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Preface

The purpose of this volumen is to reflect the new directions of investigation in
selected areas of Computer Science, mainly related with artificial intelligence.
Papers for this volumen were carefully selected by volumen editors on the basis of
the blind reviewing process perfomed by editorial board members and additional
reviewers. The main criteria for selection were their originality and technical
quality.

This issue of the journal Research in Computing Science can be interesting for
researchers in computer science, especially in areas related to artificial

intelligence, and also for persons who are interested in cutting edge themes of the
computer science.

This volumen contains revised version of 28 acepted papers by 78 authors,
selected for publication after thorough evaluation process.
The papers are structured into the following sections:
- Algorithm Theory.
- Neuronal Networks and Optimization.
- lmage Processing.

- Neuronal Language Processing and Knowledge based Systems.
- Robotics.

- Computer Networks and Web Services.
- Software Engineering.
- Artificial Intelligence.

This volue is a result of work of many people. [n the first place, we thank the
authors of the papers included in this volumen for the technical excellence of their
papers that assures the high quality of this publication.

We also thank the members of the International Editorial Board of the volumen
and the additional reviewers for their hard work consisting in selection of the best
papers out of many subinissions that were received.

We would like to thank to personnel of the Center for Research in Computer
Science of the National Polytechnic Institute, for their indispensable help in the
process of preparation of the volumen.

May, 2010

Miguel Martinez
Antonio Alarcon
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Abstract. In this work, first present the methodology used in the Real Time
Volcanic Monitoring System such as SA-RT (Structured Analysis for Real
Time) used for the design of the system, and the system itself created for the
prevention of the consequences during a catastrophic volcanic event. During the
second phase, the Analysis and Risk Assessment of the system is presented.
The main contribution of this paper is the complete Risk Assessment Analysis
done after finished the design of the system. In order to make a complete Risk
Assessment Analysis for complex systems and critical systems done by the
engineers, some methodologies are used like the Fault Tree Analysis (FTA),
The Markov Analysis and the Petri Nets. In this paper all of them are presented
and used since the beginning. First, the Petri Nets are used by the SA-RT
methodology in the design of the system. Then the Fault Tree Analysis is used
to perform the reliability and safety analysis and to prevent the consequences of
an eventually catastrophic volcanic event. The Markov Analysis is used to
model all the system because it has high dependencies between its components.
Finally the parallel software design is done by the LACATRE methodology.

Keywords: Risk Assessment, Qualitative Risk Assessment, Quantitative Risk
Assessment, Markov Analysis, Fault Tree Analysis.

1 Introduction

The active volcanoes are a risk for the society that live near, so it is necessary to study
them in order to predict a major event and prevent its consequences like the lost of
lots of human lives, the environmental damage and in general the society is very

OM. Martinez, A Alarcon (Eds.) Received 30/04/10
Advances In Computer Sciences and Engineering Final version 19/05/10
Research Computing Sciences 45, 2010, pp. 3-13 Accepted 14/05/10
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affected because of this. The Software and Hardware systems help the specialists to
predict and to understand this activity better than before, but still doesn't exist 100%
of true prediction about a catastrophic volcano event. The Risk Assessment
Engineering of certain complex systems[13, 14] like the critical systems of a nuclear
plant helps to prevent catastrophic cvents[11, 14, 15] but in the case of natural
disasters cxist event a more random probability to occur because is not in function of
human activity.

The volcanic monitoring is a hard work that requires a lot of time and effort to have
success. So it is necessary to use an automatic system to do this job but also it is
necessary to make the Risk Assessment Analysis in order to maintain it always
working. The Real Time Monitoring System is a developer tool that helps to
monitoring the Popocatepetl activity, additionally of the existing monitoring systems
like CENAPRED systems UNAM system and the related work done by many
countries in order to prevent this catastrophic event [1,2]).

2 Real Time Monitoring Systems
2.1 Architecture Requirements

Two magnetometers are located strategically in the cone of the Popocatepetl volcano
to monitor the magnetic activity and they would transmit that activity trough a GSM
Web that will transmit the data by Internet [1]. A computer system located in the
research center of CUPREDER will receive that information and the specialists will
be able to make an interpretation of the actual activity, but some Critical Parameters
shall be taken into consideration in order to register an abnormal activity and try to
predict the comportment of the volcano[1,2] (Fig. 1). . :

SISTEMA GLOBAL DE MONITOREO
VOLCANICO EN TIEMPO REAL

., Red GSM (GPRS)

~

..__-___--
=
3
—
~
.
@

e Q
" Roulter
TEEW
M2
Sislema de moniloreo
wolcAmeco en tempa real
(ava RTSJ)

Fig. 1. Global System
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2.2 Real Time Monitoring System Methodology

The methodology used to design the Real Time Monitoring System was SA-RT
(Structured Analysis for Real Time) that shows a coherent and structured vision of the
design of Real Time Systems. The objective of the magnetometers is to transmit the
magnetic signal by wircless information to the GSM system that will send that
wireless signal to the RTSJ System. While the system is working, the information will
be shown in the screen and if there should be an abnormal activity registered by the
critical parameters an alarm will be activated. All the data will be saved in a Database

that will be accessed by another analysis subsystem [1, 2, 3, 4, 6 and 8]. This is shown
by the context diagram (Fig. 2).

GSM Syst.
Magnetom. Inalambric Inalambric
1 signal signal
— - (
~ -~ To send
Magnetism To transmit \ )
reception _ _. ~
- -
Magnetom. Inalambric Data Characters
2 signal from the moniloring
RTSJ
System

Analyse

System operation subsystem

Fig. 2. Context diagram

The Data Flow Diagram (DFD) is shown below (Fig. 3) with all the system processes
and the events that enter and go out from the control bar. Also the data flow interact
with the whole system and can be compared with the Critical Parameters in order to
compare and better understand an abnormal volcanic activity if produced. The State

Transition Diagram is derived from the DFD (Fig. 4) and shows each state of the
system while functioning.
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-7 ' wﬂ?mt =
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\ Magnetism capture netism caplure
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: ; \" - \ \ | Dala transmission Data transmission
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asmn L7 owa 5, Sgnatonived |, ala recannng
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QM ) messag ! Showing danger Normal Activity Normmal activity
donger | Moniloring vation ¢ Shawing monitorig | AbRormal activity
‘ 1’Altl.rl'll achivation L ] ng ettt
— —_ messages y Saving data
Danger ng e Asenl it
yss3ges - \ Szmn monitoring monitoring Storage
—h_/

Fig. 3. Data Flow Diagram (DFD) Fig. 4. State Transition Diagram

3 An approach of Analysis and Risk Assessment of the system

The Risk Assessment is a discipline that search the probability of catastrophic events
that have catastrophic consequences such as the lost of human lives or irreversible
economical and environmental damage [7]. For maintaining the components of a
system in a good state in order to prevent those conscquences, the Analysis of Risk
Assessment of a system is made by the Qualitative Analysis and the Quantitative
analysis [10]. The Qualitative risk assessment requires calculations of two
components of risk: R, the magnitude of the potential loss L, and the probability p,
that the loss will occur. The Quantitative risk assessment determines the probability
of the occurrence of a catastrophic cvent, and the weakness of a system [10, 11].

The availability is the probability of the good operation of a component. The
reliability is the capacity of success of a component during a period of time. The
reliability study is made to ensure the success of critical systems that works in cold or

warm redundancy [10, 11, and 20].
3.1 The mathematical models

There are some mathematical models used in the Analysis and Risk Assessment of
the systems. One of the most used is the Fault Trees, The Markov Analysis, and the
Petri Nets [10, 11, 12 and 20] which are used in the design of the whole system.
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T @y N

Fault trees Markov Analysis Petri nets

Fig. 5. Mathematical models

3.2 Analysis with a Fault Tree

This method construct a logic connected diagram by AND and OR gates It has the
objective to find the combinations of failures of the components and the minimal cut
sef that describe the combinations of component failures that cause the TOP
catastrophic event to occur. This method is deductive and it has the top event,
intermediate cvent and the base event which is the beginning of the failure of the

system [10, 11, 12 and 20]. For the Analysis and Risk Assessment of the Real Time
Volcanic System, the following Fault tree is proposed:

TOP catastrophic
volcanic event
GSM (GPRS) Real Time
Router Web Monitoring System

® ® X

M1 M2
[ | | |
Solar Elecinc Solar Electric
battery Microcontroller ot balory Microcontroller companent

© O ©® O ® ®

Fig. 6. Real Time Monitoring System Fault Tree
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In order to understand the fault tree, first the base failures like the failure of the
micro-controller or the battery or any clectric component of the design of the system
[1] are introduced. After those failures, one of the magnetometers would send
corrupted data if the micro-controller fails or simply the magnetometers (M1, M2)
stop working. The design of the system allows working in warm redundancy. If one
of the magnetometers fails, the system could still be working but with less data to
e specialists during the volcanic event. The system fails if the Real Time
se the two magnetometers don't have any scnse without an
interpretation of the data received by them. Nevertheless, if the Real Time System
fails, the data from thec magnctometers could be taken manually during normal
conditions where there is not an important volcanic event. This doesn't work if exist a
catastrophic volcanic event. The minimal cut set is bold in the Real Time Monitoring
System Fault Tree, and the mathematical Boolean expression of this tree in order to
express the TOP cvent is represented like follows [10, 11, 12, and 20]:

provide to th
System fails, becau

TOP=A*B*(C*D*E)+ (F*G™*H)

Each base event (A, B, C, D, E, F, G, and H) has a probability p (x) to be produced.

3.3 Markov Analysis

The Markov Analysis permits to visualize the states of the systems and the transitions
between them. This method visualizes diagrams of state and space of the systems
behavior. This method makes a detailed analysis of the systems that could have

another intermediary state different from failure or success. It also permits to study
the degraded systems and a probability is associated for each state changing [10, 11,
and 20].

The Markov modeling is not random because the states are dependent from the last
immediate state but independent from the others [10]. This can model systems
without memory and the probability of changing of state is constant. The
comportment of the system depends on the present state that is continuous in the time
and discrete in space [10, 1 1, and 20]

The Real Time Volcanic Monitoring System has different components like the
magnetometers (A, B) which has the comportment of repairable systems, the Real
Time RTSJ (C) that has the comportment of degradable system and they are
represented by the Chains of Markov in Alta Rica Data Flow Programming [16, 17,
18, 19, 21 and 22]). Those models were created before in order to understand, simulate
and predict the comportment of the critical systems [17, 18, 19, 21 and 22], and
adapted for the Real Time Volcanic Monitoring System components. Those models
could be more complex, but the basic representation for the correct operation is

represented below.
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Component A: Component B:
Magnetometer 1 (M1) Magnetometer 2 (M2)
Failed
Repair Repair
Fig. 7. Repairable model A Fig. 8. Repairable model B
Component C;

Real Time System
Model

Extern perturbation

Failure

Maintenance

Fig. 9. Degraded System model C

Each component has a comportment Markov model, but the interaction of the system
is done by the composition [16, 17, 18, 19, 21 and 22] of the models of the basic
components. First twelve different combinations of the states of the components
could be found, but in order to find the correct model of the system, the semantic of
The Real Time Volcanic Monitoring System is respected. The concrete model of the
Real Time Volcanic Monitoring System is proposed below.
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C.Extemn perturbation

< C.Maintenance # A.repair >

C.failure

< C.Maintenance * B.repair >

C.repair

Worki
F",:g C.fallure

C.Extern perturbation

Fig. 10. The Real Time Volcanic Monitoring System Model

The correct operation of the Real Time Volcanic Monitoring System doesn't allow
that the three components fail at the same time, because if exist a volcanic event, the
system wouldn't be able to report a volcanic abnormal event nor predict it [2]. So
there are some states that don't have any scnse to stay. Also the system should be in
warm redundancy [15] because there are two Magnetometers working at the same
time and providing important data while they are transmitting the magnetism [1]. In
the beginning, the whole system is working; if exist a failure from the magnetometer
one or two the state will be changed, but the system will continue working. After this
state, the computer system could be damaged or have any external perturbation so
there is a new changing of state. At this time, the system is still working but it has to
return to the initial state to continue working without any problem, so there are
transitions that are mixed up with the synchronization [16, 17, 18, 19, 21 and 22] in
order to return as soon as possible to the initial state. The computer system could be
damaged and eventually fail while the two magnetometers are working this has a new
state and this is also modeled. Finally, the prevention is the main idea of the model of
the system, knowing that the TOP event consequence (human, economical) is the
lack of prevention and incertitude of a major volcanic event.
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4 The software design of the system

The software design [1] is represented by the LACATRE [5, 9] real time systems

methodology (Fig. 11). The main program is divided in several modules. The main ()
function will work with the following threads:

P2: Magnetometer 1, with priority 1.
P3: Magnetometer 2, with priority 2.
P4: Monitoring, with priority 3.

P5: Alarm, with priority 4.

P6: Prediction, with priority 5.

P2, P3: MAGNETOMETERS 1, 2

P4: MONITORING n

~ MsgA
~ Graphics ()
< H Critical_moniloring ()
|

\ Normal_monitoring () 3
M /] I—

{ D.B.

- n
x MsgB
|

N <

\

N

/|

P5: ALAR

P6: PREDICT

Fig. 11. LACATRE Diagram
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The threads arc synchronized by semaphores to ensure that all the processes have the
correct data. The signal from the magnetometers are obtained with a communication
data protocol and transmitted by the data resource (R.S.) to the threads P1 and P2 that
shows the magnetic activity with the function Showing( ) that has all the procedures to
show the numerical data in the screen. Then all the data are saved in a Data Base and
the messages from each magnetometer are sent independently to one FIFO data
structure. and the thread P4 receive them to process the information received by the
functions Graphics(), Ci ritical_Monitoring() and Normal_Monitoring ().

If an abnormal activity exists, the function Critical_Monitoring () send a message to
another FIFO to register the abnormality and those messages are transmitted to the
thread P5 which write the abnormal data in the data base and activate an alarm. At the
same time the function Showing () is showing all the abnormal activity in the screen.
The system has another thread P6 which has the function Prediction ( ), and this
function makes a prediction of the magnetic activity using neural networks algorithms

[2].

5 Conclusions and Ongoing Research

The main contribution of this work is to have an approach of the risk assessment of
the Real Time Volcanic Monitoring System. The catastrophic event is not dependent
from human activity like other types of critical systems but always exist a probability
of occurrence. Nevertheless if we use the same methodology and the catastrophic
event is produced, we will be able to reduce the consequences and the people will be
more prepared to face and solve the problems derived from this event like human
lives and economical damage. The human factor is always important because
sometimes the natural catastrophic cvents take some time to be produced but it is very
important to be prepared.

At this time for the project, many subjects are being studied; one of them the
possibility to implement all the system but it is necessary to work as a team with
many specialists in electronics, computing science, geologists and volcanologist, all
of them from Puebla working as a team at the University of Puebla BUAP, and
CUPREDER [1, 2]. This project will help to prevent the natural disasters very
frequent in Mexico. We are not able to avoid them, but reduce the negative

consequences if happened.
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Abstract. Due to #2SAT is a #P-complete problem, different efficient

alternatives have been proposed for approximate solutions to #2SAT. We
exploit the existent relation between counting models for two conjunctive

forms (2-CF’s) and Fibonacci numbers that allow us to count the number
of models of the Boolean formula in an incremental way.

We design a polynomial time algorithm for given a 2-CF X, to build its
constrained graph Gx and a spanning tree Ay such that #SAT(Ax)
has a minimal number of models into the set of all spanning tree of Gx.

Keywords: Counting the Number of Models. Enumerative Combina-
torics, Minimal Spanning Tree.

1. Introduction

Counting combinational objects over graphs has been an interesting and im-
portant area of research in Mathematics, Physics, and Computer Sciences. The
counting problems, being mathematically interesting by themselves, are closely
related to important practical problems. For instance. reliability issues are of-
ten equivalent to counting problems. Computing the probability that a graph
remains connected given the probabilities of failure over each edge is essentially
equivalent to counting the number of ways in which those edges could fail with-
out losing connectivity (2], [8].

Due to #2SAT is a #P-complete problem [5], [3] different efficient methods
have been developed for counting, although approximately, the number of models
for Boolean formulas in two Conjunctive Forms (2-CF) and since #2SAT is a
key problem to clarify the frontier between efficient counting and intractable
counting procedures [4].

Let 2" be a 2-CF and Gz its connected constrained graph. The combinatory
problem that we address here is to approximate the number of models for X
through to build in polynomial time, a spanning tree As from G and at the
same time to compute the value #SAT(Ax) holding:

L. #SAT(Ag) > #SAT(X)
2. #S5AT(Ax) is minimal into the set of all spanning tree of Gz

OM. Martinez, A. Alarcon (Eds.) Received 30/04/10
Advances in Computer Science and Engineering. Final version 19/05/10
Research Computing Science 45, 2010, pp. 15-25 Accepred 14/05/10
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There are some observations about the values: #SAT(X) and #SAT(Ayx).
To identify if #SAT(X) is zero or greater or equal to one can be done in polyno-
mial time since the 2SAT problem is solved in polynomial time. If #SAT(X) > 1
then as far as we know, there is not polynomial time algorithm for computing
#SAT(X). All spanning tree of Gz represent formulas where their number of
models is greater than L. The unique way that a 2-CF X' represents an unsatis-

fiable formula is that Gx contains cycles.
The techniques for building minimal spanning trees have been developed

assuming static weights on the edges of the graph [7]. But when we are consid-
ering the #2SAT problem, instead of static weights we have dynamic weights
determined by the signs of each edge, as well as the number of partial models

associated with the endpoints of the edge.
We address the construction of a minimal spanning tree of a constrained

signed graph based on the partial values computed in each node of the con-
strained graph and in the signs of its edges, determining so a new way to build
spanning trees with dynamic weights in the edges of the graph.

2. Preliminaries

Let X = {r1......rn} be aset of n boolean variables. A literal is either a variable
r; or a negated variable 77. As usual, for each x; € X, 29 = 77 and 2} = ;.

A clause is a disjunction of different literals (sometimes, we also consider a
clause as a set of literals). For k € IV, a k-clause is a clause consisting of exactly
I literals and. a (< k)-clause is a clause with at most & literals. A variable x € X
appears in a clause c if either @ or & is an element of c.

A conjunctive form (CF) F is a conjunction of clauses (we also consider a CF
as a set of clauses). We say that F is a monotone CF if all of its variables appear
in unnegated form. A k-CF is a CF containing only A-clauses and, (< &)-CF
denotes a CF containing clauses with at most & literals. A ku-CF is a formula
in which no variable occurs more than A times. A (k, ji)-CF ((< k, ju)-CF) is
a k-CF ((<£ k)-CF) such that each variable appears no more than j times.

We use v(X) to express the variables involved in the object X, where X
could be a literal, a clause or a CF. For instance, for the clause ¢ = {T1, 2},
v(c) = {1,220}, Lit(F) is the set of literals appearing in F, i.e. if X = v(F),
then Lit(F) = X UX = {&1.71,....¥n, Tn}. We denote {1,2,....n} by [n].

An assignment s for F is a boolean function s : v(F) — {0, 1}. An assignment
can also be considered as a set of non complementary pairs of literals. If [ € s,
being s an assignment, then s turns | true and [ false. Considering a clause ¢
and assignment s as a set of literals, ¢ is satisfied by s if and only if eNs # 0,
and if for all [ € ¢, | € s then s falsifies c.

If F; C Fis a formula consisting of some clauses from F, and v(Fy) C v(F),
an assignment over v(F) is a partial assignment over v(F). Assuming n =|
¢(F) | and ny =| v(Fy) |, any assignment over v(F}) has 2"~"! extensions as
assignments over v(F).
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Let F' be a CF, F is satisfied by an assignment s if each clause in F is satisfied
by s. Fis contradicted by s if any clause in F is contradicted by s. A model
of F' is an assignment for v(F) that satisfies F. The SAT problem consists of
determining if F has a model and SAT(F) denotes the set of models of F. The
#SAT problem (or #SAT(F))consists of counting the number of models of F
defined over ¢(F). #2-SAT denotes #SAT for formulas in 2-CF. We also denote
#SAT(F) by p,ry(F) or just p(F) when v(F) is clear from the context.

Let X' be a 2-CF, the constrained graph of X is the undirected graph Gs =
(V(2). E(X)), with V(Z) = (L) and E(X) = {{v(x).v(y)} : {x.y} € T}, ie.
the vertices of G x are the variables of X, and for each clause {.r, y} in X there
is an edge {v(x),v(y)} € E(X).

Each edge has associated an ordered pair (sy, s5) of signs, assigned as labels.
For example. the signs s; and s2 for the clause {Z V y} are related to the signs
of the literals & and y respectively, then s, = — and s = + and the edge is
denoted as: x=%y which is equivalent to y+—=r.

A graph with labeled edges on a set S is a pair (G, ¥), where G = (V.E) is
a graph, and ¢ is a function with domain E and range S. w(e) is the label of
the edge e € E. Let § = {+,—} be a set of signs. Let G = (V, E. ) be a signed
graph with labelled edges on S x S. Let . and y be nodes in V. If e = {x.y}is
an edge and y(e) = (s.s'), then s (s') is called the adjacent sign of x (y).

Let Gg = (V, E) be a constrained graph of a 2-CF X. Sometimes, V(G) and

E(G) are used to emphasize the graph G. We denote the cardinality of a set A
by |Al.

The neighborhood of a vertex v € V is the set N(v) = {w € V : {v,w} €
E(G)}, and the closure neighborhood of v is N[v] = N(v) U {v}. The degree
of a node v, denoted as J(v), is the number of neighbors that it has, that is
d(v) = |N(v)|. A vertex v is pendant if its neighborhood contains only one
vertex: an edge e is pendant if one of its endpoints is a pendant vertex. The
degree of the graph G is A(G) = max{d(x) : x € V}.

