student will reprove some subject
matter in the semesier. Nevertheless, we think it is a good approach of vanables. af-
fecting the academic performance of students. Moreover. one of the main cogﬂnbu-
tions of this work is 10 have a group of eight standardized variables that have impact
in academic success of Information System Department Students. )

On the other hand, predictive model has been obtained, based on Bayesian Net-

works which predicts 96.5517% of probability if a student will reprove some subject
matter in the semester .
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Abstract. Knowledge Discovery in Databases (KDD) is the process of
finding valid, novel, useful and understandable patierns in data, to ver-
ify hypothesis of the user or to describe/predict the future behavior of
some event. The KDD process involves diverse techniques provided by
tools like the Waikato Environment for Knowledge Analysis (WEKA),
but usually without guidance. This work is an exploration of the use of
Multi- Agent Systems ( MAS) methodologies and tools to provide support
in the KDD process while using such tools. The Belief-Desire-Intention
(BDI) model of agency provides the right level of abstraction to approach
this problem. First, the Prometheus methodology is used to analyse the
KDD process in terms of MAS of BDI agents. Then, a MAS of decision
trees inducers and Bayesian networks builders, that compete to generate
the “best” hypothesis for a given KDD problem, is implemented. The
main result of this exploration is a framework where it is possible to
implement AgentSpeak(L) agents that use primitive actions of WEKA
to form intentions for solving problems in the KDD process. Extensions
in terms of the number of agents and their capabilities are easy to im-
plement in this framework.

1 Introduction

The Knowledge Discovery in Databases (KDD) process [13] consists in selecting,
preprocessing and transforming a data set. obtained from several heterogeneous
sources such as databases, plain files, data warehouses, etc., in order to facilitate
the application of data mining algorithms that obtain the hidden patterns in
this dataset. Subsequently, these patterns are interpreted and evaluated to select
those that represent useful and novel knowledge [9].

There are several algorithms to carry out each one of the tasks of this process,
implemented in tools as Clementine [34], DBMiner [20], Waikato Environment
for Knowledge Analysis (WEKA) [36], among others. The difficulty arises when
a neophyte has to choose the suitable algorithms for a given problem, since this
decision depends on the nature of data, their representation, the mining task,
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among other factors. Therefore, KDD is a complex process, that requires well
trained users in a variety of disciplines including machine learning, statistics and
domain knowledge. But even in this case, some parts of the KDD process can
be simply tedious.

Multi-Agent. Systems (MAS) have been proposed as a solution to the prob-
lems mentioned above. MAS are composed by agents specialized in data mining,
which sometimes are distributed in a network [32, 23, 22, 3]. However, we observe
that these approaches, often does not provide the level of abstraction required
1o reason about the KDD process and their participants. This is due to a weak
notion of agency, which focuses on basic properties of agents as autonomy, reac-
tivity, pro-activity and social ability [37]. The strong notion of agency concep-
tualizes and implements the agents as intentional systems. The Belief-Desire-
Intention (BDI) model of agency [15,33] is the best known of these approaches.
In this model the agents perform practical reasoning using plans to form inten-
tions to satisfy their desires. The folk-psychology language used in the model,
is argued to offer a more effective communication among the participants in a
KDD process in order to analyse it. to implement. support using BDI] agents.

Our explorations for such a support are as follows: In order to design a MAS
of rational agents that help the human experts in the KDD process, this one is
analysed as performed by a MAS of human experts, following the Prometheus
methodology [30]. The Prometheus Design Tool was used 1o get assistance for
the design process and to generate a specification of the MAS easy to be im-
plemented. As a result of the analysis we decided to implement a BDI MAS
of six agents: a coordinator that receives requests to mine a given data set; a
preprocessing specialist: and agents capable to execute ID3, C4.5, Naive Bayes,
and TAN algorithms. These Jast four agents compete to produce the “best hy-
pothesis” for a given problem, and cooperate with the preprocessing agent if
necessary. The MAS was implemented in Jason [4], an interpreter of the BDI
agent oriented programming language AgentSpeak(L) [33]. The idea was that
these agents were capable of executing actions in WEKA [36], as part of their
plans. We chose Jason because it is implemented in Java, as well as WEKA, so
that the implementation of the intended agents seemed easier in this way.

Finally, the MAS was tested with different data sets, in order to know if such
agent competency has sense. The results show that there is not such a thing as
the “best method” for all the data sets, and that the exploration automatised by
the MAS could be useful. But. the main result is that we obtained a framework
where it is possible to easily define new agents in the system and to improve the
capabilities of the existent ones, i.e., extending their plan library or their beliefs.

The rest of this paper is organized as follows: Section two presents the an-
tecedents, mainly the KDD process and the BDI agents as defined in AgentS-
peak(L); section three introduces the tools and methods that were used to im-
plement. the MAS: section four comments some aspects of the design and imple-
mentation of the KDD process like a BDI MAS: section five reports the results
of our experiments: and finally, section six presents the conclusions and discusses
future work.
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2 Antecedents

In this section, we describe the KDD process, as well as AgentSpeak(L), an agent
oriented programming language under the BDI model of agency.

2.1 The KDD Process

KDD refers the non-trivial process of identifving valid, novel, potentially useful
and understandable patterns in data [11,12). Figure 1 (adapted from Fayyad et
al. [11]) shows that the KDD process has an iterative and interactive nature. Re-
sults obtained in the process are enhanced incrementally, possibly reconsidering

previous decisions in the process [11, 12]. The steps of the KDD process 20,11,
12] include:

|}

> Trarwiormeo t

Data !

: '

L Preptocessed .

B . V o ‘ :

M .
I e T T . P

Fig. 1. Steps in the KDD process

1. Understanding the domain of the application and a background knowledge,
as well as identifyving the target of KDD process from the point of view of
the user.

2. Selecting a subset of variables or a sample of data to create a set. of target
data, in which the discoveries will take place. o

3. Cleaning and preprocessing the set of target data, e.g., removing noise if
needed, dealing with missing data, etc.

4

. Reducing and projecting data, through the selection of examples and ‘at--
tributes that are important for the target of the KDD process. or using
dimensionality reduction or transformation methods to reduce the number
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of variables under consideration or to find invariant representations for the
data.

5. Selecting a data mining procedure, e.g., classification, regression, summa-

rization, clustering.
6. Selecting some data mining algorithms and techniques to search pattierns in
the reduced data. The data mining expert decides which models or param-
eters are most. appropriate.
. Searching for patterns of interest (data mining) in a particular representa-
tional form as classification trees, rules, regression, clustering, etc.
8. Interpreting and evaluating the mined patterns, possibly reconsidering some
of the steps 1...7.

9. Consolidating the discovered knowledge through its incorporation within
another svstem or simply documenting and sending it to the interested par-
ticipants in the process.

=1

2.2 AgentSpeak(L) and BDI agents

BDI agents are intentional systems that. continuously perceive their enviroment
and take actions to modify it, based on their mental attitudes: beliefs, desires
and intentions [15, 33, 8]. Beliefs represent the informational state of the agent.
Desires, or goals, represent states that the agent would like to accomplish or
bring about, considering its internal or external stimuli. Intentions represent the
deliberative state of the agent, e.g., its commitment to some courses of action
to accomplish its desires. These courses of action are built from plans in a plan
library, e.g., the procedural knowledge of the agent. An event queue is usually
used to process perception. :

AgentSpeak(L) [33] is the language that was chosen to implement the BD]
agents in this work, because it provides an abstract and elegant framework to
program such agents [16]. The syntax and semantics of AgentSpeak(L) have been
defined formally by means of a grammar and a operational semantics based on
a transition system.

The grammar of AgentSpeak(L) as defined for its interpreter Jason [5], is
shown in table 1. As usual, an agent ag is formed by a set of plans ps and beliefs
bs. Each belief b; € bs is a ground first-order term. Each plan p € ps has the form
trigger event : context — body. A trigger event can be any update (addition or
deletion) of beliefs (at) or goals (g9)-The context of a plan is an atom, a negation
of an atom or a conjunction of them. A non empty plan body is a sequence of
actions (a), goals, or belief updates. T denotes empty elements, e.g., plan bodies,
contexts, intentions. Atoms (at) can be labelled with sources. Two kinds of goals
are defined, achieve goals (!) and test goals (?).

The operational semantics [5] of the language, is given by a set of rules that
define a transition system between configurations (ag, C, M, T, s), where:

— ag is an agent program formed by a set. of beliefs bs and plans ps.
— An agent. circumstance C is a tuple (I, E, A), where: I is a set of intentions
{i,7',...}, each i € I is a stack of partially instantiated plans p € ps: E is a
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Table 1. Grammar of AgentSpeak(L) [5)

ag ::=bs ps at := P(t1,...,tn) (n>0)

bs = by...by (n>0) | P(tay--estn)|83s---s8m] (B2 0,
m 2 0)

P8 =D1...Pn (n2>1) s = percept | self | id

p u=1te:ct—h o e Ally;.0itn) (n>0)

te u=+4at| —at| +g| —g g == lat | 7at

et u=cty | T u u=+4b| —-b

cly i=at | -at | ¢ty A cty

h a2=hy;T|T

hy i=a|g|u| hih,

set of events {(te, 1), (te’,7’),...}, each te is a trigger event and each 7 is an
intention (internal events) or the empty intention T (external events): and
A is a set of actions to be performed in the environment.

M is a tuple (In,Out, SI) working as a mailbox, where: In is the mailbox
of the agent: Out is a list of messages to be delivered by the agent;: SI is a
register of suspended intentions (intentions that wait for an answer message).
T is a tuple (R, Ap, 1, p) that registers temporary information as follows: R
is the set of relevant plans for a given event; Ap is the set of applicable plans
(the subset of applicable plans which contexts are believed true); ¢, €. and p
register the current intention, event and applicable plan along one cycle of
execution.

— The label s indicates the current step in the reasoning cycle of the agent.

Figure 2 shows the interpreter for AgentSpeak(L) as a transition gystem.
The operational semantics rules [5] define the transitions. Because of space lim-
itations, table 2 shows only some these rules.