Given a graph G = (V. E), S = (V'. E’) is a subgraph of G if V/ C V and
E’ contains edges {v,w} € E such that v € V/ and w € V’. If E' contains every
edge {v,w} € E where v € V' and w € V'’ then § is called the subgraph of
G induced by S and is denoted by G||S. We write G — S to denote the graph
G|[(V = V’). In the same way, G —v for v € V(G) denotes the induced subgraph

G|[(V —{v}), and G —e for e € E(G) is the subgraph of G formed by V(G) and
E(G) — {e}.

A connected component of G is a maximal induced subgraph of G, that is, a
connected component is not a proper subgraph of any other connected subgraph
of G. Notice that, in a connected component, for every pair of its vertices w.v,
there is a path from u to v. A tree graph is an acyclic connected graph.

We say that a 2-CF X' is a path, a cycle, or a tree if its corresponding con-
strained graph G is a path, a cycle, or a tree, respectively./7
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3. The Minimal Spanning Tree of a 2-CF

Given a 2-CF X. we say that the set of connected components of X' are the
subformulas corresponding to the connected components of G'x.
Let X be a 2-CF. If 7 = {G},....G,} is a partition of X' (over the set

of clauses appearing in X), i.e. U;;=lG',, = X and Vp1,p2 € [r],[p1 # p2 =
Gy, NGy, = @], we say that F is a partition in connected components of X if

Y = {v(G1).-..,v(Gr)} is a partition of v(X).
If {G1,....Gr} is a partition in connected components of X', then:

1e£)(E) = [1o@n(G1)] * ... * [,y (G))] (1)

The different connected components of Gg constitute the partition of X
in its connected components, even if Gg is disconnected. In order to compute
#SAT(X), first we should determine the set of connected components of Gx
and that can be done in linear time [6]. Then, #SAT(X) is reduced to compute
#SAT(G) for each connected component G of Gx. From now on, when we
mention a 2-CF X, we assume that X' is a connected component graph.

In our case. a minimal spanning tree of a connected component G's which
corresponds with a 2-CF X' is a tree, denoted by Tz, containing all vertices of

Gy and such that

1. #SAT(Ax) > #SAT(X)
2. #SAT(As) is minimal into the set of all spanning trees of G x

A spanning tree collection for Gx is a set of trees, one for each connected
component of G, so that each tree is a spanning tree for its connected component.
A minimal spanning tree collection is a spanning tree collection where each tree
has a minimal number of models with respect to any other spanning tree of the
connected component.

There are different algorithms for finding a minimal spanning tree in an
undirected graph although, as far as we know, all of them work assuming a
static weight in each edge. In our case, the edges in Gx have not associated a
static weight insteadthey have associated a pair of signs.

If we have a subtree Ay which will be extended by one of a possible set of
edges E = {e1,€a.....ex}, each edge with one of its end-points in a node of As
and the other end-point in a node not included in Ag. The signs of the edge;
determine how will be the increase of #SAT(Ax) to #SAT(Ax U {e}) for just
one edge e € E. Then, we have dynamic weights associated to each edge e € E
according to the current configuration of a spanning subtree of Gx.

We propose a novel algorithm for building a minimal spanning tree assuming
such class of dynamic weigths on the edges of the input graph. But before t.;
introduce our proposal, we present some procedures for computing the number
of models of a formula for basic topology graphs [1].
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4. Linear procedures for #2SAT

For each variable « € v(X), £ a 2-CF, a pair («../3;) called the initial charge,
is used for indicating the number of logical values: "true’ and ‘false’ respectively,
that . takes when #SAT(X) is being computed.

Procedure A: If ¥ is a path:
Let X' be a path (or a linear chain). X can be written (ordering clauses and vari-

ables, if it were necessary) as: &' = {c1, e} = (w5 yP oo {05 Ly} ),

where d;,¢; € {0,1}, i € [in] and |v(c;) N v(cjpy)| =1, j € [in— 1]. As X' has
m clauses then |v(X)| =n=m + 1.

Let f; be a family of clauses from X built as follows: fo = @: f; = {e;}i<i
i € [m]. Notice that f; C fiy1, i € [m— 1]. Let SAT(f;) = {s : s satisfies f;},
A; = {s € SAT(f) : y; € s}, B; = {s € SAT(f;) : 3; € 5}. Let a; = |Ail; 3 =
|B,| and i = lSAT(f,)I = ov; + 3;.

The first pair (e, o) is (1,1) since for any logical value to Yo, fo is satisfied.
We compute (a;. ;) associated with each variable y;, i = 1,..,mn, according

to the signs: €;,d; of the literals in the clause c;, by the following recurrence
equations:

E.-”i—L-.ui—l) if (e;.0;) = (0,0)

oy ) (icBiy) if (e,6;) = (0,1)

(@B =\ (i gtr—r) i (e1.81) = (1.0) @
(Ih’—l-.(\'i—l) if (G,', ,') = (1. 1)

As ¥ = fi, then #SAT(Z) = ji,, = ayy + 3. We denote with / —’ the
application of one of the four rules in the recurrence (2).

0
)

Example 1 Let £ = {(v1,x2), (22, TF3), (F3).xy), (4,65)} be a path, the series
(avi.3i).i € [5], is computed according to the signs of each clause, as it is illus-
trated if the figure (1a). A similar path with 5 nodes but with different signs in
the edges is shoun in figure (1b).

Notice that, according to figure 1, same signs to the adjacent edges of a same
node give a greater value for the number of models than different signs to the
adjacent edges at the same node. This principle is the base for building minimal
spanning trees, since we are looking for edges which provoke a change of signs
when they cross by a node of the graph.

When we count models over a constrained graph, we use computing threads.
A computing thread is a sequence of pairs (a;,3;).i = 1,...,m used for com-
puting the number of models over a path of mn nodes.

Procedure B: If ¥ is a tree:
Let X' be a 2-CF where its associated constrained graph Gy is a tree. We de-
note with (ay,/3,) the pair associated with the node v (v € Gx). We compute
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a)

+ + + = - + + +

(1,1) =» (21) —» (23) =—» (53) —» (85 =13 models

b)
+ + = = + + - 3
(1,1) =—» (1) —=» (1.3) =>» (4,1) = (5,1) =6 models

Fig.1. a) Counting models over paths for monotone formula b)Counting
models over paths for non monotone formula

#SAT(X) while we are traversing by Gx in post-order (7).

Algorithm Count_Models_for_trees(Gx)

Input: Gg - a tree graph.
Output: The number of models of X

Procedure:
Traversing Gx in post-order, and when a node v € Gy is left, assign:

1. (ap,3) = (1.1) if v is a leaf node in Gs.

9. If v is a parent node with a list of child nodes associated, i.e., h‘,]_,'u.g,..... g
are the child nodes of v, as we have already visited all child nodes, then each
pair (o, J.,,ﬂ.,)) Jj = L,..,k has been determined based on recurrence (2).
Then, let a, = l'[.‘};1 a,; and 3, = I—[i‘f=1 B, . Notice that this step includes
the case when v has just one child node.

3. If v is the root node of G5 then return(ea, + /3,).

This procedure returns the number of models for X' in time O(n + ) which
is the necessary time for traversing Gz in post-order.

Example 2 If X = {(x1.22). (€2, 3), (2, 24), (v2,25), (x4, 26), (26, x7), (6, x8)}
is @ monotone 2-CF. we consider the post-order search starting in the node x;.
The number of models at each level of the tree is shown in Figure 2. The pro-
cedure Count_Models_for_trees returns for ., = 11, 3., = 36 and the total
number of models is: #SAT(X) =41+ 36 = T7.
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Fig. 2. Counting models over a tree

5. Computation of the Charges of a 2-CF

Once that we know the value #SAT(X), the initial charges for all variables of
2 have already been computed.

The final charge (a..b,) of any variable » € v(X) is the number of true
and false logical values respectively, that & takes into the set of models of X,
i.e. #SAT(X) = a, + b,. Notice that the initial charge (a,,,) for the last
evaluated variable ., into the above procedures is also its final charge since
#SAT(E) =y + [In.

An important result is that we can apply the inverse action realized in each
step of the above procedures in order to propagate the final charge to all variables
in X, in the following way.

Let Ay,.... A, be the sequence of initial charges obtained by the above pro-
cedure. Now, we build a new sequence of pairs which represent the final charges

(or just the charges) B,,..., By, being B; the charge of the variable ; € (X)),
and which is computed as:

Bn = An (J)
B, —i = balance(A,_;,Bp_iy1), i=1,....n— 1

balance(A, B) is a binary operator between two pairs, e.g. if x "5 y is an edge
of the DAG Dy and assuming A = (o, 3;) be the initial charge of the variable
x, B = (ay,b,) be the final charge of the variable y, then balance produces a
new pair (a,,b;) which will be the final charge for x, i.e. #SAT(X) = a, + b,-

Let pr = ap + 3, and py = a, +b,. Let P, = -‘—:-f and Py = ‘f—: be the
proportion of the number of 1's and 0's in the initial charge of the variable :.
The charge (a,.b,) is computed, as:

@y =ay - Py +by,; by = p, — a, if(sy,52) = (+.+)
by=b, - Py+ay:a, = iy = by if(s1.92) = (—, =) (4)
b.l-' = b" = PO + ay; a_r = ’ty - b.l' if(si. 52) = (+, _')
Ar = @y Pl +b_u; b_r =Ry —Qy if(sh 8-_)_) = (—-+)
Note that the essence of the rules in balance consists in applying the inverse

operation utilized via recurrence (2) during the computation of #SAT(X), and
following the inverse order used in the construction of the sequence A;. ..., Ap.
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Furthermore. in the case of the bifurcation from a father node to a list of
child nodes. the application of the recurrence (1) remains valid since each branch
has its respective pair of signs.

A special case to counsider is when there are two connected components Cy, C.
where the charges of their variables have been computed, and a new edge ; =.a
{a.y} with signs (s1.52) will be utilized for joining both components in jl:;t one
connected component C. Assuming a charge of (ay.,,3;) for & and (“'n-,-‘:;u) for

5 . ops 1 H r !
we must update such charges. indicated by (o, ,3;) for .« and (o). /3)) for y

Y-
ording with the signs in e. in the lollowing way.

acc

o) = a, x (ay +3y) Jp = I x
s |- .
n;, = ary * (r + AL ,f,, = 3y *a, if(s1,52) = (+.+)
,’fr — ".I’ * ((‘” + ,lj” . ﬂ’_,. = (l_r * ,’3"
§ a [ SR .
,’:’ — _.’” * ((\_r + fir . n” f— f}'” * ,3_,- lf(ﬁl,.?'z) = (—‘ —)
o =ap* (e, +i3,): 3. = 3, %
, r u T Iy) Iy = e ¥ Oy,

(5)

d:,’ — ’" * (n_r + ,tj.r): (\‘L = (\" * pj_,- ir(sl..ii?) = (.*.._.)
3= 3 x (o +3y): 0 = % 3,
al = oy * (0 + 30): 3 = 3y % if(s1.82) = (—.+)

Notice that if some of the initial charges are (1.1) the above recurrence i
equivalent. with its corresponding case (by the signs) in equation (1)
After computing the new charges for .r and y, the charges for all the remainin
variables in C have to be updated. for propagating the new values (a’,, 3") tg
Saorinn e ey 1°1 ¢ . 7 ’ . o . Tryh r 0
the original variables of C and (av},.,3)) to the original variables of C, ool

to the operator balance.
Notice that the computation of the charges of a 2-CF X has the same
he com-

plexity order that the one used for computing #SAT(X). Thus, if the constrained
araph of X does not contain cycles, then we compute all the charges of éh'e :::f(
Ste ; ari-

ables of X in polynomial time [1].

6. Building the Spanning tree of the Constrained Graph

Let Gx = (V Es {+, —}) be a signed connected erapl .
= graph of an input forn i
2-CF. I wla X in
Let ¢, be a node of Gx chosen to start a depth-first search. Each back ed

: : . Each b: i
¢; € E found during the depth-first search marks the beginning and fl;e . lo‘i_
a fundamental cycle of Gx- S he end o

If the input formula X' is in fact a tree then the output of the algorithm is
the same tree and we just apply the procedure (c) for computing the ?mmi " “E
models: #SAT(X). 5 er o
In the case when there are cycles in Gx then we apply the following proced
in order to determine a minimal spanning tree Ag of G ) dure
Our proposal works like the well known Kruskal’ "
AT ; . -
ning tree As = (V(Gg). P-Ed . wkal's algorithm. An initial span-
E e A5 = £). P-Edges) is [ormed by all vertices of Gs since all
vertices are connected components by themselves, and all pendant edge of G -:re
(=] <
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b)

Fig.3. a) Original Graph b)Selecting of an edge candidate ¢) Building the
first connected component with its respective setback d)Adding a node to
the component

edges of the spanning tree (if there are not pendant edges then an emptyset is
initially assigned to Ayx).

In each step of the algorithm Spanning_Tree, the procedure Count_Aodels
reviews the increment on the number of models when an edge e € (E(Gg) —
E(Ayx)) is considered for being added to the spanning tree.

In order to extend the connected components in Ayg, the edges in (E(Gx) —
E(Ag)) which conform cycles with Ax are deleted from (E(Gg). And the re-
maining edges are ordered according to the increment on the number of models
in #SAT(Ag). If e € (E(Gyx) infers a minimal increment on #SAT(Ax) with
respect to the any other edge. e is selected to be added to Asx. Notice that the
increment on the number of models depends mainly of the signs associated to e
as well as the charge of the two-endpoints of e.

There are a set of strategies for detecting the edges in (E(Gx) — E(Ax))
which infer a minimal increment on the number of models in the spanning tree
Agx and in fact, when the remaining edges in G have similar values of increment
on the number of models such strategies are also applied. Such strategies are:
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Algorithm 1 Procedure Spanning Tree(Gx)
Input: Gx = (V(G). E(G)) {a constrained signed graph}
Initiate:
Let P_Edges = {¢ € E(Gx) :eisa pendant edge }:
Al_Edges := E(G) — P-Edges: {Set of initial edges to test}
As 1= (V(G). P_Edges): all node and pe
e { pendant edge are connected components of
Cs := 0: {Set of potential edges which make a chan 31
ge of sign on s rertic
Iter := 1: {The first iteration} . some Vertices)

while (All_Edges <> ?) do
C ounl....\Iml('ls(.-Ul_l;‘d_qcs. Vect_Models): {count the new number of models ge
PE -

crated by each potential edge}
if (Veet M odelshasdif ferent_ralues) then
Sel_Edge = min{Vect_AModels}: {select the edge which increases a minimu
. n

the number of models}

else
Cs = Find(Test. Ax): {looking for edges which could generate a change of si
gn

in any node of Ax}
Test = complete(Cs): {choose edges where its two end-points generate a ch
- ange

of sign on the nodes}
Sel_Edge = First(Test): {Select the edge with keeps a potential change of si
sign

of a node}

end if
All_Edges := All_.Edges — {Sel_Edge}:

E(Ax) == E(Axg)U {Sel_Edye}:
All_Edges := All_Edges — Edges_Cycles(Axg, All_Edges): {delete all edge which
c

conform a cycle with the tree Ax}
end while

1. If e connects two different connected components of Az where its s
v; and v; have a change of sign over its incident edge;then . is--a:andbt(?mt,:;'
: 1 optima

selection.

9. In general. if two edges 1 and e generate the same increment on the
of models of Ax ey is prefered over es if ) could bring about 1 l““"‘hel'
signs, in the following steps, on its incident node ° a change of

3. When two connected components are joining for forming just one, it i ¢
g m h = o 1Y 1S . .
able to obtain a path over a tree, as a resulting new connected r:'ompble er

onent.

Thus. we build in polynomial time a spanning tree Ax. from Gx such that

— #SAT(Ax) 2 #SAT(X)
— #SAT(Ayx) is minimal into the set of all spanning tree of G s

Th.e .applicut.ion of Algorithm 1 to a graph is shown in Figure 3. : :
the minimal spanning tree is shown in Figure 4 " vand fnally
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Fig.4. A Minimal Spanning Tree resulting from the application of the al-
gorithm 1, its number of models is (6,1)=7

7. Conclusions

Although the #2SAT Problem is a #P-complete problem, given a 2-CF X
there are different methods for computing in an approximate way the value
#2SAT(X). One of those methods, is based on computing the minimal span-
ning tree Ag.

Although the edges of the constrained graph have not weights, there are a
pair of signs associated with each edge. And in this case, the signed edges allow
us to determine dynamic weights which are the base for computing a minimal
spanning tree of the constrained graph of a Boolean two conjunctive form.
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Abstract. This document explains the design and imp lementation of a hybrid
cvolutionary algorithm for the edge crossing minimization problem in graph
drawing. This algorithm, called HUx, combines a global search algorithm
(EDA — Estimation of Distribution Algorithm) with a local scarch Algorithm
(HC — Hill Climbing) in order to establish a balance between the exploration
and exploitation efforts. The HUx has shown to be more efficient and robust in
search of the optimum solution in comparison to other meta-heuristics. such as
HC. Univariate Marginal Distribution Algorithm and the Genetic Algorithm,
which was also implemented in this comparison. Experiments were performed
using planar and non-planar graphs. The quality and frequency of the optimum
solutions registered by the hybrid HUx algorithm were higher than those
registered by other algorithms.

Keywords: Graph Drawing, Crossing Minimization, Hill C limbing. Estimation
of Distribution Algorithms, Genetic Algorithms.

1 Introduction

The problem in finding the minimum number of crossing edges in a graph entails
finding, within all possible forms of drawing a graph. the one that includes the
minimum number of crossings on its cdges. The problem is difficult because as Garey
and Johnson [7] showed is NP-hard. One of the main problems involved in the clear
visualization of a graph is the problem of the cross minimization of the graph’s edges
[12]. This is a typical and very important problem that arises in graph drawing.
Readability is reduced in graphs with a large number of crossings, especially in the
case of dense graphs. The graph visualization problem is currently open to research: it
can be applied to diffcrent areas, as in biology and chemistry, object oriented systems,
data structures, real time systems, flowcharts, entity relation charts. semantic nets,
project management, representation of knowledge charts, logical programming,

design of VLSI circuits, virtual reality, cartography, and social networks, among
others [8].
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There are different Evolutionary Algorithms ((EAs) which deal with the edge
crossing minimization problem in graph drawing: however, most of these are based ‘
on genetic algorithms. The Estimation of Distribution Algorithms (EDAs) [10] has
been poorly used in Graph Drawing (GD), for cxample, the only EDA algorithm
known by the authors is UMDA in [14].

In this paper a hybrid algorithm composed with a global scarch algorithm
(UMDA— Univariate Marginal Estimation Algorithm) and a local scarch algorithm
(HC— Hill Climbing) is introduced. The HUx (Hill Climbing and UMDA x-crossing)
has proven more efficient with regard to optimum solution scarch (in this case, the
drawing which includes the least number ol crossings on the graph’s cdges) than
metaheuristics HC. UMDA and the Simple Genetic Algorithm (SGA) which was also
implemented in this comparison. Measurement of results was carried out using
different planar (with no crossings among its edges) and non-planar graphs (with at
least one crossing among its edges), which were the measurement subjects to which
the various alrcady mentioned metaheuristics were applied. The quality and frequency
of optimum solutions registered by the hybrid HUXx algorithm were higher than those
registered by the algorithms against which this measurement was carried out and that
forms part of the state of the art within graph drawing. It must be mentioned that in
cach case studied. the hybrid HUX metaheuristic always finds the optimum for
benchmarks and. additionally, the occurrence frequency of the optimum was 15%
greater than the second best algorithm of all those studied. A proper graphical
interface called Minx (Minimization x-crossing) was developed for graph
visualization. This interface shows the automatic drawing of cach graph obtained by

the metaheuristics implemented in this paper.

2 Contents

The contents in this document are intended to: -
(1) Define the optimization problem of the edge crossing minimization problem in

graph drawing (section 3)
(2) Define hybrid base algorithms: UMDA algorithm and HC algorithms and their

pseudo-code (section 4)

(3) Define the implemented hybrid HUX algorithm (section 5)

(4) Define how experiment designs were implemented (section 6)

(5) Compare results among the various implemented algorithms, and to compare
results with the hybrid HUx algorithm results (section 7)

(6) Discuss and draw conclusions with regard to main research's contributions

(section 8)

3 Optimization problem, solution representation and evaluation
function

The graph edges crossing number optimization problem can be described as follows

5k
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Let G = (V, E) be a graph, let ¥ be a set of vertices and £ a set of edges. MG is the
adjacency matrix and P the Cartesian plane. The problem involves finding a pair (x, y)
€ P for cach v € ¥ such that the number of crossings between the edges of the graph
is minimum. Each pair (x, y) represents a position of the vertex v in Cartesian Plane P.
For any two vertices v=(x.y) v'= (¥, »"). x? X and y ? »". In this paper, the graph's
edges are considered straight lines.

Let N be the number of vertices of the graph. The solution representation S (i.e., a
graph draw, or graph layout) is as follows:

S=( Xis Yis X2, Y240 004 Xy Yiveoos XNy yN)

Each pair x;.y; represents the position of the i-th vertex in Cartesian Plane P.

A graph draw S is cvaluated by number of crossings of graph edges in this graph
draw S. The number of crossings was obtained by solving an equation system for all

pair of cdges of the graph. The following cases are analyzed: crossing edges,
overlapping edges, and overlapping vertices.

4 Base Algorithms for Hybridization

This scction gives an explanation of the algorithms used for carrying out the
hybridization of the proposed algorithm.

4.1 Univariate Marginal Estimation Algorithm (UMDA)

Introduced by Miihlenbein, [11] this is a particular case of EDAs which is considered
as having no dcpendencies; its distribution of n-dimensional joint probability
factorizes as a product of n univariate and independent probability distributions.
Example:

p () =TI, p(x) . ()

The joint probability distribution of cach generation was estimated from

individuals p[x) selected. The joint probability distribution factorizes as the product
of independent univariate distributions.
Example

p0)=p(x| D5 =11p,(x) @

Every univariate probability distribution is estimated by marginal frequencies:
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N — S

Xx)=
P, (x) v
where: 3)
I if on the j-th casc of
; D¥.X,=x
d,(X,=x|D5)= T2 5
'( 'ID’ ') 0 inanother case

Pseudocode UMDA

D,Generate M individuals at random (initial population)
Repeat for 1 =1, 2, . . . until stop criterion is
verified.

l)f}e— Select N £ M individuals from D,_jaccording to

selection method.

) L SN dx,=xl03)) Obtain
pr=plxi 05 =M pxp = . 5 = estimate of
combined

probability distribution D, Sample M individuals (new

population) from p,(x) .

4.2 Hill Climbing Algorithm

The hill climbing algorithm (HC) [15] is an optimization technique which belongs to
the local search family. This algorithm uses a series of iterations where it is constantly
shifting towards the dircction with a better value. When the algorithm reaches a point
where its result cannot be further improved, it needs to start all over at another point
where it can direct its search. This is achieved by a random restart of the algorithm.
This technique performs a series of climbing the top searches from randomly
generated initial states. The best result obtained thus far is saved as the algorithm’s
iterations progress and it stops when no significant progress has been accomplished.
The algorithm'’s stop condition may be set by a fixed number of iterations or when the
best result has not improved over the course of a number of iterations.

Pseudocode HC
function HILL CLIMBING (problem) returns a solution
state

inputs: problem, a problem

static: current, a node

next, a node
current ? MAKE-NODE (INITIAL-STATE(problem])
loop do
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next ? a highest-valued successor of current

if VALUE [next] < VALUE[current] then return
current ? neighbor
end

5 Proposed hybrid HUx Algorithm

The hybrid HUx algorithm [6] [4] is based mainly on the UMDA algorithm: hence, it
was necessary to modify this algorithm. Hybridization of the algorithm is achieved by
applying 10 cycles of the HC algorithm with random restart to the best individual in
the population. The HC algorithm was implemented by means of elitism because the
algorithm was held back at a local optimum.

Hybridization performed in the UMDA algorithm took place as follows:

Elitism was applied only if the best individual in the population had a better degree
of adaptability to the problem (fewer crossings) as compared to the worst
individual in the population. In this case, the best individual in the population is
saved in the worst individual, thus rearranging the whole population.

Hybridization was performed by applying 10 cycles of the HC with random restart
to the best individual in the population. The result of this hybridization has the
potential of improving the individual's degree of adaptability (which is what
happens in most cases) or, it is possible for the degree of adaptability to worsen.
Were this to be the case, convergence of the algorithm is achieved regardless

because at the time of implementing elitism in the population, the best solution
found thus far is never lost.

5.1 Pseudocode HUx

// for hybridization and elitism
public class UMDA (boolean HUx;
public UMDA (boolean HUX) {/* constructor for
hybridization */
this.HUx = HUx;
)
PopG oldpop, newpop;
IndividualG best;
//generate initial population
For (i = 0; i < size_pob; i++)
oldpop[i] = Individual;
//random generation of vertices
For (j = 0; j < total vertex; j++)
oldpop[i].vertex[j] = generateVertex;
newpop = oldpop; //algorithm cycle
//algorithm cycle for new population
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For (i = 0; i < max_generation; i++)
(
evaluateFobject; /* evaluates population
quality */
sortPop; /* descending sort by total
cross */

//initiates implementation of hybridization
if this.HUx then

{
elitism;//elitism applied the population

applyHC; /* 10 cycles of the HC applied to

pest individuals*/
// end of implementation hybridization

best = saveBest; /save the best individual

calculaVectoProb; /* estimated
probability vector */

oldpop = newpop; /* copy new population

in older population */

6 Experiment Design

In order to compare the four algorithm implemented in this paper, seven graphs were
used to perform experiments. The seven graphs were selected from the papers
[(14].[1]. [3]. [9]). [13] to use them as benchmarks. Table 1 shows the general aspects
of all graphs researched. This table shows the total number of vertices and cdges in
cach graph as well as a density column, which is the ratio between existing edges in
the graph and the maximum possible number of edges. which would be the complete

graph Kp, having the same number of vertices p [14].

Table 1. General properties of graphs taken from literature.

Graph Vertices (p) Edges (q) Density
Simple 8 12 0.429
Herschel 11 18 0.327
Hobbs 20 36 0.189
Tree 34 33 0.059
Star 17 40 0.294
Grid4x4 16 24 0.200
Composite 40 69 0.088

The Simple graph was taken from [13] and it is the simplest of all graphs, having 8
vertices and 12 edges. The Herschel graph, taken from [1] has 11 vertices and 18
edges. The tree graph, taken from same paper, has 34 vertices and 33 edges and Star
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graph, also taken from the same paper has 17 vertices and 40 cdges. The Hobbs graph
was taken (rom the [9] and it has 20 vertices and 36 edges. The characteristic of this
graph is that it is non-planar. The Grid graph was taken from [3]). This graph has 16
vertices and 24 edges and it corresponds to a 4 x 4 grid. The composite graph is the
largest of all graphs, having a total of 40 vertices and 69 cdges. This is a proper graph,
which was created to test the hybrid HUx algorithm’s stability before graphs with a
greater number vertices and edges as described above. The composite graph [4] was
built using vertices and edges from the Hobbs graph [9] as well as the Ebner graph
[2]. The Ebner graph has a total of 20 vertices and 33 edges. This graph was taken
from the literature and it was used only for building the composite graph.

All algorithms implemented in this paper were executed using the same number of
iterations for all graphs taken from the literature, 3.600 cvaluations in the case of the
simple graph and 20,000 cvaluations in all other instances. Additionally, 20
executions were performed independently for every individual algorithm. The average
number of crossings found by the metaheuristics which were implemented
demonstrates that the hybrid [1Ux algorithm outperformed all other algorithms.

The GA uses the following parameters; the reproduction cycle included 500
generations. a population composed by 40 individuals, a 90% crossover probability,
and a 10% mutation probability. The above parameters permit the accomplishment of
best results for this particular algorithm.

The algorithm HC with random restart also employs iterations (cycles) when
searching for the best solution; therefore, we worked with 20.000 iterations. In this
algorithm, one of the graph's vertices is selected at random and its coordinates are
replaced by new vertex coordinates which are randomly generated in the plane.

The UMDA used 200 generations along with a population size containing 100
individuals, and a 50% truncation rate of the population. These parameters were the
ones that yielded the best results for this particular algorithm.

The HUx algorithm uses a method of clitism in order to avoid losing the best
solution found. It also uses 10 cycles of the up hill climber with random restart. This
algorithm’s parameters are as follows: a total of 200 generations, a population size
containing 100 individuals, and a 50% truncation rate of the population. This is the
top combination of parameters that yield the best results for this particular algorithm.

In the case of Composite graph, 800 generations were used. along with a
population size containing 100 individuals, a 90% crossover probability and 10%
mutation probability for population-based algorithms (GA. UMDA and HUX). In the
case of the HC algorithm, 80,000 cvaluations were performed (800 generations x 100
individuals) for finding the best solution. These parameters are the ones that yielded
the best results for each algorithm.

In general, we used a total of 3.600, 20,000 and 80.000 evaluations (cycles) and a
total number of 20 independent cxecutions for cach algorithm. This measurement
intends to compare results obtained by our algorithms to those obtained from a group
of papers included in the literature, in which graphs are drawn by means of general
purpose methods, such as the Genetic Algorithm, the Hill Climbing algorithm and
Univariate Marginal Estimation Algorithm. For instance, the graph designated as
Simple [14] used 3,600 evaluations per execution. In order to compare it with the
algorithms used in this paper. it was necessary to carry out 60 generations on 60
individuals for the population-based algorithms (GA, UMDA and HUx). This section
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lists all algorithms employed for completing the hybridization of the .proposed
algorithm.

7 Results and Discussion

The results of this experiment appear on tables 2, 3, 4, 5, and the discussions as
follows.

7.1 Comparison of results among algorithms

Table 2 shows the overall average number of crossings found by cach algorithm, as
well as the overall average number of crossings found for cach graph taken from the
literature. This table shows how the hybrid HUx algorithm averages, for the most
part, slightly less than | crossing per graph for the 20 exccutions carried out for cach
one. followed by the HC with random restart. Likewise, it can be observed that the
hybrid HUx algorithm is the best of all algorithms with an overall average of 1.03
crossings per graph, while the worst one is the GA algorithm, whose overall average

is 5.87 crossings per graph.

Table 2. Average number of crossings for graphs obtained from the literature.

Average number of crossings found

HC
Graph GA UMDA HUx (random Total
rcboot)
Simple 0.00 0.00 0.00 0.00 0.00
Herschel 1.70 2.05 0.40 0.75 1.23
Tree 1.70 1.05 0.25 1.20 2:99
Hoobs 1135 9.90 4.80 6.15 8.05
Star 12.60 8.20 0.55 0.70 5.51
Grid 1.65 1.10 0.15 0.80 0.93
Total 5.83 3.72 1.03 1.60

Further analyzing the results, one can see that the Hobbs graph [9] is the most
difficult graph, having an overall average of 888 crossings found for all the
algorithms implemented, while the Simple graph is the casiest of all, having an
overall average of 0 crossings found for every algorithm implemented in this paper.

Table 3 shows the optimal (requency of occurrence reported in each of the graphs
implemented in this paper. The [requency is defined by the number of times the
algorithm reached the optimum. The table shows the optimal frequency of occurrence
reached in the 20 independent evaluations that were executed for each algorithm.
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Table 3. Number of times the algorithm found the optimum in a total of 20 evaluations.

Optimal frequency of occurrence

HC
Graph GA UMDA HUx . g
Simple 20 20 20 20
Herschel 8 2 16 14
Tree 0 4 15 8
Hoobs 0 0 6 3
Star 0 2 17 16
Grid 6 9 17 12
28% 33% 76% 61%

Table 4 shows the optimal frequency of occurrence. The HUx algorithm
outperforms all other algorithms, in some instances by more than 50%. The following
table shows the percentage of occurrence of the optimum and it can be scen that the
HUX algorithm has an effectiveness rate of 76% in obtained results. versus the 61%
rate shown by the HC algorithm with random reboots. This is a 15% difference with
regard to the effectiveness rate as compared to the second best algorithm.

Table 4. Average optimal frequency of occurrence in a total of 20 evaluations.

Average Frequency of occurrence of the optimum

HC
Graph GA UMDA HUx {tandon ebuon

Simple 100% 100% 100% 100%
Herschel 40% 10% 80% 70%
Tree 0% 35% 75% 40%
Hoobs 0% 0% 30% 15%
Star 0% 10% 85% 80%
Gnid 30% 45% 85% 60%

28% 33% 76% 61%

Table 4 shows that the percentage of occurrence of the optimal HUx algorithm lies
within an cffectiveness rate of 100% and 75% in the case of the Simple graph, the
Herschel graph, the Tree graph, the Star graph and Grid graph. Only the Hobbs graph,
which is the most dilficult of all, a 30% effectiveness rate was obtained. Nonetheless.
it still exceeded the 50% effectiveness rate shown by the HC algorithm with random
reboot, which is the second best ot all algorithms.

Finally, it is worth mentioning that the reach of our objective, which in this case
cntailed a drawing having the minimum number of crossings in the graph’s edges,
was fully achieved by the hybrid HUx algorithm as well as by the HC algorithm with
random reboot. The scarch for the optimal solution for all graphs taken from the
literature includes zero crossings on the graph’s edges: only in the Hobbs graph which
is non-planar, in this case the optimal solution is 2 crossings on the edges of this

graph.
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Table 5 shows the rcach of goals accomplished by the different mctaheuristics for
cach of the graphs taken from the literature.

Tabla 5. Rcach of the goals obtained by the difTerent metaheuristics.

Scope of Objectives
HC

Graph GA LM s (random reboot)
Simple 0 0 0 0
Herschel 0 0 0 0
Tree . 0 0 0
Hoobs 5 3 2 5
Star 2 0 0 0
Gnd 0 0 0 0

When analyzing the results obtained by the UMDA algorithm and the HC
algorithm with random reboot, it is obvious that the reach of their objectives is very
similar. taking into account that this feature makes the decision to implement a new
algorithm having the virtues of these two algorithms in order to overcome the results
possessed these (wo algorithms up to that moment. This is how the hybrid HUx
algorithm is implemented.

7.2 Comparison of HUx algorithm with literature results

A comparison of the results obtained by the hybrid HUx algorithm and some of the
algorithms reported in the literature comprising part of the state of the art on graph
drawing for the minimization of crossings on their edges is shown beiow. The way
results are presented in this section differs from the way results were presented in the
previous index becausc most of the papers herein cited does not allow a direct
comparison given the fact that only in a few instances are statistical summaries
provided. Hence. the authors only give a description and show some ol the results
obtained. Therefore. the way of comparing the results for cach graph is done
separately.

The Simple graph for the paper presented in [13], yields 93% of drawings with no
crossing after 3,600 evaluations (60 generations x 60 individuals). With regard to the
same graph presented by [14]. the Stochastic Hill Climbing (SHC), yields a 100%
drawings with no crossings after 550 cvaluations, while the hybrid HUx algorithm
yields 100% of drawings with no crossings after 252 evaluations on average in a total
of 20 independent exccutions. This is a better result since it uses only half of the
evaluations to achieve the goal with respect to the SHC.

The paper of [99] yields a solution with four crossings after 20.000 cvaluations
(1000 generations x 20 individuals). The SHC [14], yields two solutions with three
crossings. four solutions with four crossings and three solutions with five crossings
during the 20 executions, and no details are given with regard to number of
evaluations needed to accomplish the solution. The hybrid HUx algorithm presents
six solutions with two crossings, three solutions with three crossings, two solutions
with four crossings and two solutions with five crossings after 9,034 cvaluations on
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average during the 20 exccutions of the algorithm. These results are by far superior to
the those obtained by Hobbs and Rossete. since six solutions were obtained with two
crossings, somcthing not achieved by the SHC algorithm.

The results presented by [1] for the tree graph yields only one solution with no
crossings. The SHC [14], yielded ten solutions with no crossings and six solutions
with one crossing after 3.000 evaluations. The hybrid HUx algorithm yielded fifteen
solutions with zero crossings and five solutions with one crossing in just 4,841
cvaluations on average in the twenty executions. These results also favor the hybrid
HUx algorithm since it yiclded five more solutions with zero crossings than the SHC
algorithm.

For the Star graph [1], authors obtained one solution with no crossings. The SHC
[14] yiclded five solutions with no crossings and two solutions with one cross during
the 20 executions, no details are given with regard to the number of evaluations
required to attain these results. The hybrid HUx algorithm yiclded seventeen solutions
with zero crossings, one solution with one crossing, one solution with three crossings
and one solution with seven crossings upon completing 4909 evaluations on average
during the 20 executions for the algorithm. The results obtained for this graph are also
much higher since the HUX yielded twelve results with zero crossings more than SHC
algorithm.

The Herschel graph SHC [14], yielded seventeen solutions with no crossings after
3,000 cvaluations during the 20 exccutions. The authors of the paper [1] only obtained
one solution with no crossings when using the mutation based on the springs
algorithm. However, when it is not used, it is not possible to obtain one single
solution with no crossings. The hybrid HUx algorithm yiclded 16 solutions with no
crossings after 4,194 cvaluations on average and four solutions with two crossings
after 20 executions of the algorithm. For this graph, results obtained by the SHC and
hybrid HUx algorithm are very similar, although the SHC obtained included only 1
more crossing than the hybrid HUx algorithm.

The Grid graph (3], yields a solution with no crossings upon completion of 50.000
cvaluations (5000 gencrations x 10 individuals). In the paper of [14]. the SHC yielded
12 solutions with no crossings after 3,000 evaluations during the 20 executions of the
algorithm, while the hybrid HUx algorithm yiclded seventeen solutions with zero
crossings and three solutions with one crossing after 4,018 evaluations on average
during the 20 exccutions of the algorithm. The results again favored the hybrid HUx
algorithm since it yiclded five crossings more than the SIIC.

A larger graph was designed with more vertices and edges than graphs taken from
the literature, This graph include the vertices and edges of two graphs; namely. the
Hobbs graph which has 20 vertices and 36 edges. and the Ebner graph. which has 20
vertices and 33 edges. The graph resulting from the combination of these two graphs
was named “Composite graph™. This union yielded the Composite graph, which was
built having 40 vertices and 69 edges, which is the largest graph of all. The results of
the composite graph are shown below in Table 6.



A Hvbrid Evolutionary Algorithm for the Edge Crossing Minimization Problem... 38

Table 6. Average optimal frequency of occurrence in a total of 20 cvaluations.

Composite graph
s Average
. Average Objective Scope  Frequency of
Algorithm 3 AP frequency of
& Crossings least 3 crossings occurrence o‘cc::urrc:ce

GA 63 35 0 0%
UMDA 34 19 0 0%
HUx 1 3 | 5%
HC (reboot) 10 5 0 0%

29.542 15.50 0.25 1%

The table's first column shows that the average number of crossings is 11 for the
hybrid HUx algorithm, while the HC algorithm with restart obtained a total of 10
crossings. which is onc less than the hybrid HUx algorithm. making it the best of all
algorithms: however. this result is very similar to that obtained by the hybrid HUx
algorithm. Furthermore. it is known that the minimum number of crossings of the
Composite graph is 3 because the minimum number of crossings for the Ebner graph
is 1. and the minimum number of crossings for the Hobbs graph is 2, as shown in
Table 6. By looking at column two on the Table 6. it can be observed that the only
algorithm that achieved the objective is the hybrid HUx algorithm, as shown by
columns three and four on Table 6. Here one can observe that the only algorithm that
contributing to the statistical data is the hybrid HUx algorithm.

Figure 1 shows the Composite graph drawing, which was minimized by the hybrid
HUx algorithm. The HUX was the only algorithm that reached the three crossings
objective. The Minx System displays the Composite graph [4].
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8 Conclusions

Among the main contributions gencrated by this rescarch paper, the creation of the
hybrid HUx algorithm that is used in the graph drawing crossing minimization of
cdges problem efficiently is included. This can be used in automatic graph drawing.

It was demonstrated that this tool was implemented successfully in all experiments
carried out; therefore, it is an cfficient way to solve the problem of minimizing the
crossings of the edges of a graph. Furthermore, analysis results showed that this tool
exceeded the quality of results produced by the various metaheuristics implemented in
this research paper as well as the results obtained by other metahcuristics taken from
the literaturc and that make up part of the state of the art.

The design, development and deployment of the hybrid HUx metaheuristic. has
been of paramount importance as it leverages the most outstanding properties of two
metaheuristics such as the UMDA which is a global scarch metahcuristic and the HC
algorithm is an algorithm of local scarch. UMDA characteristics to capture global
properties of the solutions by estimating a probabilistic model (independence model)
and sccondly the speed and cfficiency shown by the HC algorithm makes the hybrid
HUx algorithm a tool most cifective in the search for minimization of crossings on
the edges of a graph.

The Minx system reported in [4] provides users a tool for a friendly and casy to use
graphs display. The automatic drawing of minimized graphs makes it casier for the
user to compare results appearing in separate windows, giving the user the
opportunity to choose the graph design which best suits their nceds.
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Abstract. The majority of work in music information retrieval (MIR) has been
focused on symbolic representations of music. However. most of the digitally
available music is in the form of raw audio signals. Although various attempts
at monophonic and polyphonic transcription have been made. none has been
successful and general enough to work with real world signals. So far. many
rescarchers have been done to develop efficient music retrieval systems, In this
paper. we develop a novel music retrieval system based on dynamic neural

networks, which are trained with the signal melody, and not with traditional
descriptors.

Keywords: Music Information Retrieval: Dynamic Neuronal Networks:
musical descriptors.

1 Introduction

With the explosive expansion of digital music and audio contents. efficient retrieval
of such data is getting more and more attention. especially in large-scale multimedia
database applications. In the past. music information retrieval was based on textual
metadata such as title. composer, singer or lyric. However. these various metadata-
based schemes for music retrieval have suffered from many problems including
extensive human labor. incomplete knowledge and personal bias.

Compared with traditional keyword-based music retrieval. content-based music
retrieval provides more flexibility and expressiveness. Content-based music retrieval
is usually based on a set of extracted music features such as pitch. duration. and
rhythm.

In some works. such as [1][2]. only pitch contour is used to represent melody.
Music melody is transformed to a stream of U, D, R. which stands for a note is higher
than. lower than, or equal to the previous note. respectively. But it simplifies the
melody so much that it cannot discriminate music very well. especially when the
music database is large.

In order to represent the melody more accurately and discriminatively, new feature
sets have been proposed. In [3], pitch interval and rhythm are considered as well as
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pitch contour. In [4]. relative interval slope is used in music information retrieval.
And [5] introduces four basic segment types (A.B.C.D) to model music contour.
When rhythm and pitch interval is considered. more complex similarity measure
and matching algorithm should be used. [5] uses two-dimensional augmented suffix
tree to search the desired song. rather than approximate string matching algorithm
used in [1][2]). In [6]. 2 new distance metrics between query and songs is proposed.
But its computation is very time-consuming because it need adjust many parameters

step by step to find the minimum distance.

Neural networks are characterized by dynamic dependence of events in past
moments. Within the neural networks are dynamic networks are inherently dynamic.
such as networks Hopfield. Jordan and Elman [I]. On the other hand. there are
networks multilayer. which are static in nature but. achieve a dynamic behavior

reinforced their own inputs samples of their previous outings.
In this paper. we propose a novel music retrieval system based on the use of

dynamic neural networks. training with these melodies and using their synaptic

weights as descriptors for the recovery of the melody.
The rest of this paper is organized as follows. In Section 2. we present an overview

of ongoing research for analyzing music features and constructing MIR systems. In
Sections 3. we describe our music retrieval system using dynamic neural networks. In
Section 4. we report on some of the experimental results. Section 5 concludes this

paper and describes our future directions.