3 Methods

In this section, the methodology and tools used to design and implement the
MAS in this work, are introduced. First, the Prometheus [30] methodology for
designing MAS, and its associated software PDT, are introduced: then the inter-
preter of AgentSpeak(L), Jason [27,6,28,1,35] and the KDD tool, WEKA [36],
are briefly described.

3.1 The Prometheus Methodology and its PDT Tool

Prometheus [30] is 2 methodology for developing intelligent agents and M.AS- It
covers all the phases of development of a system - specification, design. imple-
mentation and testing/debugging. Prometheus consists of three main phases:
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Fig. 2. The interpreter for AgentSpeak(L) as a transition system.

- System Specification. First, the goals and subgoals of the system are iden-
tified. Also, the actors (persons or roles that interact with the system) and
their interactions with the system in form of perceptions and actions, are
specified. Then, some scenarios are created for each actor. These scenarios
show the operation of the svstem and consist of a series of steps including:
goals, other scenarios, perceptions and actions. When the goals and scenarios
are specified completely, the similar goals are grouped to form roles. Partic-
ular perceptions and actions are assigned to these roles. Finally, each step
in the scenarios is assigned to their role and the data requirements for these
scenarios are identified.

— Architectural Design. Based on the definitions generated in the previous
phase, it is possible now to determine what kind of agents will be included
in the svstem, as well as the interactions that will take place among them.
To achieve this, several mechanisms are proposed, such as data coupling
diagrams and agent acquaintance diagrams. In addition, in this phase is
created the system overview diagram, that shows the structure of the system.

— Detailed Design. The internal details of each agent are designed and it is
specified how the agents will carry out their jobs. Each agent is refined in
terms of its capacities, internal events, plans, and data structures.

Additionally, the open software PDT [29] gives support to the Prometheus
methodology. This tool provides: a graphic interface that allows to develop the
definitions (diagrams) obtained through the Prometheus methodology and as-
sists in the maintenance of a sound design because it provides verification be-
tween the diagrams: automatic spread of design elements when it is possible and
appropriate: and assistance in the search for names.
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Table 2. Some rules of the operational semantics of AgentSpeak(L).

(SelEv,) T

s.t. Cx = Ce \ {(te,)}

= (le,i)
(Rel) < e netogpet)2)__ st. Th = RelPlans(agps, te)
Rel2) e TR;LT;:I;‘—’E:;;?C o SelEv)
(Appl) W;Jm% s.t. T4, = AppPlans(ages, TRr)
(SelAPP)) G emrsirg e St Ts = (7,6)
(ExtEv) oo ::i;l(;)t)—-?(}::.(g".’})\d’ Tsamy St Cr = Cru{[pf]}
\Sellnts) (“9‘C'M'T'$¢C‘:}:}E{;§:Q:;.T’.E:recln!) st. T/ =1
(Sellnta) c=0)

(ag,C,M,T,Sellnt)y— (ag,C,M,T,ProcMsg)

(AChVGl) {(ag,C,M,T E:ecJ;.t[)hfi—a_gl?_é’—hlATf.ProcMsg) s.t. C;E‘ — C.E' U {(+!at,T.)}
C;=Ci \ {T.}

T,=|head—T -
(Clrlnt.1) (ag,C,M,T, C-'v-.h'li)—'l {ag.C"lM T,ProcMsg) s.t. CJ =C; \ {T“}
T,=ilhead—T)] ' _
(ChrInts) Tt e e st Ci=(C\{THu

{k|(head" — h)6]}
if i = k|head — g;h]
and g8 = TrEv(head)

Clrln T, #lhead—TIAT, #ilhead—T]
( ta) 9,C,M,T,Cirint)—(ag,C,M,T,ProcMsg)

3.2 Jason

Jason is an interpreter for an extended version of the AgentSpeak(L) agent pro-
gramming language (see section 2.2). This interpreter is written in Java and im-
plements the operational semantics of AgentSpeak(L) [27,6] and its extensions
(28,1, 35]. The integrated develop enviroment of Jason provides a graphical in-
terface, that allows to edit the configuration file of a MAS and the code of the
agents written in AgentSpeak(L). Through of this environment is possible to
control the execution of the MAS and distribute the agents over a network in a
simple wav. Another tool that comes with this environment is a “mind inspec-
tor” that allows observing the internal state of the agents in run time. Jason
also includes: speech acts based on KQML for communication between agents:
annotations of the plans for using selection functions based on decision theory:



228 Guerra-Herndndez A.. Mondragon-Becerra R., and Cruz-Ramirez N.

selection functions configurable in Java: and mechanisms of extension and use
of legacy code, by means of the “internal actions” defined by the user.

3.3 WEKA

WEKA [36] is a tool implemented in Java to perform experiments in a KDD
process. It provides methods for preprocessing data, e.g., replacing the missing
values and performing discretization on data sets; data mining algorithms, e.g.,
ID3, C4.5, NB, and TAN: and pattern evaluation algorithms as the stratified
cross-validation method. Other algorithms to carry out each one of the tasks of
data mining, but we have focused in the methods mentioned above due to our
research lines. In addition, WEKA has tools for visualizing and preprocessing
data [14]. The input of all algorithms takes the form of a relational table, that
can be read from a file or generated through of a database query. The file can
be in csv format or arff format, which is the native format of WEKA.

4 Explorations

This section describes our explorations for the BDI MAS support for the KDD
process, from the design to the implementation of the system. Later, some results
on the use of the system are reported.

4.1 Design

Figure 3 shows the overview diagram for the MAS implemented for this paper.
The Coordinator agent perceives the requests for learning from the users of the
svstem as well as the databases associated to the requests: and their format. If a
database is in zls or csv formats, she converts it into arff format: in any another
case, she asks the user for a database in one of the mentioned formats. Then,
the Coordinator asks the Preprocessing agent to review the database. If it is not
nominal, the former tells the user that the target must be of this kind, given the
nature of the learning algorithms used by the agents; otherwise, the Coordinator
prints “Class is nominal” and sends a preprocessing require to the Preprocessing
agent. This agent replaces the missing values (with the mode when the attributes
are nominal and the mean when these ones are numerical) and discretizes the
database (supervised and non-supervised). Once Preprocessing informs to Co-
ordinator that the database has been preprocessed, the latter sends learning
requests to the IDS, C4.5, NB and TAN agents. These ones learn their respec-
tive models for both kinds of discretization of data, and inform the Coordinator
of their results. The Coordinator selects and reports the winning model given
some criteria, e.g.. the most accurate model, the fastest result obtained, etc.
To obtain the system overview diagram is necessary to identify the goals and
subgoals of the svstem in a goal overview diagram (System Specification phase).
For example, the figure 4 shows the goal and its subgoals for preprocessing the
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Fig. 3. Overview Diagram of our Multi-Agent. System.
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Fig. 4. Goal and its subgoals preprocess the database.

database: one of them verifies what kind the class is. another one replaces the
missing values and the last one discretizes this database.

After that, the different possible scenarios for the system were defined in a
scenario diagram (System Specification phase). For example, the figure 5 shows
the scenario that will take place when the database has to be discretized super-
visely, e.g., when the process of discretization takes into account the value of the
class to create the different categories of data. It is worth mentioning that the
discretization is based on the Minimum Description Length method (MDL) [10].

The roles of the system were created once the goals and scenarios were de-
fined. These roles are formed by clustering similar goals, perceptions and actions
In a system role diagram (System Specification phase). For example, the figure 6
shows the “Preprocessing of the DB” role. Observing the scenario shown in fig-
ure 5, we can see that both steps of the scenario are associated with this role.

The data coupling diagram and the agent-role grouping diagram (Architec-
tural Design phase) were useful to identifv the types of the agents in the MAS.
Figure 7 shows the first. of these diagrams. with the roles of the system and
the data identified in the scenarios. Figure 8 shows the agent-role grouping di-
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agram, which shows the roles assigned for each agent. Thus, the Coordinator is
responsible for managing the input/output of the system and the database, etc.

[Mmanagement of the 1/0 |

[Management of the D8 |

[Preprocesshgofhem

[Decision vee leaming | | Bayesian classifier learning |

~ Fig. 7. Data Coupling Diagram.

In the last phase of this process (Detailed Design phase), each agent is refined
in terms of its capacities, internal events, plans and structures of data. For
example, the figure 9 shows the Preprocessing agent overview diagram, including
two plans: “Verify the class” and “Preprocess the DB”. The first plan is executed
when a request to verify the target class is perceived, then it executes the action
that verifies the class and finally it sends the type of data of this target class.
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4.2 Implementation

As mentioned, the MAS was implemented in AgentSpeak(L)’s interpreter Jason
v.1.0 (section 3.2). The development was carried out in a laptop with the fol-
lowing characteristics: Fedora Core 5 as operative svstem, Intel(R) Pentium(R)
M 1.70 GHz processor, 1 Gb in RAM, 80 Gb in Hard Drive.

According to the design describéd in the previous section, the MAS consists
of six agents: Coordinator, Preprocessing, ID3, C4.5, NB v TAN. The features
of each one of these agents are shown in the table 3. The code in table 4 shows
the initial beliefs and some plans of the Coordinator agent.

Table 3. Features of the agents.

Coordinator Preprocessing ID3, C4.5, NB and TAN
Manage 1/0 Replace missing values Learn data mining models
Manage the database Discretize the database
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Table 4. A fragment of the code for the Coordinator agent

//Coordinator in project metaclasif.mas2j

//BELIEFS
start. //Start the ezecution of the MAS
file("./DATABASES/Iris.csv").

//PLANE
opi
+start: true
<- .print("Coordinator agent, who manages the MAS...");
7file(PathDB);
weka.verifyFormatDB(PathDB,Format);
.print("DE given in format " Format);
!pVerifyFornatDB(PnthDB,For-at).