2 Related work

In this section. we review some of typical techniques and systems for music
information retrieval. As we know. music can be represented in two different ways.
One is based on musical scores such as MIDI and Humdrum [7]. The other is based
on acoustic signals which are sampled at a certain frequency and compressed to save
space. Wave (.wav) and MPEG Layer-3 (.mp3) are examples of this representation.

2.1 Symbolic analysis

Many research efforts to solve the music similarity problem have used symbolic
representation such as MIDI. musical scores. note lists and so on. Based on this. pitch
tracking finds a *“‘melody contour™ for a piece of music. Next. a string matching
technique can be used to compare the transcriptions of songs [ .[8].[9].[10].[11].

String matching has been widely used in music retrieval because melodies are
represented using a string sequence of notes. To consider human input errors.
dynamic programming can be applied to the string matching: however. this method
tends to be rather slow. An inexact model matching approach [12] was proposed
based on a quantified inexact signature-matching theory to find an approximate model
to users” query requirements. It can enhance the reusability of a model repository and
make it possible to use and manage a model repository conveniently and flexibly.
Zhuge tried to apply this theory to a problem-oriented model repository system
PROMBS [13].
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There are also researches for symbolic MIR based on the ideas from traditional text
IR. Using traditional IR techniques such as probabilistic modeling is described in [14]
and using approximate string matching in [15). Some work addressed other IR issues
such as ranking and relevance. Hoashi [16] used relevance feedback for music
retrieval based on the tree-structured vector quantization method (TreeQ) developed

by Foote. The TreeQ method trains a vector quantizer instead of modeling the sound
data directly.

2.2 Acoustic signal analysis

There are many techniques to extract pitch contour. pitch interval. and duration
from a voice humming query. In general. methods for detecting pitches can be divided
roughly into two categories: time-domain based and frequency-domain based.

In the time-domain. ZCR (zero crossing rate) and ACF (auto correlation function)
are two popular methods. The basic idea is that ZCR gives information about the
spectral content waveform cross zero per unit time [17). In recent works. ZCR
appeared in a different form such as VZCR (variance of ZCR) or SZCR (smoothing
ZCR) [18]. On the contrary. ACF is based on the cross correlation function. While a
cross correlation function measures the similarity between two waveforms along the
time interval, ACF can compare one waveform with itself.

In the frequency-domain, FFT (fast Fourier transformation) is one of the most
popular methods. This method is based on the property that every waveform can be
divided into simple sine waves. But. a low spectrum rate for longer window may
increase the frequency resolution while decreasing the time resolution. Another
problem is that the frequency bins of the standard FFT are linearly spaced. while
musical pitches are better mapped on a logarithmic scale. So. Forberg [19] used an
alternative frequency transformation such as constant Q transform spectrums which
are computed from tracked parts.

In recent works for the automatic transcription. they used probabilistic machine
learning techniques such as HMM (hidden Markov model) and NN (neural network)
to identify salient audio features and reduce the dimensionality of feature space.
Ryynanen and Klapuri [20] proposed a singing transcription system based on the

HMM-based notes event modeling. The system performed note segmentation and
labeling and also applied multiple-FO estimation method [21] for calculating the
fundamental frequency.

2.3 Recent MIR systems

For decades. many researchers have developed content based MIR (Music
Information Retrieval) systems based on both acoustic and symbolic representations
[11(8)[22].[ 1 1]

Ghias (1] developed a QBH system that is capable of processing acoustic input in
order to extract appropriate query information. However. this system used only three
types of contour information to represent melodies. The MELDEX system [8] was
designed to retrieve melodies from a database using a microphone. It first transformed
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acoustic query melodies into music notations. and then searched the database for
tunes containing the hummed (or similar) pattern. This web-based system provided
several match modes including approximate matching for interval. contour. and
rhythm.

MelodyHound [22]. originally known as the “*“TuneServer™". also used only three
types of contour information to represent melodies. They recognized the tune based
on error-resistant encoding. Also. they used the direction of the melody only. ignoring
the interval size or rhythm. The C-BRAHMS [23] project developed nine different
algorithms known as Pl. P2. P3. MonoPoly. IntervalMatching. PolyCheck. Splitting,
ShiftOrAnd. and LCTS for dealing with polyphonic music.

Suzuki [24] proposed a MIR system that uses both lyrics and melody information
ice. They used a finite state automaton (FSA) as a lyric recognizer to
ar and developed an algorithm for verifying a hypothesis output by a
lyric recognizer. Melody information is extracted from an input song using several
pieces information of hypothesis such as song names. recognized text. recognition
score. and time alignment information.

Many other researchers have studied quality of service (QoS)-guaranteed
multimedia systems over unpredictable delay networks by monitoring network
conditions such as available bandwidth. McCann [25] developed an audio delivery
system called Kendra that used adaptability with a distributed caching mechanism to
improve data availability and delivery performance over the Internet. Huang [26]

resented the PARK approach for multimedia presentations over a best-effort network
in order to achieve reliable transmission of continuous media such as audio or video.

in the singing vo
check the gramm

3 Dynamic Neuronal Network applied to MIR

Dynamic neural network is the extension of static neural network via the
consideration of time. The proposed dynamic models are developed based on static
MLEN. In general. dynamics can be expressed by using a tapped-delay line. external
dynamics and internal dynamics [27]. Tapped-delay line approach uses a sequence of
delay to express dynamics and forms time-delay neural network [28].[29]. External
dynamics approach uses the historical information of output itself to show dynamics

and forms autoregressive type neural network [30].[31].

3.1 Multi-layer Feed-forward Neural Network (MLFN)

The most common network structure the MLFN which is a parallel distributed
processing network. Parallel distributed processing network is formed by many basic
units called neurons. Information processing takes place through the interactions of a
large number of neurons can solve difficult tasks.

This is the idea of learning tasks via different angles via neurons and the
interactions between neurons. It is a good option for model selection. Figure | shows

the scheme network of MLFN.
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Fig. 1. MLFN Network Structure.

3.2 Time Delay Neural Network

Time delay neural network (TDNN) comes under dynamic neural networks. which
are designed to explicitly include time relationships in the input-output mappings.
Time-lagged feedforward networks (TLFNs) are a special type of dynamic networks
that integrate linear filter structures inside a feedforward neural network to extend the
non-linear mapping capabilities of the network with a representation of time [32].
Thus. in TLEN the time representation is brought inside the learning machine. The
advantage of this technique is that the learning machine can use filtering information
while the disadvantage is that the learning becomes complex since the time
information is also coded in. TDNN is one of the specific cases of TLFN where a
tapped delay line is given in the input followed by a multilayer perceptron (MLP) as
shown in the block diagram in Fig. 2. Current input (at time ¢) and D delayed inputs
(attime r—1,t=2,....t = D) can be seen by the TDNN. The TDNN can be trained

by using gradient descent back propagation. The ordered training patterns must be
provided during training process [33).

. T -
2 ’(:-n) ”//N;dtn

CP/ layer

Input :
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3.3 Proposed method

It used WAV files. each file is trained in a dynamic neural network (TDNN). it shows
a diagram in Figure 3. At the end of the training is obtained the weight matrix
(WNN). as this is used as a descriptor of melody trained.

This method is novel because it works on the time domain. not you the frequency
domain which gives a digital signature. such as: 1) Music features: pitch. duration.
and rhythm. 2) Traditional descriptors: pitch contour. zero crossing rate. cross
correlation. FFT. and others.

It is not necessary obtain the digital signature or features of the melody. because it
is used in full. This reduces the level of a-priori knowledge of the melody by the user.

- o) — (o)
_w _—-| TONN_2 l—. WNN_2

i — (o) — (o)
Fig. 3. Structure training of the TDNN with melodies.
The recovery of melodies is performed query with a segment of a melody. this
segment is processed in the TDNN and stepdaughter and the descriptors of the

melodies. get the error recovery the melody. and finally with the argument minimum,
you get the index gives melody that was query. it shows a diagram in Figure 4.

w . —’{:—‘f@—’l——f_]_._.l argmin(Re_n) |—{ n* |—» “”

e —{ s

Fig. 4. Structure retrieval of melodies using descriptors of the TDNN.

4 Experimental results

It used 16-bit WAV files (stereo mode). each file is trained in a dynamic neural
network. and these networks have a maximum of 100 iterations. and 10 neurons in the

hidden layer. At the end of the training is obtained the weight matrix. as this is used as
a descriptor of melody trained.
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Tests were with different numbers of neurons in the hidden layer. as well as
different numbers of iterations. the results of this test are shown in Tables 1.2 and
Figures 5.6.7.8. The compares the errors rate training and recovery.

Table 1. Table of error rate training and recovery. with different numbers of ncurons

Training Recovery
N. neurons Minimum  Avera Maximum _ Minimum  Asverage  Maximum

5 L09E-04  248E-03 0.12E-03 8J5E-03  1J1E-02 2.21E-02
6 293E04 248E-03 5.61E-03  5.19E-03 1.88E-02  5.05E-02
7 5.59E-04  1O7E-03 0.46E-03 6.09E-03 |.95E-02 4.83E-02
8 2O4E-04  3.52E-03 043E-03  1.01E-02  1.69E-02 3.00E-02
Errorrate training
3 00E-02
2.50€-02
2006-02 ———
- i ~— 8 Neuronsg
o
= 1 50E-02 - 7Neurors
d
1 00€-02 . =86 Neurons
i b5 Neurons
5.00E03 —— e
0 00E-Q0

Minimum Average “daximum
Fig. 5. Graphic of error rate training. with different number of neurons.
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Fig. 6. Graphic of error rate recovery. with different number of neurons.

Table 2. Table of error rate training and recovery. with different numbers of iterations

Training Recovery
N. iterations  Minimum_ Average  Maximum  Minimum Average  Maximum
10 207E-03  9.67E-03 2.064E-02  996E-03 300E-02 6.37E-02
25 LISEO}  5.65E-03 1.09E-02 S49E-03 2.14E-02  5.68E-02
50 L99E-04  248E-03 6.12E-03 845E03 141E-02 221E-02

75 J5SE-04  5.29E-03  1.0SE-02  7.94E-03  211E-02 5.08E-02
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Errorrate training
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Fig. 7. Graphic of error rate training. with different number of iterations.
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Fig. 8. Graphic of error rate recovery. with different number of iterations.

The system works effectively and efficiently. with a query with a segment less than

| percent the total melody. the melody is recovered. ‘
For example. if you train the TDNN with a melody the 132221 frames. and

recovers with only 350 frames, which is 0.264 percent of the total of the melody. with
these we can conclude that is recovering with less than | percent of the melody.

4 Conclusions

Content-based music retrieval is a very promising method for large music library. yet
it is a very challenging task. We discussed various features of music contents for
content-based retrieval.

In this paper. we have presented a preliminary approach to Music Information
Retrieval. The goal of this study was to explore a new line research within the field of
MIR. Not all people are experts in models auditory perception. so we have chosen a
TDNN network type that is capable of solving the problem from the samples without
using any traditional descriptor or digital signature. Neither has made any
preprocessing before the music files. these apply changes a melody can distort or



49 L.E. Gomez, J.H. Sossa. R. Barronl, J.F. Jimene=

highlight the information contained therein. Therefore. unlike other techniques. MIR.
we have original melody introduced directly into the net try find this as a suitable
height relations present in the spectrum signal.

The inputs to TDNN network as a series of amplitudes obtained from stereo
melody. The output of network is the encoding of a musical descriptor in a matrix of
weights.

The system works effectively and efficiently. as a query with a segment less than |
percent the total melody. the melody is recovered.

It can be concluded that the system retrieval using dynamic neural network is a
success. achieving very faithful to the melody identification. in any case. the results of

this study open many lines promising for further research on MIR by dynamic neural
networks.
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Abstract. A common task in computer vision is to segment regions
based in its colour. Over the years several algorithms have been proposed,
ranging from thresholding to more sophisticated algorithms such as belief
propagation. In this paper, conformal geometric algebra is used to fit
spheres to a set of points representing colours of some colour space,
showing how these spheres can be used to identify pixels in images that
belong to the covering spheres, i.e segment regions based in its colour.

1 Introduction

[n general, the conformal model can be seen as an extension of the Euclidean
space R", where the conformal model is generated by {e,.ex.€1,..,€n}, where
€o € =€x-€;=0,€e2=¢e2 =0and e, e, = —1. In the conformal domain a
Euclidean point .« is represented as:

1
X=z+ -5:1:26,,0 +e, (1)

-

and spheres are represented by:

S=C- %72300 (2)

where C is a conformal point that represents the centre of S and + is the radius.

In the conformal model distance from a point to a sphere is given by:
X-S=v*=(x-0c)? (3)

Eq.(3) is equivalent to the concept of "power™ between a point and sphere, which
is used in the context of covering spheres to know how much a point belongs to
a sphere.

From this point of view, the segmentation of images based on its colour can
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be expressed as fitting a sphere S to a set X of colours that are similar, for
instance a certain tone of red.

Stating the problem in a geometric way makes possible to solve it by just com-
puting the “"power” between the S and some point Y, fig.(1) illustrates three
different situations of how spheres can be used to segment colour images.

Fig. 1. Three possible situations used to segment regions based on its colour

where:

a) if Y-S <0 then Y is outside S.
b) if Y-S =0 then Y lieson §.
c) if Y-S >0then Y is inside S.

one clear restriction is that colours contained by S must be similar, hecause
using colours which are very different would result in a sphere that would not be
useful. In such situation it is preferable to use several spheres containing different

colours.

2 Fitting spheres to colour points

In recent years, treating the colour pixels as points in R? regardless of their
colour space has heen used for gradient detection [1], [2], segmentation [3], and
colour representation [5]. Representing colour pixels in such a way makes the
problem of segmentation suitable to be stated as a geometric problem, where

Geometric Algebra (GA) becomes a powerful tool.

Fitting a sphere S to some X C R" consists in finding S such that it optimally
covers all points in X. From this statement, spheres become an interesting op-

tion to represent colours which are "similar”.
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This concept can also be used to fit a sphere to a set of colour pixels X =
{X1,.... Xin} € R? using a least square approach:

mn

S. = m'gminz (X:-8)? (4)
S =l

where X; - S can be represented in a matrix form as follows
JY]!' JY“IE Xil—l .—l'XI'Xl
JYZI Xg X:Z; —l .—JY‘_)_ . X2
w= |70 (5)
JY,,]i JY?E JYi: "-'1 %JY" - .IY"

where X ;’ represents the j-th component of the i-th point in X € R?, eq.(5) can
be solved by computing the eigen-values, and eigen-vectors [6] of B = W'V,

Ounce S has been computed it can be used to determine whether some point
Y is found inside S, this is done in the following way:

- ifY -8 >0then Y is inside S.
-if Y-S <0 then Y is outside S.

an advantage of computing S is that it can be used on different images to segment
colours. It should be noted that sometimes a point Y that is similar to those in
X could be outside S, in which case it is preferable to use a threshold ¢.

3 Experimental results

In this section we show to different experiments of how the proposed solution
works. First we use the well known image of peppers to segment regions of sim-
ilar colour, then using real image of human retina, the optic disk is segmented.
The second experiment consists in segmenting objects of different colours.

Fig.(2(a)), shows the image before segmentation, in order to create a sphere
S a set of colours X must be created, this is done manually by selecting some
point from the area of interest, in this experiment only four samples where taken
from the red pepper (right side in fig.2(a)), the result of the segmentation process
using the different thresholds are shown in fig.(3).

(b) (1)

Fig. 2. Result of using different thresholds —0.1, —0.05 and 0.0 for images (b) , (c)
and (d) respectively
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the proposed solution was also used to segment the optic disk from human
retina images. the images were also sampled over the optic disk, fig.(3), only five
samples were taken to create a sphere before segmenting the optic disk.

(a)

Fig. 3. (a) original image. (b) segmentation using a threshold of —0.1 and (c) segmen-
tation using a threshold of —0.2

The second experiment consisted in segmenting objects of different colours,
unlike the previous experiment where only one sphere was used.in this epx-
eriment several spheres corresponding to various colours are used, fig.(3), five
samples per colour are taken before segmenting a region of the selected colours,
then separate spheres are created for each selected colour.

ng o SN A :
(a) Original image (h) Two spheres used to seg-
ment blue and pink

(c) Original image (d) Two spheres used to seg-
ment red and green

Fig. 4. Result of different spheres for colour segmentation
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This last experiment had somne problems segmenting different regions simulta-
neously, because colours where relatively close. This situations favoured negative
thresholds, which lead to situations such as in fig.(-t(d)), where yellow colour was
segmented when only red and green were intended to be segmented.

In these two experiments we have choosen to take only four or five samples
of a given colour, it is not a restriction of the proposed method. However, it
should be noted that is peferable to select colours that are very similar.

4 Future work

The method presented in this paper has the limitation of using spheres that
contain colours that must be similar, which sometimes results in difficulties to
establish a reliable threshold.Therefore one task that will be addressed in the
future it to determine a maximum and minimum threshold, which should take
into account the properties of the spheres that represent some colour. It would
also be interesting to adapt our proposed solution to other segmenting tasks
such as stereo matching in multiple views and motion tracking.

5 Conclusion

In this paper it has been shown hos the colour segmentation problem can be
stated in geometric way, and the useful tool GA can be in solving problems
of computer vision. It must also be noted that using the proposed solution to
segment real images its a good option since it allows to take samples from differ-
ent images and use the computed sphere on images that were not used to take
samples.
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Abstract. This project bases on the worry that Acute Lymphoblastic Leukemia
Infantile is the most common type of cancer in children, generally it deteriorates
rapidly but it can be treated in time. ALL is a discase in which white blood cells
attack the infections (so called lymphocytes). which are immature in big
quantities in the blood and bony marrow of the child. There is an algorithm
designed that helps detect the cancer ALL. this one must be a support for the
doctor. The samples that are taken of bony marrow dress in the microscope.
Our algorithm is based on the programming on Mat lab. this one consists of
four stages of processing: Image of entry, Segmentation. Classification,
Recognitions and Exit. First the image that is selected of a bank of information
is read, where all our images of tests are read as well, the original image turns
into a scale of gray image, in the stage of segmentation 6 Edge's methods are
analyzed to sce which is most indicated for our needs. an object can be
discovered casily in an image if the object has the contrast of sufficient bottom,
this is done in the same stage of segmentation.

Keywords: Acute Lymphoblastic Leukemia (ALL).

1 Introduction

ALL is a type of cancer for which the bony marrow produces too many
lymphocytes (a type of white blood cell).
The ALL is a cancer of the blood and the bony marrow. This type of cancer generally
deteriorates rapidly if it is not treated fast. It is the most common type of cancer in the
children. Normally, the bony marrow mother elaborates blood cells that turn, with the
time, into blood mature cells.
The mother cell-amyloid turns into one of three types of blood mature cells:

[. Red blood cells that transport oxygen to all the fabrics of the body.

2. White blood cells that fight against the infections and the discases.

3. Platelets that help to anticipate hemorrhages that form clots of blood.
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In the ALL. too many mother cells can turn into a type of white blood cells called
lymphocytes. These lymphocytes also call lymphoblast or leukemia cells. There are

three types of lymphocytes:

Lymphocytes B that produce antibodies to help to fight against the infections
Lymphocytes T that help lymphocytes B to generate the antibodies that help fight
against the infections. Aggressive natural cells that attack the cancerous cells or the

VIrus.

2 Deviopment

Evolution of a blood cell.
A mother blood cell goes through several stages to turn into a red blood cell, a platelet

or a white blood cell.
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Fig. 1. Evolution of a blood cell.

In the ALL case, the lymphocytes cannot fight very well against the infections. In

ad&ition, as it increases the quantity of lymphocytes in the blood and the bony
marrow, there is less place and space for the white blood cells, the red blood cells and

the healthy platelets. This can lead to infections, anemia
There are subgroups of child ALL.

Four of the subgroups of child ALL are based on the type of blood cells that are
affected, if they present certain changes in the chromosomes and the age in the

moment of the diagnosis:

ALL ofcells T.
Positive ALL for the chromosome Philadelphia.

ALL diagnosed in a breast-fed baby.
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ALL diagnosed in 10-year-old children of age or more, and in teenagers.

The exhibition to radiation and the family precedents can take part in the risk of
suffering from child ALL.

A factor of risk is anything that increases the risk of contracting of a disease.
Pcople who have a factor of risk lets us know that one is going to contract cancer; not
to have a factor of risk means that one is not going to contract cancer. The people who
think that they can be in risk, must consult this topic with their doctor. The possible
factors of risk for the ALL include the following aspects:

To have a brother with leukemia.

To be of white race or of Hispanic origin.
To reside in the United States of America.
To be exposed to the X-rays before the birth.
To be exposed to radiation.

To have had a previous treatment with chemotherapy or other medicines that
debilitate Immunological system

To suffer from certain genetic disorders as Down's syndrome.
® The possible signs of infantile ALL include fever and bruises,

o & o 0 0 0

These and other symptoms can be caused by the infantile ALL. Other affections

can cause the same symptoms. It must consult with a doctor if one presents any of the
following problems:

® Fever.

Bruises or bled easy.

Petequia (flat spots, like dots under the skin produced by the bled one).
Aching bones or joints.

Masses that do not hurt in the neck, the armpits, the stomach or the groin.
Pain or sensation of satiety under the ribs.

Weakness or sensation of weariness.

Loss of appetite.

To detect and diagnose child ALL, there are tests that examine the blood and
the bony marrow.

You can use the following tests and procedures:

I. Physical examination and precedents: examination of the body to check the
general signs of health, inclusive the checkup of signs of discase, as masses or any
other thing that scems to be abnormal. There take also the medical precedents of the
diseases and the previous treatments of the patient.

2. Blood complete inventory (RSC) with differential: procedure by means of which
a sample of blood is taken and the following aspects are analyzed:

The quantity of red blood cells and platelets.

The quantity and the type of white blood cells.

The quantity of hemoglobin in the red blood cells.
The part of the sample composed by red blood cells.
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3. Aspiration of bony marrow and biopsy: ¢xtraction of a sample of bony marrow
blood. and a small chunk of bone, this is done with the inscrtion of a necedle in lhe'
bone of the hip or the breastbone. A pathologist observes the samples of bony
marrow. blood and bone under a microscope to check if there are signs of cancer.

4. Analysis cytogenetic: this procedure is done by observing under a microscope
the cells of the blood sample or the bony marrow to check if there are certain changes
in the chromosomes of the lymphocytes. For cxample, in the ALL, part of a

chromosome moves to another chromosome. This is called “chromosome

Philadelphia”

5. Immunophenotyping: this procedure is done by observing under a microscope
the cells of the blood sample or the bony marrow to check if the malignant
(cancerous) lymphocytes started by being lymphocytes B or lymphocytes T.

6. Studies of the chemistry of the blood: procedure in which a sample of blood is
examined to measure the quantities of certain substances liberated to the blood for the
organs and fabrics of the body. A slightly common quantity of a substance can be a
sign of discase in the organ or the fabric that elaborates it.

7. X-ray photography of thorax: X-ray photography of the organs and bones of the
interior of the thorax. An X-ray is a type of bundle of energy that can cross the body
and to take form of a movie that shows an image of the interior of the body.

Certain factors affect the forecast (possibility of recovery) and the options of
treatment. The prediction and the options of treatment depend on the following
aspects:

The age and inventory of white blood cells in the moment of the diagnosis.

How rapid and how much diminishes the concentration of leukemia cells afier the

initial treatment.
The kind and the ethnic race.
If the lcukemia cells originated in lymphocytes B or in lymphocytes T.
If certain changes demonstrated in the chromosomes of the lymphocytes.
If the leukemia has been spread up to the brain and the spinal marrow,

If the child suffers from Down's syndrome.

Fig. 2. a) Healthy blood cell b) Blood cell with ALL
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2 Stages of processing

Where do we want to get?

At

1

Onginal Image

Culabed Gradient Mask

Binary Image with Filled Holes  Cleared Border image Segmented Image

Outlined Qriginal khage

Fig. 3. To obtain a good segmentation in the images, there are methods of contour detection
and basic instruments of morphology that later | will describe.

3 To read the image

In mat lab a scale of gray image is represented by a two-dimensional counterfoil of m
x n clements where n represents the number of pixels of width and m the number of
pixels of length. The element vi1 corresponds to the element of the top left corner,
where cvery element of the counterfoil of the image has a value of 0 (black) to 255
(white).

To read images contained in a file to the environment of mat lab the function is in
use imread, whose syntax is imread (' name of the file ")
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Where name of the file is a chain of characters containing the complete name of the
image with its respective extension, the formats of images that are supported by mat

lab.
To introduce an image saved in a file with onc of the formats specified in the

previous table, only the function has to be used imread and assign its result to a
variable that will represent the scale of gray image.

Formaco | Exlension
TIFF it
JPEG JpE
GIF il
BMP buaap
PNG P
XWD ol

Fig. 4. Format of image
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Fig. 5. An image is selected inside the bank of information that wants to be analyzed.

4 Segmentation (Detection of edges)

We spend to the second part of the stages of processing.

Functions for the extraction of edges x

In a computer like vision we proceed to the recognition of objects or segment regions,
to extract the edges of objects (that theoretically delimit its sizes and regions). The
function edge gives the possibility of obtaining the edges of the image. The function
allows to find the edges from two different algorithms that can be chosen, canny and
sobel. The format of this function is:

ImageT=edge (ImagesS, algorithm); (1
Where ImageT is the image obtained with the extracted edges, lmageS is the

variable that contains the image in scale of gray to which one tries to recover its
edges, whereas algorithm can be one of the two canny or sobel. In such a way that if
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to the image in scale of gray contained in the variable image gray its edges they want
to recover him using in algorithm canny that would be written in line of commands:

ImageR=edge (imagegray, canny); 2)

Definition of edge: to the pixels where the intensity of the image changes abrupt
form. Significant reduction of the quantity of information and it leaks or filters the
unnecessary information. It is the calculation of a local operator of derivation.

We detect edges using the operators of derivation:

Using the first derivative we have:
® Positive: change the levels of gray so the image is more clear.
e Negative: opposite case.
e Zcro in zone of uniform grey.
o And for the second derivative we have:
e Positive value: dark zone of every edge.
e Negative value: clear zone of every edge.
e Value zcro: gray zone is a constant value.

Eelll gzl

Fig. 6. We detect edges using the operators of derivation:

The value of the magnitude of the first derivative serves us to detect the presence
of edges. The sign of the second derivative indicates us if the pixel belongs to the
clear zone or to the dark zone. The first derivative in any point of the image will be

given by the magnitude of the gradient the second derivative will be given by the
operator Laplacian.

5 Edge’s Methods.

EDGE finds edges in intensities of the image. EDGE takes an intensity or a binary
image and returns a binary image BW of the same size that where the function finds
edges. EDGE supports six different methods that find edge:

The Sobel method finds edges that use the approximation Sobel to the derivative.
This returns edges in those points where the gradient of I is the maximum.
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The Prewitt method finds edges that use the approximation Prewitt to the
derivative. This returns edges in those points where the gradient of I is the maximum.

The Roberts method finds edges that use the approximation Roberts to the
derivative. This returns edges in those points where the gradient of me is the
maximum.

The Laplacian of Gaussian method finds edges for search cross zero after the
filtration | with a Laplacian of Gaussian filter.

The method Zero-cross-country race finds edges looking for crossings for zero
after the filtration 1 with a filter that you specify. The method Canny finds edges of
the local maxim of the gradient of L. The gradient is calculated using the derivative of
a Gaussian filter. The method uses two thresholds, to discover strong and weak edges,
and includes the weak edges in the exit only if they are connected to strong cdges.
This method is therefore less probable than the others to be "cheated" by the noise,
and more probably to discover real weak edges.

The parametcrs that are possible to give differ according to the method that you
specify. If there is no specified method EDGE, it uscs the method Sobel.

>, -
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tation: a) Healthy blood cell. b) Blood cell with ALL
6 am

The histogram is the representation of the density of probability of every value of
grey for this image.

Both the histogram, and the hie histogram equalization, are vectors.
Equalizer the Histogram is to do everything possible to tlat and separate everything.
This is what the pixels do to distribute a whole range of values (from 0 to 255) and
that in the image equalized will highlight details that before were not evident.

To generate an image with the histogram equalized several steps are needed:
The histogram of the image is calculated
To normalize the histogram (to divide it between the total number of pixels).
To calculate the histogram accumulated (the pixels to be added from the
value 0 to 255, this will originate an increasing graph)
4. The application of the algorithm (since it is a question of counterfoils, it

must be inside two sheltered curls):

W I
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For values of the original image different from zero:

Imagen_ecualizada (i, j) = histograma_acumulado (imagen_original (i, j)) (3)
For cqual values of the original image to zero:
Imagen_ccualizada (i, j) = histograma_acumulado (imagen_original (i, j) +1) (4)

Where what goes in brackets is the index, or indexcs, of every pixel of the image or
of every valuce of the histogram. This way " original_image (i. j) " comes to indicate
the index of the vector of the accumulated corresponding histogram. Hereby it is
assigned to cvery pixel of the image equalized (or image with the histogram
equalized) the density of accumulated probability corresponding to the value of the
pixcl of the original image. As this algorithm is done for Mat lab, and as Mat lab does
not handle cqual indexes to zero, it is considered that the histogram goes from | to
256. instead of 0 to 255. This way the density of probability of the value zero will be
the one that is in the index 1 in the vector of the histogram.
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Fig. 9. Histogram of the blood ccll with ALL of six methods Edge.

7 Morphologic operations

One of the operations mostly used in vision on images before binarizadas is the
morphologic operations. The morphologic operations are operations realized on
binary images based in forms. These operations take a binary image as an entry
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returning an image also binary. The value of every pixel of the binary image is based
on the value of the corresponding pixel of the original binary image and of its
neighbors. Then choosing appropriately the form of the neighbors to consider,
morphologic operations sensitive to a form can be constructed.

The principal morphologic operations are the cxpansion and the crosion. The
operation of expansion adds pixels in the borders of the objects, while the erosion
removes them. In both operations like | mention there is a grid used that determines
neighboring, which of the central clement of the grid will be born in mind for the
determination of the proved pixel. The grid is a checkered arrangement that contains
some and zeros, in the places that it contains some will be the ncighbors of the
original image with regard to the central pixel, which will be taken in consideration to
determine the pixel of the image, whereas the places that have zeros will not be born
in mind.

ImageR=erode (ImageS,w); (5)
ImageR=dilate (ImageS,w); (6)

The image shows graphically the effect of the grid on the original image and the

result in the final image.
Since it shows the figure only of the yellow pixels in the original image take part in

the determination of the red pixel of the image that is finally revealed.

Momphology
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Fig. 9. Morphology: a) Healthy blood cell. b) Blood cell with ALL

Fig. 10. Comparison Image Segmentation: a) Healthy blood cell. b) Blood cell with ALL
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8 Characteristic

Table. 1. Scales for the detection of the ALL morphologic classification of the ALL

Characteri LI L2 L3 Mathematical
stic Form
Cellular Small Big Big Area or
size perimeter
Cromatina Thin Thin Thin Texture or
nuclear histogram
Forms of Regular can Irregular Irregular Circularity
the nucleus have cracks can have can have
cracks cracks
Nucleus Indistinguible Big Big Area or
Nucleus Nucleus perimeter
prominent prominent
Cytoplas Scanty Abundant Abundant Area or
m perimeter

Some formulas that we can use:
® Nucleus and Cytoplasm area,

area =" 3" seg(i, j)
i (7)

where seg(iy) are pixels of segmented object.

®  Perimeter: The perimeter is the sum of the pixels of the contour of the
object.

e  Circularity:
+1-area
perimeter

Ciraulariry =
)

In our work we nced an algorithm that helps us to classify the cells that are going
to use the method of the diffuse logic. The diffuse logic is a technology of the
computer like intclligence that allows to manipulate information with high degree of
imprecision, it differs from the conventional logic that works with definite well and
precise information.
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9 Fuzzy Logic.

WHAT IS THE Fuzzy LOGIC? The fuzzy logic is a methodology that provides a
simple and elegant way of obtaining a conclusion from information of vague,
ambiguous, vague entry that is incomplete, in general the fuzzy logic imitatcs how a
persona takes decisions based on information with the mentioned characteristics. One
of the advantages of the fuzzy logic is the possibility of implementing systems based
on both hardware and software or in combination of both.

Normal Cell: 10-20 u didmetro. L1 Narma! L2
L1: -20% T\ /
L2: +20% \ SN/

10 15 20

10 Conclusion

We used two types of cells, a healthy cell and a cell with ALL. This way we could
observe the differences between one and the other.
We considered six methods of segmentation for each of the cells, we also applied the
morphology for each one.

We saw that the method Edge is not sufficient for the segmentation of the image
with ALL, so I have decided to use another method (Histogram Equalization).

We are working on the extraction of characteristics of the cells this way we can
implement the diffuse logic, the different diffuse sets are realized. '

In the method of segmentation we use the function EDGE which has six methods:
Sobel, Prewitt. Roberts, Laplacian of Gaussian, Zero-cross-country race and Canny.

We observed that the Canny method is the one that preserves more details, this
way in the process of classification and recognition we are going to have a major
certainty of analysis for it, [ use the histogram of the images.

The part of the morphology is used to have a contrast of sufficient bottom; it is still
necessary to improve some details to this part. we are still working on the extraction
of characteristics of the cells, this way we can implement the Diffuse Logic, the

different diffuse sets are realized.
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Abstract. The Architectural Patterns for Parallel Programming are de-
scriptions of the lindamental organizational features of common top-
level coordinations observed in parallel software systems. They represent
a means to capture and express experience in the design and develop-
ment process of parallel software. Nevertheless, by now. these software
patterns have been described in informal terms. in which very little can
be stated about the properties present in the final parallel software Sys-
tem.

The present paper presents an initial approach for studying and doc-
umenting logical properties of an architectural pattern for parallel pro-
gramming. In particular. the objective here is to formally verify the prop-
erty known as “absence of deadlock™ for the Manager-Workers pattern,
a widely used architectural pattern for parallel programming, by means
of formal verification using CCS and je-calculus. The aim is to establish
under what conditions this architectural pattern is deadlock-free. and
whether this formal verification can be ported later to other Architec-
tural Patterns for Parallel Programming.'

Key words: Formal Verification, Absence of Deadlock, Manager-Workers
pattern.

1 Introduction

Software patterns describe in a very general and abstract way a general problem
in software design. and link it with a particular structure of software components
that solve the general problem [3,1]. Among all the software patterns. and in the
area of parallel programming. the Architectural Patterns for Parallel Program-
ming have been proposed as the fundamental oryanizational descriptions of the
common top-level structure observed in a group of parallel software systems [8.
9]. They can be viewed as templates. expressing and specilying some structural
properties of their communication and synchronization subsystems. and the re-
sponsibilities and relationships between them. The selection of an architectural
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pattern for parallel programming is considered to be a fundamental decision
during the design of the overall coordination of a parallel software system [9)].

Architectural Patterns for Parallel Programming are defined and classified
according to the requirements ol order of data and operations. and the nature
of their processing components. Requirements of order dictate the way in which
parallel computation has to be performed. and therefore, impact on the software

design [8.9].

Nevertheless. even though these architectural patterns have served as guid-
ance to the software designer or engineer. they still remain as a documented
informal description about how to partition and communicate a problem among
several parallel software components. In these terms. it would be advantageous
to have further information about the performance and logic properties of the

resulting parallel software system.

The objective of the present paper is to provide a formal verification that an
important logical property of concurrency. namely the “absence of deadlock™. is
present in the Manager-Workers pattern (MW pattern hereafter). as an instance
of an architectural pattern for parallel programming. For this. the MW pattern
will be expressed as a CCS process [7] and absence of deadlock will be repre-
sented by a modal-mu calculus formula [5] satisfied by the process. The aim is
to establish the conditions under which the MWV pattern is deadlock-free, and if
such a formal verification technique can be ported later to other Architectural
Patterns for Parallel Programming. For our purposes here. deadlock is defined
as the situation in which no process can take any further action but, at the same

time. at least a process has a pending task [13].
[12] applied a similar approach to verification of mutual exclusion in parallel

algorithms.

2 The Manager-workers pattern

The MW pattern is a variant of the Master-Slave pattern [3] for parallel systems,
considering an activity parallelism approach where the same operations are per-
formed on ordered data. The variation is based on the fact that components
of this pattern are proactive rather than reactive. Each processing component
simultaneously performs the same operations. independent of the processing ac-
tivity of other components. An important feature is to preserve the order of data

[8.9].

The MW pattern has multiple data sets processed at the same time. So, a
MW structure is composed of a manager component and a group of identical
worker components. The manager is responsible of preserving the order of data.
On the other hand. each worker is capable of performing the same independent
computation on different pieces of data. It repeatedly seeks a task to perform.
performs it and repeats: when no tasks remain, the program is finished. The
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execution model is the same. independent of the number of workers (at least
one). If tasks are distributed at run time. the structure is naturally load balanced:
while a worker is busy with a heavy task, another may performm several shorter
tasks. This distribution of tasks at runtime copes with the fact that data pieces
may exhibit different size. To preserve data integrity. the manager program takes

care of what part of the data has been operated on. and what remains to be
computed by the workers [8.9].

2.1 Structure

The Manager-Workers pattern is represented as a manager. preserving the or-
der of data and controlling a group of processing elements or workers. Usually,
only one manager and several identical worker components simultaneously ex-
ist and process during the execution time. In this architectural pattern, the
same operation is simultancously applied in effect to different pieces of data
by worker components. Conceptually, workers have access to different pieces of

data. Operations in each worker component are independent of operations in
other components.

The structure of this pattern involves a central manager that distributes data
among workers by request. Therefore, the solution is presented as a centralized
network. the manager being the central common component. An Object Dia-

gram. representing the network of elements that follows the Manager-Workers
structure is shown in Figure 1.

‘Workerl ‘Worker2 | ‘Workern

Fig. 1. Object Diagram of the Manager-Workers pattern.

2.2 Participants

— Manager. The responsibilities of a manager are to create a number of workers,

to partition work among them, to start up their execution, and to compute
the overall result from the sub-results from the workers.
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— Worker. The responsibility of a worker is to seek for a task. to implement
the computation in the form of a set of operations required, and to perform

the computation.

2.3 Dynamics

A typical scenario to describe the run-time behavior of the Manager-Worker pat-
tern is presented. where all participants are simultaneously active. Every worker
performs the same operation on its available piece of data. As soon as it finishes
processing. it returns a result to the manager. requiring more data. Communi-
cations are restricted hetween the manager and each worker. No communication

hetween workers is allowed (Figure 2).

[ MMenager | | wyWorker | | WyWorker
T

L Data =
L Data
Op.

¥

Data

L y Data
Op.

L E

GFLF.'Q’.

[ Resuit |

Data o
Op.

L

Fig. 2. Interaction Diagram of the Manager-Workers pattern.

In this scenario. the steps to perform a set of computations is as follows:
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L. All participants are created. and wait until a computation is required to the

manager. When data is available to the manager. this divides it, sending
data pieces by request to cach waiting worker.

Each worker receives the data and starts processing an operation Op. on
it. This operation is independent of the operations on other workers. When
the worker finishes processing. it returns a result to the manager. and then.

requests for more data. If there is still data to be operated, the process
repeats.

The manager is usually replying to requests of data from the workers or
receiving their partial results. Once all data pieces have been processed. the
manager assembles a total result from the partial results and the program
finishes. The non-serviced requests of data from the workers are ignored.

3 CCS

Milner designed the Caleulus of Communicating Systems [7] for modelling con-

currency in systems that communicate in a message-passing synchronous style.
Message are sent via two-end channels. Access to chanunels can be open or re-

stricted. A message is consumed once communication has taken place and there-
fore is no longer available to anybody else.

Formally speaking, we have a countable set of chaunels o, 3, «, aq, ...The
basic actions are

— sending a message: alm. where a is a channel:
— receiving a message: a?mn:

— synchronous communication between process without any disclosure to out-
siders: 7.

Let us denote by the variables A, A" any of the first two types of actions. If
A is the action a?m. then X is the complementary action alin and viceversa.

Processes are made out of basic actions and the simple process nil com-
pounded by prefizing by basic actions, non-deterministic choice, purallel compo-
sition, restriction of channels and relabelling of channels. In BNF:

pu=nil| A.p|(p+p)| (0l p) | P\L| p[f],

where L is a set of channels and f is a one-to-one mapping of channels.
Finally. a process can be defined recursively by an equation

N =gt p

where NV is a name and P is a process in the above grammar (possibly containing
instances of the name NN).

The semantics of CCS is usually expressed in terms of structural operational
semantic rules [11] with labelled transitions:
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Prefixed process

A.p—"—)p

Choice

A A
p—>q r—aq

(p+r) g (p+r)—q
Parallel composition

A A A b 4
Po = Pl P~ Py Po—Py P1L— D)

-
po ll pr =Py |l 1 po |l pr = po || P4 ro ll 1 —pp |l P}

Channel restriction

A
P29 a¢LUL
P\L —q¢\L

Channel relabelling

])-A)(]

) EX qls)

Recursively defined processes

A
p—q

Pi)q

where P =cr p.

3.1 Manager-Workers in CCS

Our translation of the Manager-Workers pattern to CCS focuses on the messages
sent from the manager to assign a task, and the results sent back by the worker.
The specific task performed for the worker can be left unspecified.

The components of the main process (represented by Al) will be as follows:
(a) a task being assigned (represented by 7'): (b) the worker which receives the
assignment (represented by W) (¢) the assignment itself (represented by A).
Subscripts will be used to distinguish between different workers and tasks.

Wi =qger (i?m . P .ol . nil)
T; =gt (i'm.a?m . 4A;)

A,: =def (T, || “’3‘_)\{(1‘,‘} + nil
M =4 C || (AL |-+ || An)
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A further explanation is needed:

Worker 1V; is expecting through chaunnel «; an assignment. When this hap-
pens, it proceeds to perform the task. which is represented by the unspecified
process P. The only condition we will assume later is that P is deadlock free
itsell. For this assumption to be realistic. P should not depend on any ex-
ternal synchronizing event. Then the result is sent back through the same
channel.

Task T; contains the complementary communication actions of 1V;. Once a
task is finished control is handed over to the assignment process.
Assignment /; can choose either calling in a task and a worker to perform
it. or consider the work done and become nil. Observe how channel «; is
restricted in order to guarantee integrity of the communication with ;.

A is the manager creating tasks and combining results in process C., while
in parallel assigns tasks to different workers. Please do note that C is also

left unspecified and again the only condition required is that C is deadlock
free.

A final but important remark: this translation has made explicit important
facts about synchronization between actions from manager and workers which

by no means were stated in the English description of this pattern and that will
be critical to have a deadlock free system (as it will be proved later).

4 Model Checking

For expressing properties of processes we will be using a version of modal -
calculus extended with special constants [5]. pe-calculus is a propositional multi-
modal logic with an additional least-fixed point operator for recursive formulas.
The modal propositional part of the language is essentially Hennessy-Milner
logic [6].

ji-calculus has as atomic propositions the logical constants V' y F (we will

add some more atomic propositions later). The modalities in HML are labelled
by CCS basic actions. In BNF:

Du:=V|F|-D|DVD|DAD|\ND|{(:\D|uX.D

We can add the following abreviations:

[’\]D =def —‘(’\)_'D []D =def _‘(')—‘D
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We define inductivevly the satisfaction relation = between CCS processes
and HML formulas:
pEV Vp € CCS
PEF Vp € CCS
pEWD iff I .p-p AP ED
pEOD Wf A PP AP ED
pEND ilf v .p—i+p' =pke=D
pEI[-]D iff V' A.p=p = p' =D
pEpX.Dilf pE Dix.=ux. D)

For instance. the process (a?m . nil) || (3'n . nil) satisfies formula (a?m)[-]V
because )
(@?m . nil) || (B . nil) == nil || (3!n . nil)
and the latter process can perform only one action and therefore the only possible
transition is '
nil || (3'n . nil) 2 il || nal

and nil || nil = V. On the other hand. the same process does not satisfy
[-]{a?m) V. for if it performs firstly the transtion (and we are obliged to take
into account every possibility by the operator [-])

(a?mn . nil) || (3n . nil) @ il | (B . nil)

we will have

nil || (B!n . nil) = (a?m) V.