//Plans take actions depending on what type the database is

CpVFBD1
4!pVer$inornatDB(PathB.Poruat): not (Format == " _x1s" | Format == "
Format == " _arff")
<- .print("DB must be given in format .xls, .csvV © +arft®),
CpVFBD2

G!pVeriinornatDB(PathDB,For-:t): Format == " .x1s" | Format == " _csv"

Format == " _ arff"

<~ !pConviertDB(PathDB,For.at); .
7file(PathDBAXff); .
.send(prepro:essing.nchieve.vcriinlasa(PathDBArti));
.wait("+typeClass (TypeClass)");
IprintTClass.

Table 5. Preprocessing Agent.

Plan Internal Actions WEKA Classes
ArffLoader, ArfifSaver
replaceMissing = Instances, Instance
Filter, ReplaceMissingValues
ArflLoader, ArflfSaver

@ppBD  discretizeS Instances, Instance
Filter, Discretize
ArfiLoader
discretizeNS ArflSaver, Instances

Instance, Filter, Filter

.csv"”™

The internal actions used to implement the plan library for each agent are
built from WEKA classes. Table 5 illustrates this for the Preprocessing agent. For
example, the @ppBD plan uses the replaceMissing, discretizeS, and discretizeNS
internal actions. implemented using methods inherited from the ArffLoader, Arff-
Saver classes, etc., provided by WEKA.
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5 Tests and Results

The MAS was tested with different databases from the repository at the Univer-
sity of California [2] 1o observe its viability offering support. Table 6 describes
databases used in the tests. Performance, in terms of accuracy, was estimated
using the Stratified 10-fold Cross-Validation, since it has been reported [24] as
the best method to select one model from a set. of them. Tables 7 and 8 show the
percentage of correctly classified instances for each model learned by the agents,
with the databases discretized supervised and non-supervised, respectively.

Table 6. Description of the Databases.

DB’s [Instances| |Atiributes| [Classes|
Anneal 798 39 5
Balance_Scale 625 5 3
Credit_S 690 16 2
Diabetes 768 9 2
Ecoli 336 9 8
Hypothyroid 3163 26 2
lonosphere 351 35 2
Iris 150 5 3
Lymphography 148 19 4
Segment 2310 20 T
Soybean 307 36 19
Vehicle 846 19 4
Zoo 101 18 ]

The performance results show that there is no such a thing as the “best
method” and the MAS automatizes the search for the best classifier using the se-
lected algorithms. More importantly, the MAS avoids getting the “worst method”
results, which in some cases (Zoo/ID3 and Ecoli/ID3) is quite relevant. The dy-
namics of the experiments suggests that the coordinator or another new ageflle
can be programmed to produce comparative reports. instead of the “the win-
ner is...” behavior. Tables 9 and 10 provide the time taken to build the quels
learned by the agents, with the data discretized supervised and non-supervised,
respectively.

The results of these tables indicate us that for both kinds of data discretiza-
tion, NB always builds its models in the least time (because it only learns the
parameters of the model, since this one is alwavs the same) than the rest of
the classifiers, whereas TAN is the one takes the most time to learn its r.nodel.s.
In addition, we can see that when the data are discretized non-supervised, in
general, the models are built in the least time.
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Table 7. Percentage of correctly classified instances obtained with the data discretized
supervised.

DB’s %ID3 %C4.5 %NB %TAN
Anneal 03.23 9298 92.1 92.1
Balance_Scale 70.72 71.04 71.68 72.32
Credit S 77.97 86.96 86.23 87.25
Diabetes 75.26 77.73 77.99 78.12
Ecoli 0 80.95 85.42 85.12

Hypothyvroid 98.86 99.24 98.58 98.83
lonosphere 89.17 88.89 90.6 91.17

Iris 95.33 93.33 94.67 94

Lymphography 79.05 77.7 83.78 82.43
Segment 94.85 95.41 91.77 92.21
Sovbean 91.21 92.51 85.99 88.6
Vehicle 71.63 70.45 62.53 69.5
Zoo 1.98 94.06 96.04 96.04
M 72.25 86.25 85.95 86.74

Table 8. Percentage of correctly classified instances obtained with the data discretized
non-supervised.

DB’s %ID3 %C4.5 %2NB %TAN
Anneal 89.6 89.97 88.47 87.72
Balance_Scale 39.52 65.92 90.88 86.72
Credit S 74.64 85.8 84.35 84.64
Diabetes 59.89 72.66 75.52 76.95
Ecoli 0 73.21 83.03 78.27

Hypothvroid 95.92 97.53 96.9 97.03
Ionosphere 85.75 88.6 90.6 90.6

Iris 91.33 96 95.33 91.33
Lymphography 76.35 75 83.11 79.05
Segment 91.13 93.16 88.96 89.52
Soybean 84.69 89.25 80.78 83.71

Vehicle 58.51 71.63 59.93 72.46
Zoo 1.98 92.08 90.1 97.03
M 65.33 83.91 85.23 85.77

6 Conclusions

This paper presents the design and implementation of a BDI MAS to support the
KDD process. More preciselv we present a framework that uses methodology and
tools proposed in the MAS literature, to approach the automatizing of support
for the use of common tools. as WEKA, in the KDD process. The MAS was
designed according to the Prometheus methodology with the support of the
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Table 9. Time taken to build the models learned with data discretized supervisely.

DB’s %1D3 %C4.5 %NB %TAN
Anneal 096 091 0.22 248
Balance_Scale 0.24 041 0.11 0.16
Credit.S 0.6 0.78 0.15 0.53
Diabetes 0.66 0.81 0.2 0.42
Ecoli 162 1.28 0.3 1.65
Hypothyroid 157 1.15 0.33 3.25
Jonosphere 063 0.65 0.21 147
Iris 0.31 0.17 0.4 0.26
Lymphography 0.48 0.46 0.21 0.37
Segment 1.04 057 0.16 2.72
Soybean 0.48 0.2 0.05 348
Vehicle 0.51 0.44 0.04 1.3
Zoo 0.12 0.05 0.01 0.53
[ 0.71 0.61 0.16 1.43

Table 10. Time taken to build the models learned with data discretized non-
supervised.

DB’s %ID3 %C4.5 %NB %TAN
Anneal 0.34 0.14 0.02 0.33
Balance_Scale 0.17 0.11 0 0.02
Credit_S 0.15 0.08 0.01 0.07
Diabetes 0.2 0.13 0 0.06
Ecoli 0.31 0.08 0 0.28
Hypothyroid 0.51 0.31 0.06 0.56
Jonosphere 0.21 006 0.01 0.14
Iris 0.06 0.13 0 0.04
Lymphography 0.12  0.06 0 0.16
Segment 0.4 0.18 0.02 0.37
Soyvbean 0.14 013 0.01 2.73
Vehicle 0.3¢ 0.11 0.02 0.28
Zoo 0.13 0.06 0.02 0.29
7 0.24 0.12 0.01 0.41

PDT tool. Some advantages that were found when using Prometheus to model
the KDD process like a BDI MAS are:

— The KDD process was clearly understood, because of the goal oriented anal-
vsis to define the MAS. The use of diagrams in the design was also helpful.

— The transition between the design and implementation of the BDI MAS was
really easy. The diagrams obtained with Prometheus are expressed in terms
of beliefs, goals, plans, events, etc.. which are the natural constructors for
the BDI agents and its AgentSpeak(L) programming language.
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— Prometheus can be used to model any process within an organization, since
its diagrams offer a high level of abstraction, in the sense that they can be
referred in a similar language to ours (for example, through beliefs, goals,
scenarios. roles, plans, events, actions. etc.).

The MAS was implemented in the AgentSpeak(L) agent programming lan-
guage, through the Jason interpreter. The main point in favor of Jason, regard-
ing other development platforms of MAS (as JACK [7), JAM [21], JADEX |[31],
among others), is its theoretical basis, which gets to implement the operational
semantics of AgentSpeak(L). .

Java helps since both WEKA and Jason are written in this language, so that
inherit methods in both senses was natural. We have opted for taking methods in
WEKA to built internal actions in Jason agents. Future work will explore another
possibility: considering WEKA as the environment for the MAS implemented in
Jason. This should enable a richer interaction between the agents and the users
of WEKA., e.g., an agent can execute directly commands from WEKA, in the
same way the user does. Another contribution due to Java is portability. The
MAS has been executed successfully on Windows, Linux, Solaris, Mac OS X, all
for free.

Our exploration provides the basis to built more elaborated MAS in this
context, e.g, extending the number of agents (more learning algorithms adopted)
or extending their competences (wiser agents using better the algorithms). A
much more ambitious goal is to approach meta-learning by this way, e.g., the
agents learn intentionally [17,18] to become wiser. This kind of learning enables
the agents to learn when a given plan is really useful, given the desires and
beliefs of an agent, and its past experience, i.e., agents that learn to learn. Given
that, such a system would be much more elaborated, we are currently developing
formal tools for AgentSpeak(L) program verification [19].
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Abstract. Processing outdoor images with Jow saturated colors is a very com-
plicated 1ask for color based algorithms. Areas such as color segmentation and
object classification require to distinguish clearly among regions with dissimilar
chromatic features. Some problems with this chromatic discrimination in out-
doors images. make it necessary to apply a method for color balancing and image
enhancing. In this work. it is proposed an innovative color enhancement method
which is based on color modulation: modulation is a function of the original im-
age luminance and it is automatically computed from the same image siatistics.
This technique has 1wo main advantages: no false colors are created nor oversat-
uration is presented. for poorly saturated images. In addition, experiments have
shown the reliability of the proposed approach.

Keywords: Color enhancement, segmentation. outdoor scenes.

1 Introduction

Color is an important feature for some patiern recognition tasks. e.g., color segmen-
tation. object classification and tracking algorithms. Sometimes images present faded
colors due 1o variable conditions as lighting sources or acquisition devices. Results are
not accurate when color segmentation is applied 10 uncalibrated or low satured color
images: because chromatic differences among regions are small. Natural images ex-
hibit rich and complex structure. their colored nature is determined by the physical and
geometric properties depending on illumination, reflections and imaging on the scene:
color permits to distinguish details that in the original image are not clearly defined. Im-
age enhancement is basically a technology 10 improve image quality in terms of visual
perception of an expert. i.e. human being [1].