4.1 Formal properties

The other side of model checking verification requires to express the desired/
undesired properties as formulas in a logical language. In this case, we need to
express deadlock as a HML formula. Following [13], we introcuce a new atomic
formula satisfied by processes with no pending tasks.

nil = terminal

A.p [ terminal

p+q [ terminal if p |= terminal and q = terminal
P+ q £ terminal otherwise

p | ¢ E terminal if p |= terminal A q = terminal
P\L [ terminal if p = terminal

plf] [ terminalif p |= terminal

Our working deadlock definition implies that there is no possible action that can
be performed and yet the process still has pending tasks. For the first part, a
process capable of no action will satisfy trivially the formula [-]F. But if the



81 Jorge Luis Ortega-Arjona and Francisco Herndandez-Quiroz

process has not terminated yet it will not satisfy terminal. Then deadlock can
be defined by

dead =yc¢ ([-]F A ~terminal).

Nevertheless, this formula represents the fact of the process that already has
reached deadlock. We want. to say that a process can or cannot deadlock now

or in the future (ie. after performing a certain number of actions). For this, we
need the recursive formula

e-dead =gor nX . (dead Vv (-} X).

A process satisfying this formula may eventually deadlock. In the following we
will check our translation of the MW pattern.

4.2 Deadlock absence for MW

Let us see now where our Manager-Workers representations stand regarding
eventual deadlock. We need to answer

M | e-dead?

According to the rules for recursive formulas. this is equivalent to

M k= dead V (-) e-dead?

Being a disjunction we need both disjuncts. Let us start with dead, that is
M = [-]F A =terminal?

Assuming C is deadlock free we can focus on the component (A; || --- || An)
and check whether

(Ay || +++ || An) E [ ]F A =terminal.

We have two cases: (a) nil is chosen in each instance of A; and we end up trivially
with a collection of nik (b) at least one of the assignments launches an instance
of (T || W3).

In case (a), (ni || -+ || nil) is equivalent to nil and although nil = [-]F, by
definition nil = terminal and then nil = dead.

In case (b). by virtue of the rules of structural operational semantics

(T; | W) = (a?m . A;) || (P.ahm . nil)

which means that

(Ap [ -+ (T | Wi) || An) B[] F and
(Ap || -+ (T | W5) || An) B ~terminal

and therefore
M~ dead.
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What about the other side of the disjunction. namely (-) e-dead? Applying again
the rule for recursive formulas, we are asking the question

M = (Ydead Vv () () e-dead?

Let us consider again the first disjunct. As before. we are faced with the question

(Ay || -+ || An) E= () dead,

and again we can have the two cases (a) and (b). In case (a)
(nil || - -+ || nil) & (-) dead,

this time by definition of |= for the operator () (as there is no possible action).
Suppose now that a process A; chooses to launch an instance of (7; || W;).
Following a similar argument as before. we have to answer now the question

(Ay Il - (T; || W3) | An) k= () dead?

Again. we apply the rules of structural operational semantics

(T; | Wi) = (@?m . A;) || (P . elm . nil)
(.-ll " .. -(Ti " 1) " An) —r—)(z[[ " ‘e ((n?m . Aj) " (P .aln . nil)) || A")

and the rules of = pose now the question

(Ay || -+ ((@?m . Ai) || (P . alin . nil)) Il Ay) E dead?
Given that P is deadlock-free and does not require any external communication
event we now that

(a?m . A;) || (P . alm) S *(a?n . A;) || (@lm . nil) and
(a?m . A;) || (alm . nil) 3 A; || nil

ie. the process can perform at least one action and therefore, as before,

(Ap || -+ ((@?m . ;) || (P.alm)) || An) & dead.

This again resolves the left-hand side of the second disjunction, and we have to
look at (-)(-) dead which is tantamount to

M E () (-)dead V () (-){-) e-dead.

Following the previous line of reasoning we will be considering either the question
(A |l -+ (A; || nél) || An) = dead?

which we have already answer on the negative.

But again we will have to consider a new right-hand side disjunct. This can
lead us to think this process will never end. However. it is not difficult to see
by now that the new questions posed can he reduced to one of the previously
considered. no matter how many times a task and its corresponding worker is

launched. Therefore it is safe to state that

M = e-dead.
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5 Conclusions and Future Work

We have shown a way of translating a natural language description of the MW
pattern into a syntactic construction of a formal language. This translation
helped to expose and solve some vagueness implicit in the original description
and it also made explicit decisions of synchronization previously left to applica-
tion phase of the pattern.

The new formulation of the MW pattern was proved to comply with the prop-
erty of deadlock absence. For this we used (an instance of) the modal j-caleulus
and standard model checking techniques. So we can ascertain that a system
based on this formulation of the MW pattern will be deadlock-free (provided
the additional assumptions stated here are also met),

The MW pattern is a very general one and it can be specialized into more
particular patterns according to specific decisions related to coordination order.
discipline of communication or any other consideratio deemed relevant. Future
work should consider these variants in order to prove that they are also deadlock
free. '

Absence of deadlock can be defined differently, as iy [L.2]. Different defini-
tions may require dilferent formulas in g-caleulus and either a proof of equiva-
lence or inclusion between them or separate proofs of deadlock absence.

Finally. we hope we have shown the utility of this method and how it can be
applied to other Architectural Patterns for Parallel Programming.
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Abstract. Nowadays, management of patients in hospitals and clinics is
automated by computer systems. Nevertheless, the patients no have a direct
participation in this process. If paticnts would have a digital medic camet,
stored in his/her cell phone, other clinics and hospitals could explore this
information, facilitating diagnosis and medical treatments. We propose a web
and mobile system based on digital medic camet stored into cell phone. The
medic camet will be available for doctors and patients using Bluctooth
communication from a computer or cell phone. Ontology is designed to assist
doctors in the diagnosis and treatment of discases, and 10 assign a specialist
according to ailment and previous diagnosis. The Medical camet represents the
clinic history of patient, it will be available for paramedics. and will be very
useful in emergency cases, when is required to provide immediate medical
attention. Then, ontology proposes treatments according 0 possible allergies
and sufferings of the patient. The administration and management of the
patient's medical history is done through a web application. Were tested
Bluctooth communication among cell phones, cell phones-computer and
computers-computers. The main contribution is the integration of semantic
similarity in a mobile and web application oriented to doctors and patients.

Keywords: Mobile software, Ontology. Management patients, Bluetooth
communication.

1 Introduction

Presently, Bluetooth technology has become the most popular media for sharing
information between mobile devices, cell phones, computers and other software
applications. In addition, the mobile software has been consolidated. including
applications addressed not only to communicate to people, but also for entertainment.
assistance, clectronic commerce and to store personal information of user (even
private and confidential). In this direction, the documents of common use. such as
identification and medical carnets which contains medical history of user and
affiliation to a hospital. The information contained in this document is available only
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when people visit doctor or hospital. Therefore, a mobile soltware for management a
medical camnet. would be casier achieve tasks of diagnosis, treatinent and monitoring
in casc of accidents. where information can be accessed cven when the patient is
unable to provide this information to paramedics, because scrious psychological
trauma that causes an accident.

In addition. software installed into cell phone that be the cquivalent in use and
usefulness of the paper medical carnet represents several benefits. In this sense,
according to INEGL, 61% of the familics in Mexico alrcady have cell phones [1].
Moreover. considering ontologies development and semantic processing let to
offer solutions, suggestions, and cven assist into making deccisions in the
medical ficld and hospitals. From diagnosis to suggested trcatments according
to patient's medical history. The system presented uses the capabilitics and
technologies for mobile devices to create an clectronic medical carnet that is
stored on mobile devices. and can be accessed via Bluetooth, and Web by a
paramedic, in case of an emergency. System offers suggestions of doctors
who can treat a patient and other treatments that can be applied to a patient.

This is the main motivation of our work, the integration of wireless
communications, mobile software, representations of knowledge such as ontologies,
and the consolidation of the web to provide a solution for patients and doctors in
clinics and hospitals in tasks of diagnosis and treatment.

2 Problem statement

Today, medics and paramedics face scveral problems, one of them is to provide
adequate care when no information about the patient is available, in cases where a
patient suffers an accident or he/she cannot provide this information. The protocol
indicates that before trcating the patient, the paramedic must make a series of
questions to offer a diagnosis of patient condition and to know previous suffering or
medical conditions that may require special treatment. But at least two cases are not
considered: when patient does not know all his/her medical data. then it results that
information can be wrong or incomplete, the second one occurs in accidents, where
persons loses the ability to communicate. in this case, paramedics are forced to work
on uncertainty, risking the life of person: any decision of paramedic could be
counterproductive for the patient. Therefore, in these cases, a system would be useful,
if this provides the information necessary to offer a safe and effective treatment to the

patient; this is part of our proposal.

3 State of art

The development of mobile applications addressed to health care has started with
other systems, such as “Primary care plus ambulatory and Hospital Care Suite (PCP)”
[2] which is a suite that let to see medical information on Palm 0S, Windows Mobile,
or Internet. There is also the case “Emedic” is a medical encyclopedia. While in [3]
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people who have a 3G mobile device may have their medical records (including x-

rays, records of pressure, ctc.) disadvantage is the cost of these devices and the cost of
mobile application.

The communication system “Vocera™ [4], developed in St.Vincent hospital,
Birmingham, USA. It is a communicator badge system lor mobile users with a push-
to-call button, a small text screen and voice-dialing capabilities based on speech
recognition. Morcover, the “Context-aware mobile communication™ [5]. developed in
Mexico provide contextual messaging, for example. “a message for room 226 to any
doctor, delivery time for the message today after 2 p.m.”. while that “Intelligent
hospital software™ [6] provide remote query. tracking of patients and equipment,
notilication of awarcness and patient data. an experimental prototype is implemented
with function for starting an audio-video conference from the nearest point. Doctors
are localized, are notificd of the call. This prototype is presented as a demonstrator of
the middleware platform QoS DREAM, for reconligurable multimedia strecaming and
cvent-based programming. The first two applications only serve as reference for the
diagnosis; the third has the patient information, however, the disadvantage that mobile
devices should be 3G. In contrast our system can be used in any system that supports
Java J2ME technology and JSR82 specification.

4 Methodology

Our methodology is a system composed of three applications: 1) A mobile application
for patients and doctors 2) A web application to medical management in hospitals 3)
an ontological module for assisting doctors in diagnosis tasks and treating diseases.

The former has the ability to store. send and receive medical cards via Bluctooth.
Later, the medic carncts will be available by Web application. An ontology that stores
concepts: patients, doctors, discases, diagnosis and trcatment received by patient. The
system architecture consists of three modules, the module that resides in the hospital
where administrators, paramedics and patients are registered. In addition. the ID card
of paramedic and medical carnet of patient are transferred to their respective cellular
phones. In addition, save reports generated on the paramedic cell phone. these are
received by the hospital terminal via Bluctooth. The second one and third module are
mobile applications that are installed in cell phones of paramedics and patients
respectively. These are shown in Figure 1.
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Fig. 1. Framework of system

As shown in Figure 1 we have three modules: the mobile module for patient and
doctor. the web module and the module ontological. The web system module
manages user information, classifying them as administrators, paramedics and
patients. Registration of a paramedic or a patient is achieved by gencrating an XML
ID card which is sent to cell phone of patient. When a modification on card occurs,
then administrator can update the carnet stored into his/her cell phone. The process of
sending and receiving data by Bluetooth is made through the mobile module.
paramedics make reports, starting session by sending ID card by Bluetooth, then
patient files can be transferred. as well as medical records, events attended and care
provided to patients.

The mobile module requires the establishment of Bluctooth communication search
for services is performed in hidden mode for mobile phones and not in other devices
to reduce the time of connection cstablishment. In this scenario to resolve the
potential conflict posed by the existence of several cell phones that have the same
application surround of paramedics, then, only the paramedic will activate the
application manager on cell phone of patient, by sending a password. It provides
confidentiality of the information and ensures that only will be obtained the patient's
medical history data.

The ontology module processes semantically the information contained into mobile
database and from web database. The ontology contains concepts related to patients
and their ailments, and relationships among patients and doctors according to certain
discase. The semantic processing of these concepts and relationships let offer two
functions: 1) suggestions in the medical diagnostics (processing the semantic
similarity of medical treatment), 2) suggest a doctor or specialist according to
diagnosis that give the doctor (similarity in diagnosis). The ontology structure is show
in Figure 2.
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Fig. 2. Conceptual structure of Ontology.

The ontology was implemented in OWL and is explored using the SPARQL
language, and as shown in Figure 2. have six concepts are: Patient. Doctor, Specialist,
ailment, Medical diagnostic and treatment. Through the semantic relationships
between concepts (has and assigned) you can find doctors and specialists who have
examined a patient, what treatments have been applied, and sufferings undergone by
the patient. Finding similarities among treatments, and offer suggestions in the
medical diagnosis, and suggest a doctor or specialist according to medical historic.

Semantic processing is performed in two steps: 1) exploring the ontology to find
the requested concept, 2) Extracting context and semantic relationships among
concepts are processed.

To explain these steps, we consider the ontological module functions. where the
first one is to determine the semantic similarity in medical treatments, for offering
suggestions in diagnosis tasks.

For the first step, suppose we scarch: "ailment", ontology is explored from the
parent node until you find the concept associated to "ailment". When this is found,
second step is applied. which extracts the context of the concept searched. in this case
is ailment (the context are the concepts associated by relationships "has” and
"assigned"). Then, assigned relationship lets know what medical treatments have
been applied to other patients. While the semantic relationship "has" lets to get other
patients that have suffered the same disease. Then you can compare the treatments
applied to other patients to find semantic similarities between them (e.g. the chemical
substance of different medicaments used in treatments). Moreover, the system
indicates when scveral patients have been reported with the same disease in a short
time range (days or hours), indicating that it may be an epidemic.

Now, we explain the semantic processing for the second function of the ontological
module, which is the similarity in diagnosis, e.g. to recommend a doctor or specialist
according to diagnosis evaluated by another doctor. This process is to know which
doctors or specialists have treated several patients. Therefore, we explore the ontology
to find the concept associated with a doctor, if it is found. patients associated with that
doctor are extracted, and if exists the specialists that have examined the patient. We
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compared the diagnosis given by each doctor to cach one of these patients and if exist
a similarity suggests which specialist or doctor is the indicated.

The system displays in graphical form the associations among these concepts to
assist in decision making by medical staff and view description of cach instance
associated with the concept (e.g. Dr. Perez associated with the concept Doctor). In the
next section the results are shown.

5 Experiments and Results

The experiments were performed using cell phones Sony Ericsson w580 and
Motorola 810. According to the following roles of user: patients, doctors or
paramedic. We started by explaining the functions addressed to patients for mobile
and web. The first test was to register a user (administrator, paramedic or patient) for
them to logon and typing the required data into a web form, as shown in Figure 3.
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Fig. 3. User registration on Web

After user has been registered a identification card (ID) is gencrated and it is sent
by Bluctooth to cell phone of user, the result of this operation is shown in Figure 4.
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Fig. 4. Medical camet reception

As shown in Figure 2, data from the medical card is received and displayed on the
user's cell phone. Now we explain the testing for role of user: doctors. In this case the
patient's medical card is explored from a Web form where the doctor can know the
various treatments that have been applied to patients for a specific disease. This query
is not processed from a database, but is performed through the SPARQL language
using the concepts stored in the ontology. The difference is that the concepts are
structured for performance the role of a medical assistant. The results displayed will
facilitate the decision making according to treatment assigned to patients. The web
interface of this process is shown in Figure 5.

Fig. 5. Similarity by medical treatment

As shown in Figure 5, the relationship between patients and doctors are shown, and
when a patient is selected, the various medical treatment received (medical history)
are displayed, morcover. shows the related patients, e.g. patients with discases in
common and have been treated by the same or doctors or specialists. The treatments
are compared conceptually (semantic similarity) For example, medicaments can be
supplied with different names but they containing the same chemical substance) that
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can find out by semantic similarity, where the ontology is assisted by a taxonomy of
medicaments and chemical substances. The concepts of such medicaments have
instances (chemicals substances). Thus, according to the degree of similarity between
medicaments and treatments provided to assigned patients. The system gives
suggestions on treatments for a particular discase.

Another function offered by the system is to suggest a specialist or physician for a
particular disease, according to the diagnosis given by doctor who reviewed. This
compares assigned diagnosis and treatments for a discase, in different patients. Figure
6 shows the interface for this process.
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Fig. 6. Suggestion of a medico or specialist

The comparison of diagnoses and treatments were performed by identifying the

same disease in different patients, compare the concepts representing the treatment
and diagnosis. if a matching is found the doctors or specialists associated with them
are suggested as candidates appropriate to treat the patient.
Moreover, the patient registration needs to provide medical information to be stored
into medical carnet. Personal data arc entered and information about discases and
allergies of patient. After patient registration the carnet is generated and sent to
his/her cell phone. When paramedic is on a emergency, he establishes communication
with the patient's cell phone and access to patient's carnet, generating the
corresponding report, according to vital signs, treatments provided. and the material
used. Applications installed on the cell phones of the paramedic and patient using a
security code required to ensure safety in the transfer of confidential information. This
is shown in Figure 7.
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Fig. 7. Carnet transferring

Furthermore, reports include register vital signs such as temperature and pressure
Additionally, the medicines and materials used in the event. To complete the report
paramedics provides the location data of the event. This is shown in Figure 8

Fig. 8. Report view

In addition, paramedics can enter their reports to the system and to query
previous reports. The session is started with Bluetooth communication by sending the
digital 1D, and SSL protocol to increase system security. Figure 7 shows the result of
the transfer and registration of a report in the web application.



Medical Carnet for Management of Patients Driven by Ontologies 94

Transferit ¥y Ragizlar Raportets) Generadocsy en ¢ Movil

A AMLELENE & PRl P AR PR i B At Tl P Yl ¥ oar DI RE b s

Witimen de 13 Pprr,

Hesade ded poguattr § LoBee 20, M gl ahs Lol lent minie

Ag eprtw

Fig. 9. Report transfer

6 Conclusions

We present a system to manage the patient’s medical history and treatments received
by using a digital medical carnet. Provide suggestions for possible treatments and
which doctors and specialists are recommended to treat paticnts. This process is
supported by the semantic similarity. Ontologies contain concepts that represent
diseases. treatments. and the relationships among thesc, patients and doctors. The
patient's medical card (medical history) is transferred via Bluctooth. The results were
as expected according to the functionality and operation of a traditional medical card
(on paper) which is used in clinics and hospitals. Also, the suggestions and
recommendations of doctors and treatments facilitate decision-making to doctors and

specialists in clinics and hospitals
According to the results consider the following future work:

«  Extend the use of digital signatures to documents used across mobile and web

applications.

» Integration of other mobile devices with Bluetooth to monitoring the condition
of a patient.

* Include more concepts and relationships in the ontology to be able to pre-
diagnosis

« Include a model of semantic processing in the cell phone to make suggestions
of doctors and treatments through a mobile application.
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Abstract. An innovative method to design a high dynamic range ADC is
described. The ADC was developed to acquire audio samples for community
noise monitoring with frequencies from 20Hz to 11kHz and a dynamic range
which goes from 40dBsp to 140dByp . This ADC module was created to have
ADC boards which can be produced nationally with the same performance as
imported boards but a lower price. By using low resolution ADCs, some analog
amplification and filtering stages. and a concatenation algorithm. a good
performance and cost efficient audio sampling module has been built for audio
level calculations. In order to guarantee the signal readability a logarithmic
legibility formula is introduced. A series of tests with different frequencies and
dynamic ranges showed that the module can casily replace the current Sigma-
Delta ADC boards.

Keywords: high dynamic range, analog-to-digital converter. concatenation,
logarithmic legibility, audio sampling.

1 Introduction

ADCs are always evolving, specially the Sigma-Delta and the Sucesive
Approximation architectures. This is mainly because the communications and sensors
arcas requirc more precisc measurements with greater bandwidths. In the last few
years the dynamic range has improved at 1dB per year or | equivalent bit every 6
years [1]. Theoric dynamic range can be described as the ratio between the highest
amplitude and the smallest amplitude a signal has. Effective dynamic range is the
ratio between the highest amplitude and the signal-to-noise level an instrument has.

Noise pollution is a recent problem that affects people, psychologically and
physiologically, and noisc monitoring is being applied at certain spots in very
populated cities in order to know the noisc levels and to apply measures to reduce
them. The audio signals found in polluted cities have a dynamic range which goes
from 20pPa to 200Pa or more, according to what a human can hear. A sound of 200Pa
will damage a person's car almost immediately. The dynamic range of these signals
goes from 0dBgp to 140dBgpy, when calculated with formula (1):
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Advances in Computer Science and Engineering. Final version 19/05/10
Research Computing Science 45, 2010, pp. 97-107 Aceepted 14/05/10
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where: N, is the Sound Pressure Level. pems is the current pressure level and peey is the
reference pressure level which equals 20pPa.

These audio signals are measured with an IEPE microphone which features high
dynamic ranges (140dBsp;. or more) and excellent bandwidths (20Hz to 20kHz). The
clectric signal of the microphone is converted to a discrete signal by using ADC
modules. By designing an ADC module with high dynamic range features, further
innovations can be applicd to obtain a more affordable and full featured board for
noise monitoring applications. The theoric dynamic range of an ADC can be

calculated with formula (2):
ADC Dynamic Range =20log(2" J+1.76dB, (2)

where: n is the number of bits of binary resolution [3].
According to the dynamic range that sound has, and using formula (2), the number

of bits required from an ADC are:

1404B =20logR" }+1.764B

( 140dB —1.76dB 3)
2
n= 20 — =22 .96 bits =23 bits.
log2

There certainly are 24 bit ADCs in the market that feature an excellent conversion
performance. cspecially when they work with Sigma-Delta architectures [4]. The
main objective of this work was to obtain a new ADC architecture which could be
directly compared to cxisting stronger architectures and could be built by means of
common ADCs and analog electronic parts. without the nced of complex digital
signal processes, such as averaging and approximation, or special signal processing
algorithms such as the ones described in [1] and [5]. ,

In order to determine the bandwidth and dynamic range of the ADC, some
international standards such as [6] were studied and the features of some other
community noise monitors were analyzed [7]. These are the main features that the
ADC module had to accomplish (according to IEC 61672 Standard, class 2 of
sonometers): a 20Hz to 11kHz bandwidth, a sampling frequency of 22kSps, a
dynamic range of 140dBsp, 2 SNR of 40dBsp, 0.3dB of precision and an analog

input voltage up to 10Vy,.

2 Concatenated ADC Architecture

The Concatenated ADC amplification stages are depicted in Fig. 1. The signal is
amplified 16 times per stage. A low offset operational amplifier (OP177GP with
Vos<60pV) was used in order to avoid the offset from being amplified stage by stage
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and to prevent clipping at further stages. The fifth stage will always have a high
offset, so an anti-offset filter was added to attenuate this DC value.

HICO—E/ It —» |+25V D —»ADC 0

- Every stage has a gain. an anti-offset
"> |[ —’P’%—' 1 ~*ADC 1 filter. a polarity offset and an anti-

L~ aliasing filter. The first gain of 0.1768
was introduced to reduce the voltage

[~ . that the microplione delivers so that the
:;-} ..C 1 1 —APC2 fisst ADC could measure it; this

voltage can be as high as 14.14V,
when a sound level of 200Pa is present
(Wwith a microphone sensibility of

W S l{ —|- :SV | \ [*AOC3 30mV/Pa).
~

B~ %_. | \ |—+aADc4
o~ L

Fig. 1. Concatenated ADC amp lification stages.

It is important that the signal, which is amplified in every stage, keeps a low delay
between stages. I an anti-offset filter was added to the last stage, then the same filter
should be added to every previous stage to keep a constant delay between them. These
anti-offset filtcrs are high-pass with a I-order curve and a -3dB point at 20Hz.

Alfter the signal has been amplificd, a positive offset of 2.5V must be added to it so
that the unipolar ADCs can measure it within a range from 0V to 5V. An anti-aliasing
group of filters with a cutofT frequency at 1 1kHz are added Just before every ADC.

If the instantaneous signal is so low to be measured by the low resolution ADC in
the first stage, then the next measurement will be tested, now that the voltage is
greater than the one in the first stage. If the second ADC can't measure it, then the
third ADC should give it a try. And so on, until the fifth stage should be able to
measurc it.

In order to define when a voltage is measurable by an ADC or not, lineal and
logarithmic legibility should be calculated. Lineal legibility is the smallest
measurement that an ADC can present. It can be calculated by using lormula (4).

V
LC — mayx scale . 4
B, SR )

where: V¢ seale 18 the highest value that the ADC can measure and n is the number of
bits that the ADC has.
As a first approach, a 9 bit theoric ADC is chosen to determine if it can present

good legibilities. Its lineal legibility (also known as sensibility) is calculated with
formula (4):
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2.5¢v 5
"_,,,_l=4.89mV / bit, )

Logarithmic legibility is the smallest measurement in dB units that an ADC can
present and it is calculated by using formula (6).

Leg,, =20log(V,...... + Leg,) —20logV i vcure =

v +Leg,
Leg, =20 log( o ;;"‘" =
men seutle 7 (6)

where: Vimin scak is the smallest value to measure on the ADC lineal scale.
If Vigae scare 18 2.5V and @ Vigia seatle Value of (1/16)(Vmax seak) is chosen, then the
logarithmic legibility is as follows:

9 hY
156.25mV + :S—V

Leg .. =20lo 511 —0.26774B,
B 156.25mV (7

?

where 0.2677dB are smaller than the £0.3dB proposed for the logarithmic precision
of the ADC module. It is well known that most ADCs have noise in their 2 LSB
(differential and nonlinearity issues) and the logarithmic legibility can gct worsened
by that. By adding 2 bits of resolution to the ADC this problem can be avoided and
the Legyp can be improved:
N
156.25mV + 32,—

Leg . =20lo 2047 - (.0676dB.
Say 4T 156.25mV (8)

/

A resolution of 11 bits should be enough to guarantee a 0.3dBsp. precision on a
single polarity signal, but the microphone delivers positive and negative signals. To
add negative polarity support. an extra | MSB should be added to the ADC, requiring
then 12 bits of resolution. The ADCs chosen for this project were the MCP3201
produced by Microchip. The MCP3201 features an SAR architecturc with 12 bits of
resolution and 100kSps of sampling frequency.

Now that Legyp is guaranteed, Leg must be improved. Previous calculations
showed that a 9 bit ADC has a 4.89mV/bit legibility which is not enough to measure
the 100pV of a 40dBspy. signal (with a microphone sensibility of 50mV/Pa and 2mPa
of sound pressure). In order to improve the Legy the amplification stages are used.

If an instantancous voltage level in the first amplification stage is greater than 1/16,
then that level will be legible and the ADC can measure it with good Leggp, but if the
voltage is lower than 1/16, then the next ADC will have to measure it. Every stage has
the same legibility sct point at 1/16 as shown in Fig. 2. When the signal is taken from
the last stage, it is because its magnitude was lower than 3.05mPa. A level of 40dBgp,
or 2mPa is lower than the maximum scale at the last stage, therefore, a theoric
dynamic range of 40dBspy is guaranteed.
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A simultancous measurement has to be taken from every stage by every ADC. By
having 5 simultancous samples a legible sample can be chosen, so that the

instantancous signal doesn't change while the microcontroller is choosing an ADC
channel.

20CPa — -11€/16 12.5Pa — -1 16/11€ 0.78125Pa — -4 1€/16
Second
First sape : Thind stage
Acceptable Acceplable Acceptable
log:bility legibiity legubisty
zone zone zone
= Zone that Zone that Zone that
12.5Pa 1116 s 0.78125Pz :.ms prer e 48 8mPa ]me
OPa amplficator OPa ampificabor 0Pa amplficator
48.8mPa — 1 1€/16 3.05mPz — 1€/1€
Fourth
- Fifth stage
Acceptable Acceptable
leg:bility leg:bdity
zone zone
3.05mPz 1/1€¢ Zone that
] requires
OPa amplficatior 0Pa —1

Fig. 2. Amplification stages used in a Concatenated ADC.

Choosing a legible sample from all 5 channels is easily done. Considering that
every ADC has 2048 steps due to its binary resolution on one polarity, the non legible
zone is delimited by 1/16 of 2048. The ADC originally has 4096 steps, where the first

2048 contain the negative polarity signal, and the last 2048 ones contain the positive
one (sec Fig. 3).

—_— 4055
Leyble zone Pasitive A measurement of 2048 miarks the
polanty middle point of the whol» scale Ry
adding or substrachag 128 steps
— from the middle point, twolegitle
Mon legible 48 zcnes can b separated If the
zone vigm w2 Meawredlevel at cue ADCys
higher than 1920 or lowes than
2176, that would be a non legibls
Megalwe sample and the measuremant of the
Lagible zane polanty next ADC vall have to be taken
s u

Fig. 3. Legible zones in both polarities.
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Once that a legible sample has been found it can be concatenated into a higher
resolution sample by adding zeroes depending on which stage it was located and
taking advantage of the 2% gain. For instance, if a sample had a level of 2mPa it would
be located in the fifth stage as scen in Fig. 4 (a). The microcontroller will take the
measurement of the first stage and will determine if that level is lower than 1/16 of
the V,uax scale- It is known that every bit in a binary sample equals onc halfof a scale. If
the MSB is 1. the sample is located at the upper half, and if it's 0 it's located in the
lower half. The current measurement is lower than 1/16, and then the MSB will be 0.
The next bit represents a fourth of the scale, it will be a zero since the sample is still
lower than 1/4. The next two bits, the cighth and sixteenth portions will also be
zeroes. Now it is known that the first ADC does not have enough Legyp to measure
the sample.
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Fig. 4. Concatenation of a legible sample into non legible samples.

From stage | to stage 4, there will be 4 zeroes from every ADC and the last stage
will have 11 legible bits. According to these facts, a virtual improved resolution is
obtained depending on which stage contains the legible sample. The stage resolution
is showed in Fig. 4 (b). An extra MSB must be added to indicate the signal polarity;
therefore. a maximum of 28 bit virtual resolution can be obtained if a signal is located
at the fifth stage. The virtual lineal legibility is calculated as follows:

Leg, = w =105.36nV / bit, 9)
27
which is lower than the 100V that a 40dBsp, signal has.

The 12 bit resolution and the minimum scale voltage of 1/16 are a good
combination since 12 bit ADCs and an array of 5 amplification stages are easy to
implement. The greater the number of amplification stages implemented, the lower
ADC resolution is required. The greater the ADC resolution used, the smaller the
logarithmic legibility.

3 ADC Module Performance

Once that the ADC module was assembled. a series of dynamic range and bandwidth
tests were performed with a signal generator. An application was programmed with
Visual C# 2008 in order to connect the board via USB, stream the legible samples,
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calculate the cquivalent continuous sound level and plot the signals in time and
frequency domains. The [requency domain plot was calculated with regular windows
such as Hamming and Hanning, or the Nuttall high dynamic range window [(8].

Table | shows the frequency response of the module when tested with a 114dBsp.
signal. The -3dB frequency begins at 20Hz due to the anti-offset filter and the second
-3dB point is found at 1 1kHz according to the anti-aliasing filter (see Fig. 5). A 20Hz
to 1 1kHz bandwidth was achicved with an acceptable precision.

Table 1. ADC module frequency response.

Frequency (Hz) dB.,  Gain(dB) Frequency (Hz) dB.y Gain (dB)

10 10717 -6.83 K00 113.99 -0.01
20 1 -3 1000 113.99 -0.01
30 112.39 =161 1250 113.97 -0.03
50 113.32 -0.68 1600 113.93 -0.07
80 113.73 -027 2000 113.91 -0.09
100 113.84 -0.16 2500 113.82 -0.18
150 113.95 -0.05 3150 3.7 -0.29
160 113.96 -0.04 4000 113.5 -05
200 113.98 -0.02 5000 113.29 -0.71
250 113.99 -0.01 6300 112.97 -1.03
31s 114 0 2000 112.39 =161
400 114 0 10000 1.5 =25
500 113.99 -0.01 10900 111.07 =293
630 114 0

Frequency response
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Fig. 5. Frequency response of the concatenated ADC module.

The signal-to-noise level of the module was tested with a 0V signal. An image of

this signal is shown in Fig. 6. A level of 35dBsp; was found, which is better than the
40dBsp, proposed.
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Further levels were tested with a constant frequency signal of 1kHz and a dynamic
range from 49dBsp to 135dBsp. (see Fig. 7 and 8). Distortion levels were found in
the range from 49dBgp; to 69dBsp due to the very small amplitude that the signal
generator had to output, but the signals were correctly measured and plotted.

Some phasc delays were observed between stages. when a stage was switched to a
higher or lower one. These declays were given by the dilference between the RC
values on each anti-ofTsct filter and by the opamp delay. Although the phase delay of
the original signal is affected by the anti-offset and anti-aliasing filters, there are no
definitive studies that demonstrate that phasc delays significantly affect the quality of
the signal when heard by a human [9), so the digital signal can still be used to

measure noise levels.
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Fig. 6. Signal-to-noisc level of the ADC Module.
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Fig. 7. A 49dBsp, (500pV @ IkHz) signal measured by the ADC module.

A theoric dynamic range of 167dB was calculated by using formula (2):

Dynamic Range =20log(2? J+1.764B =164.3dB. (10)
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An elfective dynamic range of 105dB was obtained by substracting 35dB (SNR)
from 140dB. The bandwidth (20Hz to 11kHz) and dynamic range (40dBsp;. to
140dBsp) were accomplished with low resolution ADCs and simple analog filtering
and amplification stages.
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Fig. 8. A 135dBsp, (6.84V @ 1kHz) signal measured by the ADC module.

4 Discussion

The applied tests on the ADC module showed that it can measure audio levels from
20Hz to 1 1kHz with very good precision. This ADC module can be compared to other
commercial modules with similar features. Table 2 shows these features,

The National Instruments NI USB 9233 is an over-featured board when used for
noise monitoring, since audio sampling requires up to 32kSps (according to [6]) and
only one input channcl. A sampling frequency of 22kSps is enough since some noise
monitoring experiments that have been done, showed that signals with significant
amplitudes are only present at up to 8kHz.

The theoric dynamic range of the Concatenated ADC is better than the NI USB
since it has more resolution bits, but the effective dynamic range is almost similar to
the NI USB. Both ranges can compress an audio signal ranging from 40dBsp to
140dBspr.

Table 2. Concatenated ADC module vs. NI USB 9233.

N1 USB 9233 ADC Module Prototype
Sampled channels 4 1
Sampling frequency up to 50kSps 22kSps
Resolution 24 bits 27 bits plus sign
Theoric dynamic range 146dB 164dB
Effective dynamic
eaiiné 98dB (25kSps) 105dB (22kSps)
ADC architecture Delta-Sigma Concatenated ADC
AC Cutoff Frequency 0.5Hz 20Hz
Input Voltage Range 15.8V, 114.14V,

Precision

0.6dB (no calibration)

10.2677dB, according to Leg,,
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The sampling frequency of the prototype was limited due to the PIC
microcontroller used. which has a 12MIPS speed. If a faster microcontroller or a
digital signal processor was used, then a 32kSps speed could be achieved and a Class
1 Sonometer could be integrated within the module.

5 Conclusions

The concatenated ADC that has been proposed and designed in this work can be used
on signals that have bandwidths a little beyond the OHz frequency due to the anti-
offset filtering required. No DC measurements can be done with this ADC
architecture. The minimum scale voltage and the number o ADC resolution bits mark
the balance between amplification stages and logarithmic legibility.

A phase delay between stages can be made almost zero if the RC values are similar
between stages. This is achievable by implementing low tolerance elements with 1%
of precision or less.

A virtual resolution of 27 bits plus sign was obtained by concatenating the
measurements of each stage. Simultancous ADC samplings are required in order to
prevent samples loss and effective concatenations.

These concatenations imply the adding of zeroes to the left or right of the legible
sample if the minimum scale voltage is a power of 2 (for example, 1/16 or 1/32). A
microcontroller can easily add these zeroes by shifting the value to the left or right.
When a sample is found legible in the first stage, zeroes are added to the right. When
it is found on the second. third or fourth stages, zeroes are added on both sides. When
it is found on the last stage. zeroes are added to the left.

Logarithmic legibility indicates whether a signal can be correctly mcasured in a
logarithmic scale and achieve a good precision, depending on the application
requirements.

A bessel analog filter can be implemented instead of the 1-order anti-offset filter
used. This filter would have a phase delay present beyond the bandwidth of the signal
to be measured. The phase delay between stages would almost disappear.
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Abstract. Recurrence plots visualize spatial and also in the case of time series
temporal correlations inside sequences of data, the technique allows the identi-
fication of hidden data relationships (periodicity, non-stationarity, recurrence,
randomness) inside a sequence. The comparison between recurrence patterns in
order to identify common structures is difficult because the lack of similarity
quantification tools in the available and most popular software for recurrence
plots analysis such as VRA (Visual Recurrence Analysis), RQA (Recurrence
Quantification Analysis) and CRP (Cross Recurrence Plots). In this work a
soltware tool for analysis of structural similarity patterns between recurrence
plots is proposed, this tool named RecurrenceVs. allows the comparison and
quantification of the degree of structural similarity between recurrence plots
generated from different sequences of data. The results shows that this tool is
useful for the classification of data sequences by similarity families based on
the recurrence patterns, where these pattems preserve the information about the
structure and dynamics of data sequences.

Keywords: Recurrence Patterns, Spatial and Temporal Correlation, Structural
Similarity.

1 Introduction

The extraction of common structural features in sets of time series and sequences of
data is an important task in the identification of patterns of interest for example: in the
analysis of time scries dynamics [1], the identification of motifs in genomics se-
quences [2], the construction of queries for sequence extraction in databases [3]. Si-
milarity in data sequences can be measure with different metrics such as Euclidean
distance [4], Dynamic Time Warping [5], Similarity Histograms [6], etc. such meas-
ures operates directly over the data sequences. For other side, analysis of the dynam-
ics of sequences of data, understood as the relationships between the different data in-
side a sequence, can be done with different techniques such as: Autocorrelation (7],
Wavelet Analysis [8], Recurrence Quantification Analysis [9], etc. In particular, the
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Recurrence Quantification Analysis is based on the generation of a data representation
named recurrence plots, these plots shows patterns of hidden rclationships between
data such as non-stationary behavior. periodicities, and randomness; the patterns gen-
crated with these plots can be used to compare sequences of data at a new level of in-
formation. There are not quantitative tools for comparison of recurrence patterns,
software such as VRA, RQA and CRP lacks this functionality [10, 11, 12], this is the
main motivation for the development and proposal in this work of a software tool for
quantitative comparison and analysis of similarity between recurrence paticrns. Sec-
tion two. explains the theoretical basis of the recurrence plots as well as some con-
cepts of similarity. Section three, describes the technical aspects of the RecurrenceVs
software tool. In Section fourth, the experimental results of the cvaluation of the soft-
ware tool are presented. Finally in section five. the discussion of this work is pre-

sented.

2 Recurrence Plots

Recurrence plots are graphical representation of a sequence of data, which allows the
detection of hidden dynamical patterns and nonlinearities inside the data. These plots
allow the visualization of recurrent patterns, non-stationary patterns, and structural
changes. The recurrence plot is part of a technique known as Recurrence Analysis that
was developed by Eckman et al. in 1987 [9].

Original Reconstructed
dynamics in dynamics in phase
phase space . : space

oD

R™ RP

Time Series

Fig. 1. Conceptual schema of reconstruction of a multidimensional system based on a observa-
ble (time series).

The theoretical foundation of the construction of recurrence plots is based on two
theorems proposed by H. Whitney and F. Takens [13, 14], in these foundational
works they establish that is possible to recreate a topological equivalent of the original
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behavior from a multidimensional system by means of a sequence of data from an ob-
servable of such system [14], the Fig.1 illustrates this idea.

In the general case of the reconstruction of a system with cmbedding dimension 7

and a delay r=0), each datum x(i) is a vector composed by 7 consecutive data elements
from the sequence.

x(@) = {x(1), x(2), x(3),..., x(n)}. )

A recurrence plot is generated by comparison of cach datum in a sequence with itself
and with the rest of data. The comparison between, for cxample, data x(i) and x(j) is
made with a metric such as Euclidean distance.

dy =e@)-xQ). 2)

This allows building a correlation matrix D of spatial and temporal nature (as is the
case of time series).

dn dl'.’ dln- (3)
p=|® = o dy
-dnl dn2 ttr d:m i

Each element dj; in matrix D is associated with the Euclidcan distance between a
datum in position / and a datum in position j inside a sequence, if a datum o subsets of
data are recurrent this behavior will be detected by means of sets of equal distances.
Also, each distance ¢/j; is associated with a value from a discretized gray tone scale, in
this way an image of the recurrence plot pattern is generated. The resultant pattern is
symmetric due to the redundancy in the calculation of the distances ;= dj;.

Comparing the patterns generated for the recurrence plots can be useful in order to
identify sequences of data with similar data behavior or dynamics, this similarity must
be quantified in order to have an objective comparison of the recurrence plots.

3 Design of RecurrenceVs: Architecture and Algorithms

The design of the soltware tool has two important aspects: user interface design and
algorithm design. In the first case, the user interface must be casy of use and to be
windows driven, the software must allow the exccution of a series of multiple expe-
riments and it must be easy to save the results in incremental way. The user interface
features were motivated by the analysis of different software tools for recurrence plot
analysis (VRA, RQA, CRP), in Table 1, a comparative feature analysis between these
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software tools is showed and in Fig. 2 a screenshot of the RecurrenceVs interface is

presented.

Table 1. Comparison of features between different tools.

Comparison of Features for Recurrence Analysis Soltware

Similarity Analysis

Multiple Experiments in one

User Intef:
Software ser Inteface Function Run
Command :
RQA ROS L;:\c No Yes. in Batch Mode
VRA GUI No No
MatLab Com- ) .
CRP viind Line No Needs Programming
RecurmrenceVs GUI Ycs Yes. in User Sesion
Sawe results _of Clean data
multiple comparisons Save recurrence plots
e N T, ==
w ;{ﬂgf_,jﬂ.’ﬂw i_,-jm _ Sawe differences
L ac 26 Lt soxz & 1engol vector
frratr [~ I ) =
¢ Fu T ' ' : 8 CATI o
SequenceA - . . . o CAT2 T %
I - TN _—
WL WL CAT3 & %
Sequence émlfWW NSIWM‘, " Inpu:
i ) .o rameters
OO N NEXAN ¢ CATS ¥ %
| .o.n.o.o.o,-‘o.o.o.- ]
[ 3 o8 o0 b0
| .:.:.l':..:I..'0.0'. igc: = -
Recurrence o'o.o.o.o. .:.o.:.:.
PlotA |, LA A
| '0.0'0'0.0'-:0:0:0:0 Ve L aee
LSOO 0%
OO0
DO XXX XS [
Differenc LR s MR L | < e
vector i T e B RN
. . A, o Categorizatilj.m
Resultado: Categoria 6; 59.7448%

Fig. 2. Screenshot of the sofiware interface and its elements.