Color enhancement algorithms solve these drawbacks and many of them are based
on contrast improvement |2]. Therefore, it appears that color enhancement can become
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Advances in Computer Science and Ariificial Intelligence. Accep:red 01/08/08
Research in Computing Science 39, 2008, pp. 241-250 Final version 11/09/08



242 Peregrina-Barreio H., Avina-Cervantes J., Rangel-Magdaleno J., el. al.

an important tool for improving the acquisition of powerful color based descriptors for
machine vision applications [3). Image understanding requires segmenting (low level
task) a scene into a set of meaningful regions. that is partitioning a natural color im-
age into a set of perceptually color-uniform regions. In this case, if segmentations fails
all the further stages could produce unfit results. Limited color constancy strongly af-
fects algorithms. e.g. in outdoor robotics. color must be carefully used and reinforced
with some other kind of features (texture, shape. and so on). By the way, in the case
of assessing skin lesions in medicine, the expert has to provide a diagnosis whether
skin lesion is a serious pathology. For instance he could trust a color analysis by im-
age processing techniques 1o detect skin Jesions such as melanomas. Therefore, color
quality enhancement is a fundamental factor for many algorithms based on chromatic
features [1]. Nowadays. many techniques for improving image appearance are avail-
able and some of them are focused on project details. However, they have important
disadvantages: original color changes [4] and lose real appearance of the scene [5]. The
main characteristic of the proposed approach [6] is that it permits enhance color 1o dis-
tinguish more easily the difference between regions: all of this without changing the
original chromatic information [7].

This paper is organized as follows: a brief state of art in color enhancement is pre-
sented in section 2. our approach is presented in section 3, some preliminary results are
presented in section 4 and finally the conclusions of this work are discussed in section 5.

2 State of the Art

Image details (e.g. textures) are more evident when the contrast is high (the differ-
ence between the smallest and biggest colored pixel in the image), but if contrast is
modified. then generally the original color is also altered. Techniques of color enhance-
ment available of improving image appearance (weakly affecting the original chromatic
representation) are needed. Moreover. techniques based on histogram modification are
frequently used for color enhancement [8]. This kind of techniques modifies the his-
togram distribution 1o get an improved image, and good results are obtained in clarity
or contrast. but they are not adequate for color processing. Generally, these methods
modify each RGB color component without taking into account the correlation among
them: this substantially affects the results and the original colors [9].

A color calibration can also be taken further. to ensure the correct analysis (or repro-
duction) of color as well as intensity. Some other color enhancement techniques have
been proposed: based on histogram equalization. contrast enhancement techniques,
adaptive neighborhood histograms equalization method and 3D equalization methods
in the RGB color space. Some other methods exploit the correlation of luminance and
saturation color component of the image locally. Besides some authors exploit genetic
algorithms 10 cope with color enhancement as an optimization problem, as well as mul-
tispectral approaches where adaptive strategies for wavelet based image enhancement
have also been proposed [1].

Histogram equalization is frequently used for color improvement; in practice this
method consists on creating an accumulated histogram. which determines the quantity
10 be affected for each pixel. In that way, the new histogram is distributed along the
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desired dynamic rank of pixels. However. the new distribution modifies the value of
original pixels assigning them a new color [10]. this does not always give good results
and object contours are not naturally modified [11]. Displacing histogram is another
technique used 1o make a new image lighter or darker. and it is also based on a arbi-
trary change of values. Both techniques. equalization and histogram displacing. could
be useful in many situations but not in color enhancement or critical color based appli-
cations. due to the fact they do not preserve original colors nor maintain color appear-
ance [12] [13]. Retinex is another technique for improving image aspect. It is frequently
used when it is not possible 1o distinguish important details on image. A noticeable im-
provement is obtained in oversaturated images (Fig. 1). However. it does not work so
well with enhance color as it is shown further on.

Usually. some images may require some kind of color enhancement. even if they
have been taken by special devices [14]. However. for some applications a short pro-
cessing time is fundamental and complex algorithms for color enhancement (e.g. mul-
tispectral approaches) could be inadequate [15]. Taking into account real-time applica-
tions. a technique able 1o cope with low saturated color problem on images and improve
color appearance is proposed in this work. This approach exploits luminance modula-
tion 10 increase saturation on natural i images.

(a) Original image (b) Retinex

Fig. 1. Enhance image using retinex method.

3 Proposed Algorithm

3.1 Image Evaluation

Before applying color enhancement, it is necessary to detect if an image needs to be
enhanced. otherwise enhancing an image with good color quality (good saturation) will



244 Peregrina-Barreto H., Avina-Cervantes J., Rangel-Magdaleno J.. el. al.

turn out 1o be in a new oversaturated and unnatural colored image (Fig. 2). It was defined
a parameter. based on the image statistics. 10 make a decision whether color enhance-
ment must be applied or not. The parameter is the color definition of saturation; we
observed that images with good color quality have a saturation factor above of 0.55.
On the contrary. images requiring color enhancement have saturation below the fac-
tor. In this way. this threshold was established as condition to determine if the color

enhancement algorithm must be applied.

3 ool
001 )
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~

Fig. 2. Oversaturation effect (a)original image (b) output image

3.2 Enhancement Algorithm

The proposed color enhancement method is based on image Juminance like modula-
tor element, since luminance (L?) is closely associated with color intensity. L is taking
into account to determine how much the original pixel value must be increased or de-
creased. Three enhance coefficients (Coef(R, G, B)) are calculated. dividing the value
of each color band (BandIn(R, G, B)) between the Juminance of actual pixel (L(7)).
The biggest coefficient is chosen as the enhance factor (E factor) and dividing each

3 Juminance vector in CIELab space.
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coefficient. obtaining enhance quantities. Finally. the original values for each band are

multiplied by their corresponding enhance quantities (Ec. 1). The process is applied 10
each pixel of image.

Coef(R,B.G) = BandIn(R,G,B)/L
Efactor = Maz(CoefR,CoefG,CoefB) (1)
BandOut(R, G, B) = BandIn(R, G, B) * (Coef(R. G, B)/Efactor)

3.3 Luminance Adjust

Subsequently, an image is adjusted in luminance 1o enhance color, it means in color
intensity, with the objective 10 get a better distribution in luminance. This process (Al-
gorithm 1) consists on adjusting only the intensity. not the color; improving in this way
the aspect of previouslv enhanced image. New RGB values must be switched to CIELab
Space, because it is necessary 10 work with luminance vector. The process consists on
a single adjustment over each pixel, taking into account maximum (Lmaz) and min=
imum (Lmin) values of L. obtaining the quotient between the differences since :L(‘t)
1o Lmin and since Lmax 10 Lmin. This means. the adjustment factor is determme'd
based on distance between maximum and minimum. and current pixel value. Later. this
result must be affected by the maximum desired value of L. less the minimum d?sircd
value of L. Involving all luminance rank. the maximum value is 100 and the minimum

1s 0. Finally, minimum desired is added at previous result and in this way. it is possible
1o make a luminance correction.

Algorithm 1: Luminance adjustment.

Switch the new RGR values to CIELab space.
Determine maximum value of luminance: Lmax
Determine minimum value of luminance: Lmin
for i=1 until i=TotalPix

.L(i) = (L(i)-Lmin) / (Lmax-Lmin))=*100

if L(i) > 100 then L(i)=100 end if

if Lili) <0 then L(i)=0 end if
end for

Switch from CIELab space to RGB space.

3.4 RGB Adjust

"For Juminance adjustment it is necessary to transform again the values from CIELab
10 RGB space. It must be taken into account that not all values CIELal_) can be rep-.
resented on RGB space: it could happen that the values exceed the valid RGB rank
(0. 255). This must be avoided because false colors are not desired nor changes on th_e
original information. Again, value adjustment is necessary, but now in RGB space. This
avoids producing new colors in the output image. taking into account that we pretend
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10 project actual colors. not new colors. In this way. 10 adjust existing RGB values it
is necessary 1o calculate the maximum values (Rmax. Gmax, Bmaz) and the min-
imum values (Rmin. Gmin. Bmin) for each band. because based on them. the new
correction will be made. Maximums and minimums must be compared. and at the same
time. they determine the total maximum and minimum (7 maz, Tmin). To obtain new
desired maximums. it is calculated the quotient of maximum of each band and Tmax,
and after it is multiplied by the maximum desired value (MazxDes). New minimums
result from the differences between the minimum of each band and total minimum
Tmin. added with minimum desired (MinDes) and multiplied by the quotient by the
same elements. Later. it is made the RGB correction (Algorithm 3), which is Si;nilar
1o luminance adjustment. with the difference that it is applied 10 each band. The values
must not be greater than 255 neither less 0. reason why a verification is necessary. The
process described is shown next. ’

Algorithm 2: RGB adjustment.

Determine Rmax, Gmax and Bmax
Determine Rmin, Gmin and Bmin
Tmax=Max (Rmax, Gmax, Bmax)
Tmin=Min (Rmin, Gmin, Bmin)
R_Max=MaxDes»Rmax/Tmax
G_Max=MaxDes*Gmax/Tmax
B_Max=MaxDes*Bmax/Tmax
if Tmin >= 0 then

R_Min = (Rmin-Tmin+MinDes)*Rmin/Tmin

G_Min = (Gmin-Tmin+Mindes) *Gmin/Tmin
B_Min = (Bmin-Tmin+Mindes) *Bmin/Tmin
end if .

for i=1 until i=TotalPix
N_R(i)=((R(i)-Rmin)/ (Rmax-Rmin) ) * (R_Max-R_Min)+R_Min
N_G(i)=((G(i)-Gmin)/(Gmax-Gmin))* (G_Max-G_Min)+G_Min
N_B(i)=((B(i)-Bmin)/ (Bmax-Bmin) ) * (B_Max-B_Min)+B_Min
if N_R(i) > 100 then N_R(i)=100 end if

if N_R(i) < O then N_R(i)=0 end if

if N_G(i) > 100 then N_G(i)=100 end if

if N_.G(i) < 0 then N_G(i)=0 end if

if N_B(i) > 100 then N_B(i)=100 end if

if N_B(i) < O then N_B(i)=0 end if
end for

4 Experimental Results

Next. the results of color enhancement in outdoor images are shown. The image must
be analyzed before any color improvement: this avoids applying enhance color process
at an image with a good saturation Jevel. For example. Fig. 2 (a) does not need color en-
hancement and its shows a blue dominant color visible in the lightest region; if analysis
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is omitted. the result is an oversaturated image (Fig. 2 (b)) with an unnatural and exces-
sive color appearance. The histogram center of an image with good saturation is remote
of coordinate (0. 0). the central point is the brightest point: it means that histograms
very close 10 (0. 0) have faded colors and histograms very far from it are oversaturated.
Neither previous conditions are desired. due 10 the fact the objective is (o obtain a bal-
anced color image with good saturation. As i1 can be observed histogram of Fig. 2 (b),
it is remote 10 central point. it means image has good saturation level. In this way with
the previous analysis this image does not need a color enhance. If the analysis is omit-
ted. then resulting image is oversaturated (Fig. 2 (c)) for which. the histogram is farther
from central point. It is not the expected result of a good enhance color method. Other-
wise. as we can observe on Fig. 3 (a), the image has good clarity but colors are subdued
and it is difficult 10 distinguish clearly between contiguous regions. Fig. 3 (b)) shows
the histogram close to central point, and it is the reason of the grayish and subdued
appearance of image.

(c) Retinex result. (d) Color enhancement by luminance

Fig.4. Outdoor shadowed image
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Previously. it was said that equalization is frequently used for improve the image
contrast. However. when color improve is desired it is not convenient by reasons men-
tioned before. Fig. 3 (¢) shows the result of equalization and. as it can be observed,
the contrast is higher. since it is possible 10 distinguish more details that in the original
image could not be observed. Color is more intense. but the tree zone at the end of road
has been loss; it means lost of chromatic information and natural appearance.

Retinex method generally produced grayish colors and lighter image (Fig. 3 (€)),
that is not the goal in this case. Previously, it was mentioned that retinex has good results
with dark images: it enhances the appearance because it permits to observe details that
in the original image are not noticeable. The main disadvantage is the result of low color
image, so it is not a good technique for color enhancement.

Fig. 3 (g) shows the result of applying proposed color enhancement by the lumi-
nance method. Changes are more notorious and the image looks more attractive (hot
colors). The road zone can be clearly distinguished between bushes. such as leaves
color are projected among branches. The image was improved in color and false col-
ors were not created: so color was enhanced and the original chromatic structure was
maintained. The histogram of the new image (Fig. 3 (h)) shows clearly the difference
obtained with the color enhancement method. As it can be observed. it exists a notice-
able saturation enhance due 1o the histogram is now further of central point and this
causes than colors are more intense. It implies a color difference reflected on the image.
Thus. selection of R band on lighter region in original image, has been balanced with
others bands G and B. Other results are shown for outdoor images in Fig. 4.

S Conclusions

This work was intended 10 improve image quality with low saturated color. since this
preprocessing makes it easier 1o apply a color based method as well as color segmen-
tation or color classification. Image enhancing by the proposed method can help to
improve the results of processes that use color like main feature. This is possible due
10 increase a better region discrimination with powerful descriptors. Proposed method
is based on simple operations. thereby. avoiding an extensive processing and the re-
sult is a reliable method: it makes possible a noticeable chromatic enhancement. taking
image luminance as the principal element 10 modulate original color. Keeping original
colors appearance is one of the main advantages in the proposed method. Furthermore.
the proposed algorithm determines when a color enhancement is required in the image
based on the saturation parameter.
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Abstract. Stator Winding Fault can be detected by monitoring any
abnormality of the Park’s spectrum. In this paper is presented a fauli-detection
performance comparison between the Support Vector Machine (SVM) and
backpropagation algorithm (BP) using experimental data for a healthy and
faulty case. Support Vector Machine and Backpropagation Algorithm provide
environments to develop fault-detection schemes because of their multi-input-
processing and its gpood generalization capability. The training patterns are
obtained using motor current signature analysis (MCSA) and using Spectral
Park’s Vector. The neural networks are evaluated by means of the cross-

validation technique to determine easily the diagnosis and severity of tumn-to-
turn faults.

Keywords: Antificial Neural Networks. Faults Diagnosis. Induction Motor.

1 Introduction

At the present time the induction motor has a multiplicity of applications in the
human life. Induction Motors applications are presented in different processes in the
industry. However, the induction motors, as other machines. can fault during
operation. One of the most important faults presented in induction motors is turn-o-
turn short-circuits. Degradation of winding insulation can Jead to these faults, starting
a process that can progress 10 severe phase-10-phase or turn-to-ground faults. 'I"he
investigation presented in this paper promotes induction motor preventive
maintenance. This paper is organized as follows. Section 11 discusses about Aniﬁf:ial
Neural Networks particularly backpropagation algorithm and support vector machl.ne‘
Section 111 briefly describes the fundamental properties of the Park transformation
complex vector. Section IV shows the motor-data specifications and the measurement
and analysis data. Section V presents the fault-detection schemes and the
experimental results. Conclusions are presented in section V1.
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2 Artificial Neural Networks (Backpropagation Algorithm)

Stator winding fault diagnostic is essentially a classification problem in pattern space.
The anificial neural networks (ANN) can be used to classify patterns of a motor in
regular and fault condition. The ANN is a massively paralle] processor made up of
simple processing units. which has a natural propensity for storing experimental
knowledge and making it available for use [1]. There are many neural networks
models; however the Backpropagation (BP) networks are simple in structure and
stable in operation [2]. Neural Networks based on Backpropagation algorithm have
been successfully used for pattern recognition and nonlinear mapping. The BP is a
supervised learning method, and is an implementation of the Delta Rule; in this
algorithm are calculated desired outputs for any given input. The BP network is
structured by hide layers which are capable of classifying an arbitrary region of
multidimensional space. A three-layer BP networks is presented in the figure 1 where
n is the input layer node number as a set of input data (X, Xa...., Xp), m is the output
Jayer node number, i is the hidden layer node number pattern number, and w;; are the
weights between input layer node and hidden layer node.

Output layer
Hidden layer

Input Teyer (i)

Fig. 1. A three-layer BP networks.

In mathematical terms, the input Ner; is obtained as following:

Net, =3 (x,*w;) - )

i=1

The output Quiput, of layer node input is obtained by the activation function

Ompul_,. =f(Netj) (2)

In this paper was used the bipolar sigmoid function

3
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The Mean Square Error (MSE) is used 1o calculate the total error in training patierns.

N K
%ZZ(J%; ~Ji)’ @)
MSE — n=] k=]
N-K

where ), is the target output of the pattern n, 5’:.—;; is the actual output of the neuron &

at output layer for patiern n, N is the number of patterns, and K is the number of
output neurons.

3 Support Vector Machine (SVM)

An SVM is a method for separating clouds of data in the feature space F using an

with input data x, € R" and corresponding binary class label y, € {+1,~1} . the data

can be classified by means the SVM classifier. In the general case, the SVM classifier
is [4]:

J(x)=w'®(x)+b (5)

Where w7 is an m-dimensional vector, @ (x) is a nonlinear function. and b is a

scalqr. Data points are mapped by means of a kerne] with the purpose of searching a
maximal separation berween classes. The kernel X (-, *) corresponds to an inner
product of vector in the higher dimensional feature space if and only if Mercer's

condition is met [3]. In this paper, we used a polynomial kemnel, which is described
as:

K(x,2)=((xz))" With me¥ (6)

An example of the SVM is presented in the figure 2.

27
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Fig. 2. Example of classification regions of a SVM for a healthy motor and faulty case.
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4 Stator Current Complex Vector

Stator current complex vector can be represented as a Park’s vector. The Park vector
is generally used to carry out a simplified analysis of three-phase stator motor
variables. It consists on a two dimensional representation that describes tree-phase
induction motor phenomena [3]. In mathematical terms the current complex vector is

[3], [4): 1
- 1 . 3]).
] =§{iﬂ+[-%+j\/-§)ib+(—§—}\/;}tj (7

Wherei,,i,, i, are stator currents. Therefore Park’s vector has two components

(4

which are:
. B 1. 1 .
,d - 3'0 3 b 3 « ( )
< P
iq = —3_-(15 —'t) : (9)

Under ideal conditions, for a healthy motor, Lissajou’s curve i = f(i,)has a

circular -shape, centered at the origin and having a radio equal to the stator current
complex vector corresponding to the state of operating of the motor [5]. In case of
faulty motor, the Lissajou’s curve changes in shape because of the harmonics
presence generated by the fault. In this paper, Park’s vector complex spectrum is used
to detect induction motor faults.

5 Measurement and Analysis Data

We performed invasive experiments on an induction motor to obtain fault data or our
analyses. The characteristics of the induction motor used in the experiment are listed

in Table 1.

Table 1. Induction motor characteristics

Description Value
Power. 0.75 kW (1Hp)
Volage. 220V
Current. 3.2 A.
Frequency. 60 Hz
Number of Poles. 4
Speed. 1745 rpm

In the figure 3 (a) and 3 (b) is presented the experiment setup. The induction motor
was tested in healthy and fault conditions for different speeds and faults. A modified
induction motor with shorted adjacent turns was used in the tests carried out. Figure 4
schematically shows the stator winding design. including how turn-to-turn faults can
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be created. With this machine. a tumn-to-turn fault ranging from 1 to 9 turns can be
created.

Software LabView 7.1 l.

I v Y

——1 Induction Motor
— 1hp

Fig. 3. a) Schematic of the experimental setup. b) Actual experiment setup to collect healthy
and faulty motor data.

phase ¢

Turn-to-turn short-circuits
_’

phase L

(a) (b)
Fig. 4. a) Schematic of the stator winding design. b) Induction motor tested
Experiment consisted on collecting stator current data at different load motor

conditions and faults. The induction machine was tested at 0%, 25%. 50%, 75% and
full-load. Three Hall effect based sensors, Data Acquisition Card (National
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Instruments DAQ-Card USB-9162). and a computer was used 10 obtain motor current
data. Motor speeds were fixed by a Foucault Currents based break dynamic.
Induction motor speed was measured by a tachometer. Figure 5 shows the stator
current time evolution for a healthy and a faulty (nine- turn fault) motor respectively.

Heahhy Motor Motors with Fault
——Phase A | 1 i (|~ Phase A
| §
2{\ VAV /\l —Phase B, \i/|—Phase B
| ——Phasc C

WL N
kil il
A4 A%\ LAVAVALTAVAY
001 002 003 004 005 0 001 002 003 004 005
Time Time
(a) (b)

Fig. 5. Stator current time evolution under no load. (a) Healthy motor, (b) Motor with nine-
turn short-circuit fault.

In figure 6 is presented the Park’s vector trajectory and spectral for two situations:
healthy and nine-turn fault. As can be seen in this figure, the magnitude of the
harmonic at -60 Hz gives partial information about the fault. Harmonic at -180 Hz is
also 1aken in account for fault detection. Park’s vector in different practical situations
presents drawbacks like was mentioned previously. For this reason the Park’s vector
modulus spectrum is proposed to detected abnormalities in the induction motor. The
Park’s Vector FFT is a power method to detected stator-winding faults. Stator current
fault harmonics can be obtained as following [6]:

Josaor ={%(1_5)i'k}fo (10)

Where p is the number of pole pairs of the motor, k = 1, 2, 3.... n is the index
harmonic, and f, is the fundamental frequency. The equation 10 can be located

whether we are doing reference to Motor Current Signature Analysis (MCSA). The
slip s is defined as the relative mechanical speed of the motor, n,. with respect to the

motor synchronous speed n, as [7]:

s= & i
i (1)
The motor synchronous speed n, is related to the line frequency f, as:
120
n, =200 12)

P
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Where 120 is a constant used to express the motor synchronous speed n, in
revolutions per minute (r/min) unit.

Vecior Comples Heaky Motox

b i SR B

(a)
ol 1
Ji::'-‘-'.rer"-!—' )
Frequency (Hr:
= Fauk Mot
(b) 1 o

&

qavie Riatne Coerent (A}

)
T

&
i
i
1
1
i
i
i
i
1
1
:
!
'
i
i
L]
i
'
H
1
1.

Fig. 6. Park’s vector trajectory and spectral for a) Healthy. and b) Faulty condition.

Thus, we can do an analysis of the relation between the magnitude differences of
current spectrum versus turn-to-turn fault severity under different load conditions.
This relation is presented in the figure 7.
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Fig. 7. Magnitude of the harmonic at -60 Hz for several speeds and fault severities.
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6 Fault-Detection Schemes and Experimental Results

The experimental data were collected with a sampling frequency of 9.84 KHz for
what each motor-current data set contains 9840 samples for duration of 1 s. There are
a phase of pre-processing for that the current-data are processed by means of the
spectral Park’s Vector and using the equation 10 are obtained the training set
according the frequency where is presented the stator winding fault. Each training set
correspond 1o two types of condition: Healthy Motor and Faulty Motor under
different load conditions. A training patiern is a vector of three columns whose data
corresponding 1o the frequencies of -180 Hz and -60 Hz and 60 Hz of the Park’s
vector spectral. The experiments were based in two schemes: an artificial neural
network with Backpropagation algorithm and a Support Vector Machine. The number
of patterns in both schemes was obtained according 1o the rule of Baum and Haussler
(1989) and is determinate for the next condition [11]:

pall (13)

€

Where P is the number of training patterns, W is the number of weights in the
neural network Backpropagation, and e is the percent of error in the classification on
the validation set. Thus. with e = 0.1 and a maxim of 100 weights in the neural
network, are obtained 1000 training patterns. These 1000 patterns are divided in two
sets that correspond 10 the training patterns and validation patterns. The dimension of
the training set is of 666 patierns and of the validation set is of 333 patterns.

6.1 ANN with Backpropagation Algorithm

The development neural network of this paper is based in the process of Rodvold
2001. This process is composed of five steps (“Network Requirements, Goals, and
Constraints”, “Data Gathering and Preprocessing”. “Training and Testing Loops”,
“Network Deployment” and *Independent Testing and Verification”) [12]. The values
of the weights are initialized according to the method of Nguyen-Widrow with the
purpose of improvement the Jearning ability of the hidden units. This method is based
on geometrical analysis of the response of the hidden neurons to a single input. First
is calculated the scale factor by means of the next equation [11]:

p=0.7(p) =073p (14)

Where n (n = 3) is the number of input units, p is the number of hidden units. To
initialize the weights is necessary to follow the next steps:

1) For each hidden unit, initialize its weights vector v;; that has relation with the
inputs units.
2) Firstly, set random number between -0.5 and 0.5 to the weights vector.
(15)
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v, (0ld)= random number between -0.5 and 0.5

To calculate:

; : (16)
||v1 (old)ll = \/"U (old)" +v,,(old)" +...+ v, (old)
Reinitialize weights:
_ Bv,(old) (17)

v, =
% nv} (old )II
3) Finally. set bias Voj random number between —f and +/ .

We have two schemes of training for the neural network. The gradient descent is
used in both schemes with the next parameters: learning rate is 0.00] and momentum
is 0.8. In this paper is used the bipolar sigmoid function.

2 (18)
142

S (x)=

In case 1. we have stopped training if the network training error reaches a pre-sel
value, which in our case is set 10 0.0005. The training and test results for thls. second
case are shown in Table 2. In this case the ANN only recognizes a motor with fault

and without fault. Two output units are codified in this model: 1 for faulty motor and -
1 for healthy motor.

Table 2. Training and test results of the neural networks structures

ANN Units Hidden Validation Error % Test Error. %
3 10 0.391097 92 0.494273 90
4 15 0.524772 87 0.424829 90
5 20 0.543908 87 0.627349 85
6 40 1.386552 83 1.083323 80
7 60 3.665848 74 3.723645 75
8 80 2.17137] 78 3.828273 75
9 100 3.533251 74 4.049451 70

In case 2, we have taken into consideration that we have a large numbe_r of units 1n
the hidden layer than the input layer. The gradient descent is used to train the ANN
structure. In this case the neural network diagnoses the healthy and faulty condition
motor. However, also, diagnose the severity fault since one to nine short-circuits in
the stator winding. In the Table 3 are presented the outputs units.
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Table 3. Outputs units of the artificial neural network.

- Outputs Unit
Conditions Motor ] - 3 4
Without Fauli. -1 -1 -1 -1
1 short-circuit. ] -1 -1 -1
2 short-circuits. -1 1 -1 -1
3 short-circuit. ] ] -1 -1
4 short-circuit. -1 -1 1 -1
5 short-circuit. ] -1 ] -1
6 short-circuit. -1 ] ] -1
7 short-circuit. ] ] ] -1
8 short-circuit. -1 -1 -] ]
9 short-circuit. | -1 -1 ]

The training and test results are shown in Table 4.

Table 4. Training and 1est results of the neural networks structures .

ANN Epochs Training Error. Validation Test Error
Error

] 310,000 0.034070 0.14150 0.24350

% Classification

Validation/Test . 86% / 80%

450,001 0.004098 0.05766 0.05966

% Classification

Validation/Test 90% / 90%

3 620,001 0.011436 0.05853 0.06150

% Classification

Validation/Test 90% / 88%

We applied training stop technique known as “Cross-validation”. Cross-Validation
is a technique 1o prevent overtraining which consist in to divide of the data in two
disjoints sets. The first data set is the training set, which is used to train the ANN and
the second set is used 1o validate the ANN structure. Thus. the validation error is
checked throughout the training process. From Table 4, the absolute errors between
the network outputs and the object outputs for all training patterns are less than
0.004098 afier 450. 001 iterations. It is shown that the BP networks have the very
high diagnosis accuracy and good generalized ability. The figure 9 illustrates the
principle of the cross-validation. The figure shows that training stops at the 450,001
epochs. In this figure can be seen the increment of the validation error, the training is
stopped 10 avoid overtraining and most recent weight and the biases are used as the
neural networks parameters.
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Fig. 9. Training and validation error curves with cross validation technique.

6.2 Support Vector Machine.

The learning samples and the test samples for the SVM are the same that we were
used in the neural network with backpropagation algorithm. The polynomial kernel is
used 10 train the SVM. The percent of accuracy rate in the classification. the accuracy
rate in the generalization, and the number of support vectors in relation with the grade
of the kernel polynomial is presented in the table 5. The percent of the rate of

generalization and classification is obtained of the division of the correct number of
patierns recognize and the total number of patterns in the set.

Table 5. Training and test results of the neural networks structures .

Polynomial Grade  Rate (%) Rate (%) Number Support

Classification Generalization Vectors
3 91 87% 21
4 91 87% 15
S 97 90% 18
6 96 91% 15
7 98 91% 15
8 99 96% 2]
9 98 96% 12
10 93 90% 9

7 Conclusion

Current spectrum analysis based on vector complex and a neuronal network 10
diagnose windings faults of an induction motor has been presented. Support Vector
Machine and Backpropagation Algorithm were implemented in software 10 do the
diagnostics on line and off line of an induction motor. The system is limited to the
diagnostic of stator windings faults. The patterns are obtained by means of the
spectral Park’s Vector and using the Motor Current Signature Analysis. The MCSA
does possible 10 identify the harmonics that describes the presence of a fault by mean
the equation 10. A patiern of behavior is observed in the frequency of -60 Hz of the
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spectral Park's Vector while the harmonic on 60 Hz can describe a feature about of
velocity of the induction motor. A SVM and Backpropagation Algorithm are trained
10 diagnose faults in an induction motor: however the results suggested that the SVM
could be used 1o develop fauli-detection schemes because of their multinput-
procesing and its good generalization capability. Cross-Validation technique was used
to prevent overtraining and to stop the training of the neural network with
backpropagation algorithm.
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Abstract. This paper describes the Flexible Graphic Visualizer. designed
for the graphic interpretation of the results of flowshop scheduling
algorithms obtained in a computational svstem. The visualizer is intended
for the understanding of the data model generated by a scheduling
algorithm. The visualizer interface integrates different visualization and
interaction techniques for a deep and interactive exploration of the
information represented in a visual manner. Due to the capacity of the
visualizer to represent graphically data of any scheduling context, this

system is useful to visualize complex data from flowshop scheduling
algorithms both on production environments or research.

Keywords: visualization, scheduling. flowshop. Gantt chart. visualization
techniques.

1 Introduction

This paper describes flexible visualization software for graphic interpretation of the
results of the execution of algorithms for flowshop scheduling.

The first work dedicated 10 job scheduling. was published in 1950’s by S. M.
Johson [1]. Since those times. the problem attracted the atiention of many researches
because the theory complexity. and diverse of practical’s applications [2, 3]. Pue e
this complexity, the analysis and execution of scheduling algorithms require the
development of computational systems. such as visualization tools, that help an the
interpretation of the algorithms’ results. With the help of these tools. it is possible 10
make clear different schedules effects. such as "bottle necks". machines employment,
homogeneity. etc. ' .

When a specific scheduling algorithm is implemented in industrial environments. 1t
is important for the operators 10 have adequate representations of the data, showing
not just the schedules but related information, in a comprehensible and comfortable
form. to support the organization of the productive process. The information related to
the schedules are. allocation of jobs 10 the resources, monitoring of jobs’ dates 10
machines. setup times in machines. WP, interruptions of machines for blocking, elc.

The visualization systems or visualizers available at this time. both con:imerClal
and particular. were designed for certain groups of problems according to tl?e interests
of their users. Taking this in account, the properties and behaviors of visualizers allow
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classifving them in three categories: /avour visualizers, automatic visualizers and
enterprises solutions visualizers.

Lavout visualizer provides the user with a set of tools, such as lines and forms. to
generate graphs from the results of its scheduling algorithms in a manual way [4, 5].

Automatics visualizers have an interface for interaction with the user; involve
programming 10 generate graphics according to a wanted context. They provide
diverse 100ls for the exploration of the data [6, 7. 8].

Enterprises solutions visualizers are integrated in packages of applications that
offer 10 the companies” solutions to their problems in diverse areas, such as the
management of departments. the planning of the production and projects, etc. The
features for these visualizers are very general due to their tendency of embracing
diverse areas. The specialization and robustness of this kind of visualizers are in
proportion with the cost and the maker's prestige [9, 10].

Due 1o the complexity in the generation of calendars, standard free software
doesn't exist for charting the results of specialized algorithms in scheduling. The
commercial visualizers are oriented to enterprise companies at very high cost [7, 9,
10]. The visualizers developed for research is oriented to particular uses, for example,
[11,12].

The investigation of algorithms and visualizations of results for complex models
of scheduling imply a variety of elements to be represented in the same char.
Otherwise. the implementation of visualizer in the factory requires diverse focuses in
a schedule with the purpose of acquiring valid conclusions about the productive
process.

This anticle describes the design of a flexible graphic visualizer (VGF) that
achieves all requirements above mentioned. It is employed as an independent
component for the system PLARETF. developed for execution and analysis of
flowshops scheduling algorithms [13. 14].

The rest of the paper is organized as follows: Section 2 explains the definitions and
intrinsic notations in a scheduling problem, shows up the visualization of problem
results using a Gantt chart. The Section 3 describes the state of the art for the
knowledge acquisition from a dataset that are studied in a specific context. The
Section 4 provides the design of VGF. Presenting the scheduling knowledge model
and the visualization techniques identifies according to the characteristics of the
scheduling: Jater is detailed the elements of VGF interface in which are reflected the
visualization techniques studied and the way we relate them to provide many
perspectives and details of the information. In another section the characteristics of
VGF f{lexible input format that allows represented graphically different models of
shops scheduling is showed. Also, the VGF architecture showing the outline of its
elements and the communication that exists among them to provide the required
functionalities are presented. Lastly. section 5 contains the conclusions of the work.

2 Scheduling Problem

Different aspects of scheduling are examined in scientific literature [15, 16]). The
problems are formulated in terms of “jobs™ which are processed in “machines” with
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various constraints. The jobs flow patiern of the machines defines the shop model. A
conveyor with m successive operations represents a simple flowshop (FS). If for the
execution of at least operation are several machines available, such shop called as
flexible flowshop with m stages (FFS). if the machines in a group are identical, and
hybrid flowshop (HFS). if these they are uniform (machines with different speeds) or
not related (different machines). The Fig. 1 show the resources system in a FFS with
m stages, each of which contains m; parallel machines, i=1, ..., m.

_ Stage]  Stage2  Stagem
— T T
S NI R S N

Effer oo | R —— iOutput

— | | s|-__>; f | —
R o
TIIE
——J L==_ |

Fig. 1. Flexible (hybrid) flowshop with m stages.

With each one job j, j =1, ..., n, several data are associated, as processing

time p;; in the machine i of stage /, arrival instant rj in shop, due day d; that

represents the dates the job j is promised to the customer, weight w; which is
basically a priority factor of job related to other jobs in the system, setup time Sjjjk of

the machine 7 to process the job k afier the job j. the model specified other properties
and restrictions as set M of eligible machines for job j when in the machine

environment are several machines in parallel, machines blocking which may occur in
flowshops when it has limited buffer between two successive machines for work in
process (WIP) between two successive machines. etc.

The scheduling aim is 10 satisfy criteria. The most common optimization criterion
is 10 minimize the jobs set processing time (makespan) since usually implies a higl}
utilization of the machines. Others criteria exist. such as minimize the jO_bS‘
finalization time, considering jobs arrival at the system (release times). finalization
compromise dates (due dates), priorities (weights), precedence relationships. the
number of jobs retarded. among others.

Here an example is presented. It is necessary 1o process 6 jobs in a HFS of two stages
with a machine in the first stage and two machines in the second. All the jobs consist
of two successive operations. The first operation carries out by unique machine of the
first stage. To execute the works 1, 2. 3 is eligible the machine 1 of the second stage
and for the other three works the machine 2 is eligible. The jobs release times are

ri=0, j=1,...6. The Table 1 shows the jobs™ processing time for the example. The

non eligible machines for a definitive job are marked with the sign "-",
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Table 1. Jobs processing time

Jobj Machina 0 Machina ] Machina 2

] 1 4 -
2 5 9 :
3 3 6 -
4 5 - 5
5 4 - 10
6 8 - 7

The permutation 7* = (5, 2, 6. 3, 4, 1) corresponds to optimal schedule with
Cinax =30. The Fig. 2 shows the problem solution in Gantt chart form for the

permutation z*.

Fig. 2. Gantt chart for the optimal permutation 7* =(5,2. 6, 3,4, 1)

As shown in the example, the Gantt chart clarifies the visualization of the
assignment and the movement of jobs on the machines, timing of each job. and idle
times of each machine. In a similar way, other properties and restrictions of the shop
are indicated in the chart. The Gantt chart is applicable for any kind of shop:
flowshops, openshop, jobshop, therefore they are used in different scheduling
visualizers [6, 7. 8, 9, 10].

The visualization of scheduling shops has its intrinsic complexity due to variations
in:

— Length of Ganti chart that vary from short periods of time to Jong periods, until

thousands time units:

- Models of resources as number of stages in shop, number of machines for

stage, type of flow of jobs.
~ Concepts and values 1o be displayed. such as makespan, setup times of the
machines. release times, WIP, and blocking.

— Necessity of obtaining and visualizing the information for demand.
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3 Acaquisition of the Knowledge through the Visualization

3.1 Knowledge Acquisition Stages

The visualization is the creation of a mental image from an abstract concept [17]. 10
perceive the characteristics of the data examined. Diverse approaches exist about the
knowledge acquisition, locating the visualization as a layer between the human and
the information [18]. In publications referred below. authors analyzed how the
knowledge was represented 1o visual form from raw data. According to [19]. the
knowledge acquiring process is composed by four conceptual elements that evolve in
the time: those elements are involved in an understanding context.

In the lowest part of the model. the raw data are stored as a characters set. In the
following level metadata are added. 10 bind the raw data to particular context.
resulting in what is denominated as information.

Until this point the raw data and the information are denominated as producers
because they produce the information about a context. In a higher level, the
information interacts with a human. The data are interpreted when being placed in a
context. Based on the experience. the knowledge has achieved. In this point. the
knowledge and the information are denominated as consumers. Finally become a
concept called wisdom, which is achieved using and combining the knowledge in
different forms and situations inside the individual's context.

Another approach is proposed in [20]. In the visualization process there are four
basic phases that feedback between the last in the first. The first phase consists on the
recollection and storage of the data. the second phase pre-processes and it transforms
the data in information according 10 the individual's environment: the third phase
deploys the graphically information that activates the visual and cognitive human
systems. An analyst interacts with the information in three aspects. The first one is {he
data recollection from any physical environment where they are stored, and a social
environment that determines their interpretation. Aspects as the exploration and
manipulation form the second aspects where the data are been understanding for the
human. and the third aspect is about the visual device. the manner which the
information is represented to the user in visual form.

In [21] described the transformation phases of a dataset into visual forms for
human collectors. In the first phase. the raw data are converting in tables of data
through of metadata aggregation. The following phase is 1o add a visual structure 10
the data tables producing a visual representation. This is achieved through visual
mappings. The last phase involves the visual mappings interpretation to show them 10
the user through a visual device. The user feedback the svstem through the change of
parameters that control them the three phases of transformation above mentioned.

The visualization concept approach development by Card [21] was used as
conceptual base for the VGF design. and is described in section 4.

3.2 Visual Exploration of Data

Three processes compose the exploration of data in a visual way: panorama, zoom
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and filtrate [22]. First. the user needs 1o get an early panorama of the data, where
patterns are identified and focused in one or more of them. To analyze patierns, it is
needed 10 access data details. The user identifies a data subsel. deepens the panorama
through zoom and filtration process. decomposing the subset and exploring its
elements 1o obtain details. It is important stress that the visualization technology not
only provides the bases of the techniques for the three processes of the data
exploration but it is also the bridge among them.

3.3 Visualization Techniques

Below the techniques applied for the interactive visualization charts are described.
Keim [22] classifies the visualization techniques according 1o three approaches:

— Characteristics of the data.
- Technique used for visualization.
- Technique of interaction with the data.

The data characteristics specified the data types represented: one-dimensional., bi-
dimensional data. text, hypertext. hierarchy, graph, algorithm, and software.

In [23] a deep analysis is made about the visualization techniques and the context
in what are appropriate: 2D and 3D graphics, geometric transformations, iconic
representations, density diagrams of pixels (stacked diagrams are an example of
them.) Also in the same paper authors analyzed how the data can be explored and

manipulated.

4 VGF Design

The VGF described in this article. is an application developed for the necessity of
representing graphically the results from PLARETF [13] system. The VGF system

has a flexible input format. and allows the graphical representation of any shop type.
including openshop and jobshop. with their characteristics and restrictions.

The agile understanding of the model is reached through the application of
interaction technologies. Below some visualization aspects are described in the

scheduling context.

4.1 Scheduling Results Knowledge Model through VGF

The model of understanding through visualization, presented in fig. 3, describes how
the data generated by a scheduling algorithm, are understood by an analyst. Three
transformation processes and a feedback process compose it.
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Fig. 3. VGF scheduling results knowledge model

In the process of contextual ransformation. output data of an algorithm, stored in
a text file in the input format of VGF are interpreted in the scheduling context. Thus,
the raw data has become information. The VGF component, transforms the
information from scalar to the vector adding visual mappings.

Later. the VGF component transforms graphically the vector information through
the interface. showing the algorithms results in graphical form. In addition. the VGF
interface offers a collection of 100ls that allows user interaction with the information.
In this point. the feedback process facilitates the access to the calendars data in plain
text, to manipulate the information and to explore it in detail. activating the cognitive

and visual systems of the user. The transformation and processes feedback are inside
the scheduling context.

4.2 Visualization Techniques

The VGF used the following visualization techniques [22].

— Data representations:

The system uses text 10 define labels and comments. The jobs processing dates are
defined as two-dimensional data of text: it is an array whose each line describes the
job timing. The data involved in the shop model representation are hierarchical. in
tree form whose root is the shop. the machines occupy a second level. and the works
are the leaves. :

- Visualization Techniques:

As the main representation for the algorithms results provided by PLARETF, we
use Gantt charts for the representation of scheduling characteristics and restrictions.
The Gantt charts allow visualizing, in an agile way. the jobs processing order in the
shop, indicating the machine used. and the beginning and end instants for each
operation of the jobs.

The diagram radar view shows a scaled representation of the diagram of Gantt to
give the user a total perspective of the image. This is usefully when an original
schedule is very extensive and doesn't spread out entirety in the screen. This is
important when. for example, a schedule has a big number of stages. machines, and
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jobs: big values of times: and numerous restrictions and characteristics. This kind of
diagrams offers the possibility 1o browse the data and to observe in detail the
characteristics of a subset of data.

The third visualization technique implemented is a tree diagram. which takes
advantage of the hierarchical characteristics of the data and it deploys 10 the tree a
directory of elements whose three levels are the shop. the machines and the jobs. This
kind of representation allows observing the complete structure of the shop.

— Interaction techniques:
The interaction techniques added to the VGF allow the interaction with the data

through an interface [20].
Interactive Zooming provides a scale diagram handling in two senses: nearing to

the data 10 show information in detail on certain areas on the image: reduction of the
image 10 give a wide perspective. In dependence of the original size the Gantt char

offers 25. 50, 75. 100. 150, 200 % of zooming.
Interactive Filtering consists on the selection of a data subset 1o observe its details,

for example. 1o show the work-load assigned 10 each machine.
Linking and brushing provide simultaneous visualization of the same information
in related diagrams that provide several perspectives of the same information to the

user [25, 26].

4.3 Interface

The VGF interface integrates the visualization techniques and the interaction
techniques mentioned previously.

The screen is divided in five areas (Fig. 4a): 1) Menus and shoricuts, 2) Gantt
chart, 3) Shop tree. 4) Radar view, 5) Schedule properties.

The menus and shortcuts area incorporate basic actions: open files. save files, print
diagrams. export a graphic schedule. as well as the shoricuts to provide greater agility
in the handling of the system.

The tree diagram corresponds to the hierarchical structure of the shop. having the
shop as root. and in second level the machines are located with the jobs as leaves.
This diagram is related with the Gantt chart, the radar area and the schedule properties
in the following way. When the user selects a node of the tree. it is shadowed in the
Gantt chart and in the diagram of radar view. Also the interface shows the information
details of the selected node according to the context of the element. For example, if
the user selects the root of the tree, the Gantt chart stand out and the characteristics of
the shop are shown in the area of properties containing: kind of shop (simple
flowshop, hybrid or flexible flowshop). characteristics of machines (parallel,
identical. uniform or not related machines). among other data (see Fig. 4a). If a
machine is specified. then in the area of properties the characteristics of the suitable
machine are shown containing information such as: number of jobs assigned for
processing in a machine. completion time of all the works, jobs for stage with their
respective completion time (see Fig. 4b). In the event of selecting a specific job, in the
properties area are shown the instants of their release times in the shop. beginning and
end of the setup times. and completion times (see Fig. 4c).
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Fig. 4. VGF interface: a) selection of root tree; b) selection of machine; ¢) selection of job.

The Gantt chart spreads the schedule with all their characteristics defined in the input
file of VGF: release time and finish time for each job. and their operations with regard
1o the machines. In this space it is possible 10 add the analyst's annotations about the
graphic schedule.

Radar area shows the complete Gantt chart. adapted 10 the size of the area. using a
reduced scale. It offers a wide perspective of the diagram. and allows the navigations
1o specified parts of the graphic representation in the area of Gantt chart.

In the area of schedule properties. some properties are shown according to the level
selected in the area of shop tree. It also allows to the analyst 10 make comments about
the schedule in description field.

All the diagrams that appear in the VGF interface are related 10 each other 1o offer
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different views from the same information. as it prescribes the use of the multiple
visualizations. in such a way 1o provide bigger detail of data [27, 28].

4.4 Input Format

The computational system PLARETF provides to the VGF system with scheduled
data in a special input format. The solution of the scheduling of a workshop, provided
by PLARETF is not agile for understanding due to the extension of involved
information. The input format of VGF was designed in such a way. that can adapt it to
any scheduling context.

Below the input format implemented in VGF is described. The data is divided in
four sections (Fig. 5).

The first section (Fig. 5a) contains the schedule notations. It is a summary of
declarations of the notations in the text file for their visual representation.

The second section (Fig. 5b) summarizes the shop characteristics. which contains
Graham's triplet: shop characteristics (FS, FFS or HFS). and characteristics of
machines (parallel, identical, standardize. not related). Also. all the jobs characteristic
and optimization criteria are specified.

The third section (Fig. 5¢) describes the shop resources. detailing the number of
stages and the number of machines for each stage, as well as the total jobs quantity in
the shop. All the machines, jobs characteristics and optimization criteria are specified.

The fourth section (Fig. 5d) is the area of specification for schedule times. An
array contains the timing of the works. The items correspond to concepits related with
cach job: processing time. release time. setup time, WIP, and blocking.

The columns are organized by triads. For an ltem 1, the first triad describes the
timing of job in the machine that carries out the first stage (operation): the machine
number, time of beginning in this machine and time of the end. The second triad in
the same way describes timing of the second stage, etc., for all stages and for all
items.

The form of representation of input data in an array gives the flexibility to VGF
because it is independent of the scheduling model.

The svstem allows 10 add more elements than they are in a traditional Gantt chart,
that represent another data besides of jobs processing time and sequence depends
setup times: in order to accomplish this, it will be enough with adding another label
called description in the section one. and add an array in the section four for the new
description.

4.5 VGF Architecture

The architecture of VGF is organized in three layers (see Fig. 6). The first layer
corresponds to the interface by means of which the user interacts with the
information. represents visually the algorithms results and allows 1o manipulate and
explore the data. The second layer works as VGF administrator that monitoring and
responds 10 the user’s actions. The third layer contains the VGF component, divided
in three modules: interpretation engine, entity data and mapping visual.
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Fig. 5. The VGF input format: a) notations section: b) schedule features: c) resources
specification: d) array of processing times.

The interpretation engine is the one in charge of reading all the information of the
input text file, to incorporate the information into the system and to store it in the data
entity module. The mapping visual module take the stored information from data
entity and transforms the information from scalar to the vector. and generate a
diagram that is sent 10 the VGF interface 10 present it 10 the user.

The VGF component represents the Gantt chart. Therefore. it has the property of
been reusable in other projects. It requires as input, the schedule information
generated by the jobs scheduling algorithm and creates a Gantt chart with all the
schedule’s characteristics. The VGF component is independent of the management
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and visualization modules. It is designed 10 be re-used in any visual platform
customizing its characteristics to respond 10 the necessities of future research where
the visualization of job shops scheduling should be required.

__VIEW | CONTROL MODEL
T ———————————— — =
| Component

VGF VGF ||| Visua! Mappings
Interface Management ||| —————
| Data Entity .
| [ Interpretation Engine

Fig. 6. VGF Architecture

5 Conclusion

In the development of visualization systems is important to take in account the
specific context of the area in order 10 extract most information about the graphical
representation of the data.

The real production implies necessities in the development and researching of
scheduling algorithms with specific characteristic of the problem. The complexity in
the visualization of calendars is due to the variety of elements to be represented in the
same chart. At the moment doesn't exist sofiware of free distribution that shows all
the elements in a schedule. The commercial visualizers don’t achieve with the
investigation necessities and they have a high cost. '

In this article we proposed a model of acquisition of the knowledge in the
scheduling context through of the user's interaction with VGF. The design of the
interface in form of four related areas gives 10 the user different perspectives of the
information. VGF is a flexible visualization system due to his input data format, and
visualizes diverse scheduling shops. This VGF could be reused in future researches
that require the visualization of schedules generated for different scheduling models.
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