The design of the algorithms was divided in three stages: first the load and prepara-
tion of the data. second the construction and comparison of the recurrence plots and
third the visualization and storage of the results. In the first stage, an important aspect
if the normalization of the data sequences to be compared, the data sequences can
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have different length, and data range (the data types used are: integer and real), in or-
der to generate comparable recurrence plots they are normalized to a default length of
1000 data by sampling each sequence, but this parameter of length can be adjusted if
shorter time scries are used in the similarity analysis. The normalization in range is
done by scaling the values in order to have a range of values between 0 to 1, the Fig. 3
shows a diagram of this stage.

Lenght

. Range
Loading Normalization Normalization
by sampling ‘ by scaling
— |

Set of sequences

£ =X Ky Xyeveesedens X, )

Fig. 3. Stage one, preprocessing.

The construction of the recurrence plots is done with the algorithm described in
Section two, the comparison between the recurrence plots is done by comparing the
corresponding clement (4, j, ;] of the matrix of distances for each of the two recur-
rence plots, then for each position (i, j) the difference between the corresponding dis-

tances «j; for both recurrence plots is calculated. a difference of distances D ; is con-
"

4

sidercd as a match between both recurrence plots if it has a value below a similarity
threshold S, this input parameter is setup by the user before the beginning of the anal-
ysis, the threshold allows to establish different degrees of similarity between the re-
currence plots, the values of the differences between the distances djj are discretized
as | for those bellow the threshold and 0 above the threshold and storage in a distance
vector, a counting of the number of minimum differences is done, in order to deter-
mine the percentage ol minimum distances between the compared recurrence plots, a
set of five similarity percentages are established by the user, and depending on the
corresponding percentage reached by the counting process a similarity degree be-
tween the recurrence plots is determined. The Fig. 4 shows the steps of this second
stage.
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Fig. 4. Stage two, recurrence plot comparison.

Finally, in the third stage the visualization of the recurrence plots and their results
are showed. the recurrence plots are visualized using a gray scale that corresponds
with the distance between their points, the white color rcpresents the minimum dis-
tance and the black color corresponds to the maximum distance present in the plot,
cach graphic of a recurrence plots is generated with a sampling of their corresponding
distance set in order to facilitate its visualization, this is due to the enormous quantity
of data generated, for example for a sequence of 1000 data a matrix of 10° points is
gencrated. In this stage, the option to save the recurrence plots and the results of their
comparison is activated, multiple comparison experiments can be done in one run for
example: comparing a specific recurrence plot against a set of different recurrence
plots can be saved by incremental storage of each new experiment, in the Fig. 5 is

showed the steps of this last stage.

N L o RS VLR i
W

et & A

Visualization of
recurrence plots erre
and results of com- P A T
parison

Fig. 5. Stage three, visualization of the results.
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4 Evaluation: Performance and Usability

The software tool was evaluated with a sct of synthetic data sequences previously
classified by their similarity degree by means of the dircet comparison of the se-
quences using the technique of Derivative Dynamic Time Warping (DDTW) [15, 16].
Examples of different comparisons are showed in the screenshots of Fig. 6 and Fig. 7;
in these examples a recurrence plot from a sequence tagged DS11 is compared with
the corresponding recurrence plots for the sequences DS12 and DS42; in the previous
classification DDTW rcported in [15, 16], the similarity of these sequences groups
DSI1 and DSI2 in the same class 5 and the seque

nce DS42 belongs to class 1. The
results with RecurrenceVs show a correspondence with the aforementioned results.
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Result: Category 1: 96.2334% i
Fig. 6. Screenshot of the similarity analysis for the recurrence plots of two synthetic data se-
quences DS11 and DS 12, their similarity corresponds to category 1 (95% of similarity).
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Fig. 7. Screcnshot of the similarity analysis for the recurrence plots of two synthetic data se-
quences DS11 and DS42, their similarity corresponds to category 3 (84.6% of similarity).

In Fig. 8 is show, the behavior of the similarity percentage for the similarity analy-
sis made with the RecurrenceVs tool, for the sequence DS12 that belongs to the class

5 in the DDTW classification [15, 16].
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Fig. 8. Behavior of the similarity percentage between the recurrence plots for the data sequence
DS12 and the rest of the sequences from the experimental set.

The sensibility of the input parameters is illustrated in Table 2, it shows the effect
that changes in the similarity threshold S, have on the categorization of the recurrence
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plots, in this example for the sequences DS11 and DS12, the sensibility is greater for
a valuc of §= 0.1, this corresponds with a requirement of almost identical recurrent
plots, for values of S, between 0.3 and 0.4 the sensibility is reduced and no change in
the categorization is observed.

Table 2. Sensibility of input parameters. categorization of the compared recurrence plots for
the DS11 and DS12 similar data sequences

.

Sensibility of input parameters

Comparison of two similar sequences

Similarity Assigned Percentage of Threshold of simi-
threshold category similarity larity percentage
0.1 6 57.28% below 60%
0.2 K 86.55% 80%
0.3 1 97.17% 95%
0.4 1 99.59% 95%
0.1 5 57.28% 50%
0.2 2 86.55% 80%
0.3 1 97.17% 90%
0.4 1 99.59% 90%

5 Discussion

A software tool for the analysis of similarity between recurrence patterns was devel-
oped, this tool identified as RecurrenceVs includes a user-friendly interface in order
to develop a scries of experiments for the study of similarity between sets of recur-
rence plots where these represents different dynamical behaviors from sequences of
data. The evaluation of the software tool with the set of time series from [15. 16]
shows that it is capable of discriminate between similar and non similar sequences
based on their recurrence representations and generate classifications based on the re-
currence patterns. The parameterization of the similarity by means of a threshold and
a similarity percentage is uscful because it allows the analysis of similarity between
recurrence patterns where their differences are not sharp. This analysis tool can be a
complement to the existing recurrence analysis tools (VRA, RQA, CRP) where dif-
ferent properties such as percent of recurrence, percent of determinism, Shannon en-
tropy, etc. can be calculated for each recurrence plot and in this way correlate the sim-
ilar recurrence patterns with such propertics.
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Abstract. Advances in mobile computing and in communications net-
works have allowed the possibility of u-learning (ubiquitous learning),
which is the union of two educational systems: adaptive e-learning (elec-
tronic learning) and m-learning (mobile learning). One way of imple-
menting a u-learning platform is utilizing an intelligent and adaptive
user interface that adapts itself as the student’s knowledge evolves, while
helping him/her with tasks like intelligent searches and recommenclations
of learning material. The implementation of these user interfaces raise
problems. like building a model of the student. which we propose can be
solved using Bayesian networks. The purpose of this paper is twofold.
First, to present our research in this area. Second. to report our first
steps in constructing a u-learning platform for learning statistics.

Key words: Adaptive User Interfaces, Intelligent User Interfaces. Ubig-
uitous Learning. Mobile Learning, E-learning, Bayesian Networks.

1 Introduction

U-learning (ubiquitous learning) is a learning system that allows a student to
receive personalized instruction anywhere and anytime. Thus defined. u-learning
can be seen as the union of two learning systems: adaptive e-learning (electronic
learning) and m-learning (mobile learning). Adaptive e-learning allows students
to receive personalized instruction on a desktop computer by means of Internet.
an intranet. a CD-ROM. or any other tool. On the other hand, m-learning (mo-
bile learning) allows students to receive instruction anywhere and anytime on a
portable computer by means of communication technologies like Wi-Fi or GSML

A platform for u-learning can be implemented by means of an adaptive user
interface that adapts itself to the students level of knowledge, computer skills.
preferences, and to the features of the computer being utilized in the learning
process. Furthermore, the interface should also be intelligent in order to help
students by performing tasks like generating an appropriate study plan. giving
recommendations of relevant material, doing intelligent searches, and offering
personalized help.
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The use of adaptive and intelligent user interfaces in a u-learning environ-
ment affects positively the students learning, by allowing them to study in a
personalized environment at any hour. in any place. and from any computer.
This way. students can center in the study of the subject, without having to lose
time seeking for relevant material. or to depend on their computer skills in order
to use the interface.

The aim of this paper is. first. to present our research on the main challenges
of implementing an adaptive and intelligent user interface, and second, to report
our first steps in implementing a u-learning environment for learning statistics.
To this end. the rest of this work is organized as follows. Section 2 defines
the basic concepts related to u-learning. Section 3 discusses the main problems
that need to be solved to implement a platform of u-learning. Section <l presents
Statistics-to-Go. which is a project aimed to implement a m-learning platform for
learning statistics. This is our first step toward the broader aim of implementing
a u-learning platform. Finally, Section 5 presents our conclusions.

2 Basic Concepts of U-learning

This section defines the concepts of adaptive e-learning (Subsection 2.1), m-
learning (Subsection 2.2), and u-learning (Subsection 2.3).

2.1 Adaptive E-learning

E-learning. also known as online learning, is defined as the instruction received
by means of a CD-ROMI, Internet, or intranet. E-learning can be synchronous or
asynchronous [1, p. 10]. Synchronous e-learning is carried out in real time on a
virtual classroom with an instructor. Thus, students and the instructor coincide
in time though they are not necessarily at the same place. On the other hand, in
asynchronous e-learning students and the instructor do not share the same time
or place. and it is designed so students can learn at their own pace. Both formats
allow the use of collaborative learning tools like wikis, discussion foruns, and
email.

Traditional e-learning offers the same service to all students without taking
in account their previous knowledge, learning goals., communication skills, and
preferences. Since the decade of 1970s. however. the impact of human differences
on education were recognized [2]. That is. a “one-fits-all” education do not satisfy
all students and then it is necessary to look for new teaching paradigms as, for
example, adaptive e-learning.

Adaptive e-leurning suggests a solution to this problem by adapting the in-
struction to the specific needs of each student. A more formal definition is that
adaptive e-learning is an online teaching system that adapts selection and pre-
sentation of learning contents to the students in an individual way basec on their
previous knowledge, personal needs, learning style, and preferences (3, p. 24].
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2.2 M-learning

M-learning is the acquisition of knowledge by means of some mobile device [4].
In this work. mobile device means cellular phones or personal digital assistants

(PDAs).

The differences ol m-learning with other types of learning, especially tradi-
tional e-learning, can be studied by considering both the technology involved and
the educational experience. Regarding technology. m-learning differs by the use
of portable equipment that allows students to access learning objects anytime
and anywhere. Regarding the educational experience. Traxler [5] compares m-
learning and e-learning using keywords. This way, m-learning is ‘personal’, ‘spon-
taneous’, "opportunistic’, “informal’, "pervasive’, ‘private’, context-aware’. "bite-
sized’, and “portable’, whercas e-learning is 'structured’. 'media-rich’. “broad-
band’. “interactive’, "intelligent’, and "usable’. The same author notes that some
of these distinctions can disappear as mobile technology advance, but properties
as informality, mobility, and context will remain.

2.3 U-learning

U-learning is an adaptive e-learning system that allows students to learn anytime
and anywhere in a personalized environment. In other words, u-learning is the
combination of adaptive e-learning and m-learning. Following a similar formula
found in [6-8] we define u-learning using the formula:

u-learning = adaptive e-learning + m-learning . (1)

The benelits of u-learning are evident. It has the same ones that adaptive
e-learning. that is, u-learning allows students to select their learning objectives
and to apply their own learning style [3.9, 10]. In addition, students can utilize
any computer and study from any place in the workl. The main disadvantage, for
now, is the high cost of the mobile component and of the connection., particularly
in cellular phones. Nevertheless, as technology advances it is predictable that
prices will diminish.

3 Implementation of a U-learning Platform

This section describes the main problems that arise in implementing a u-learning
platform (Subscction 3.1) and presents Bayesian networks. a mathematical tool,
that can be used to solve these problems (Subsection 3.2).

3.1 Main Challenges

We have identified the main problems that need to be solved in order to imple-
ment a u-learning platform. Also, we have grouped these problems in two broad
areas: infrastructure and software. In the infrastructure area it is necessary to
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have a Web server aud computers. both desktop and portable. with Internet ac-
cess. In the software area. the design and implementation of an adaptative and
intelligent. user interface raises four principal problems: creation of the student
model. generation of the interface content. adaptation of the interface content,
and evaluation of the interface.

We think that infrastructure problems can be solved by means of financial
resources. Here we notice some official initiatives which can make u-learning
feasible. First. there are organisms. like the One-To-One Institute [11] and The
Anytime Anywhere Learning Foundation [12]. who facilitate computing equip-
ment by promoting the “one to one”™ policy - one computer for each student. Sec-
ond. there are governmental policies, like u-Japan [13] and u-Korea [1-l]. aimed
to facilitate Internet access to everyone. On the other hand. software problems
need special attention since their solution involves aspects of computer science.
For this motive, in this section we will detail the mentioned software problems.

The student model captures relevant information about the stucent, for ex-
ample. previous knowledge level, learning goals, learning style. and available time
for studying. The model must realize an initial evaluation of the student estimat-
ing his/her knowledge in the matter of study and his/her computer skills. and
then evolve as the student’s knowledge and skills change. Some problems that we
identify in order the model can work in a suitable way are the following: 1) the
model must learn rapidly to be useful [rom the first moment. 2) the moclel must
work with incomplete. and possibly contradictory information, received from the
student. and 3) the model must be able to evaluate the knowledge and skills of
the student so it can evolve.

Content generation consists ol producing a personalized user interface with
the ability to realize intelligent tasks. like searches and recommendations, which
redound in a more effective learning experience. The most important problems
that it is necessary to solve are: 1) to establish a relevancy criterion to arrange
the learning objects. 2) to generate a learning path depending on the student’s
learning goals and the available time for study. 3) to support a data base with
the learning objects that the student has found relevant in order to reconunend
them to other students with similar goals, and ) to discover and to recommend
objects of learning that could be of interest for the student.

Content adaptation implies changing the user interface as the student’s knowl-
cdge evolve and as the student move from one computer to another with, possibly.
dilferent capacitics and screen size. To achieve these objectives it is necessary 1)
to have a data base with the features. for example screen size, of every compu-
tational platform. and 2) to adapt the content to the capacities of the computer

that is being used.

Finally, it is necessary to measure the performance of the user interface. This
implies finding metrics to quantify the user satisfaction with the interface in
order to compare among scveral design alternatives.
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3.2 Bayesian Networks

One method of implementing an adaptive and intelligent user interface is uti-

lizing Bayesian networks, which “are graphical structures for representing the

probabilistic relationships among a large number of variables and doing proba-

bilistic inference with those variables.” [15] This graphical structure is a directed

acyclic graph. one can never return to the same node by following a sequence

of directed edges. The graph has one node for each random variable in the as-

sociated probability distribution. Directed edges establish relationships among
nodes. If there is an edge [rom node A to node B. then A is
and B is the *child” of A. This genealogical rel
the “ancestors” and “descendants™ of a node.

Edges in a Bayesian network express the probabilistic dependencies between
variables in a way consistent with the Markov condition: any node in a Bayesian
network is conditionally independent of its nondescendants. given its parents [16,
17]. As a consequence. any Bayesian network specifies a canonical factorization
of a full joint probability distribution into the product of loc
tributions. one for each variable given its P
X1, Xa. ---, Xn. we can write:

the “parent” of B
ation is often extended to identify

al couditional dis-
arents. That is, for a set of variables

Al’
P(Xy =21, X2 =23,--+ . Xy = xn) =[] P(ai| Pa( X)) . (2)
i=1

where Pa(X;) is the set of parents of X;.

Bayesian networks can often be given a causal interpretation, an edge going
from node A to node B indicates that A is a direct cause of B. This interpre-
tation makes Bayesian networks particularly appealing for modeling high-level
cognition. Once established the cause-effect relationships. there exist algoriths
to make inferences. .

Bayesian networks are a popular tool in applications that need to represent
causal relationships and to reason with uncertainty [15. p. 619). In c-learning,
Bayesian networks can be used to determine the type of personalization with the
intention of presenting a plan that optimizes the student’s learning process [3].
to measure the knowledge of the student, as a part of the initial diagnostic [18].
and to detect when the student has problems exploring the learning material in
order to provide guidance to enhance this exploration (19].

4 Statistics-to-Go: Toward a U-learning Platform for
Learning Statistics

As a first step toward implementing a u-learning platform. we decided to im-
plement a m-learning platform. We chose statistics because that is the back-
ground of one of the authors. This section presents the Statistics-to-Go project.
whose main objective is to devise tools for learning statistics in mobile devices.
The section starts presenting some background information (Subsection -1.1) and
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listing the main advantages of a m-learning platform (Subsection -1.2). Then.

the project’s objectives are presented (Subsection 1.3). Finally, the project’s
methodology is shown (Subsection -1.1).

4.1 Background

In the University of Sonora. students majoring in Mathematics. Physics. and
Computer Science take a mandatory introductory course of statistics. The ob-
jective of the course is to teach students basic statistical tools and to familiarize
them with statistical analysis using statistical software. These statistical tools
run only in desktop or laptop computers. which implies students must be either
in the computer laboratory or carrying their laptops.

On the other hand. taking in account that in 2009 there were almost 80
millions of cellular subseribers in Mexico [20] and that around the world 50% of
cellular phones are Java-enabled [21]. we want to know if cellular phones can be
useful to solve statistics problems. helping students to learn statistics anytime
and anywhere. and liberating them from carrying their laptops or of having to
be in the computer laboratory.

This way. Statistics-to-Go project was proposed in February 2010 with the
goal of producing tools for learning statistics in mobile devices using Java ME
(micro edition). Java ME was selected because almost all mid- and high-range
cellular phones are Java-enabled. and this means Java ME programs (called
MIDlets) are portable across mobile operating systems.

4.2 Justification

The main advantages of a m-learning platform are:

— There are no time or place restrictions. Students can learn anytime and
anywhere.

— It allows context-aware learning. Students can receive learning objects de-
pending of their location.

— Students can communicate among them, or with the teacher, without phys-
ical contact.

— Teachers can design quizzes and give students instant feedback.

— Teachers can design learning objects with integrated video and audio.

— Video and pictures can be used as an alternative way of learning.

4.3 Objectives
General Objective

— To devise tools for learning statistics in mobile devices.



125 Héctor Antonio Villa Martinez, Francisco Javier Tapia Moreno

Specific Objectives

1. To research which kind of statistics tools are useful for students taking the
introductory course of statistics at the University of Sonora.

2. To develop a prototype of these tools.

3. To deploy the tools to students taking the statistics course.

I. To evaluate the usability of the tools by the students.

4.4 Methodology

The Statistics-to-Go project is set to run from March 2010 to February 2011 and
has the following activities:

1. To apply a survey to obtain the number of students at the University of
Sonora who carry a Java-enabled cellular phone.

2. To apply a survey to former students and professors teaching the statistics
course in order to know which statistics tools are convenient to develop in
cellular phones.

To develop the tools.

To deploy the tools to students taking the statistics course.

To apply a survey to students taking the statistics course to know the us-
ability of the tools and their impact in the students learning process.

o

5 Conclusions

U-learning benefits students because it allows them to study anytime and any-
where in a personalized way, independently of the computer used. In spite of
these advantages. there are not many implementations of u-learning platforms
for learning mathematics, much less for learning statistics. We also highlight the
lack of suitable learning objects. We think this is due to the cost of the infras-
tructure needed. Nevertheless, it is predictable that the cost of technology gets
affordable with time.

Our future work includes the implementation of a m-learning platform for
learning statistics, the research of the application of Bayesian networks to the
implementation of an adaptive and intelligent user interface in a u-learning plat-
form. and the design of learning objects for statistics.
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Abstract. Software process improvement holds a significant promise to reduce
cycle times and provide greater value to all development activities involved in
the software process development. While these methods appear to be well
suited for embedded systems development, their use has not become an
organized practice. In the same way as that of sofware development, the
embedded systems development could be failing due a bad management in the
development process. CMMI-DEV v1.2 is a process improvement maturity

model that has been developed by the Software Engincering Institute at
Camegie Mecllon. CMMI-DEV v1.2 defines “what™ processes and activities
need to be done and not “how™ these processes and activitics are done. In this
paper we introduce the SPIES methodology that integrates the CMMI-DEV
vl.2 Level 2 process areas to specify a process for developing embedded
systems. This methodology incorporates the TSP principles to support the lack
of management and improve the process specification. To illustrate this
approach, we describe an experimental system in which

it has been applied to
develop and manage a traffic light system.

Keywords: Software process improvement, embedded systems, effective
development process, improvement models, product focused improvement.

1 Introduction

Over the last 20 years, software’s impact on embedded system functionality, as well
as on the innovation and differentiation potential of new products, has grown rapidly.
The consequence of this is an enormous increase in sofiware complexity, shorter
innovation cycle times, and an ever-growing demand for extrafunctional requirements
(such as software safety, reliability, and timelines, for cxample) at affordable costs
[15]. Morecover, these embedded systems’ complexity is increasing, and the amount
and variety of software in these products are growing. This creates a big challenge for
embedded system development that was evident in the 2008 Embedded Market
Survey, where respondents listed their three biggest concerns related to this task as
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meeting schedules: the debugging process: and increased lines and complexity of the
code. According to [19], of the same respondents a 59% also indicated that they are
not using a formal development method or technique in their current embedded
projects. As shown in Figure 1, meeting schedules is still the number one concern for
developers. In fact. that concern actually increased by about 10% over last year. But,
the most significant lesson is that meeting schedules is narrowly related to software
development method. specifically to the planning process.

Which aofthe following challenges are yourown on yourembedded design team's
greatets concem regarding yourcurrentembedded systems development

prucess?

Cuher
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Managing romote muliplo loc on teams
Sdecing he nght proces sor
Keepng pace w th embeddad echnology
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Fig. 1. Results of the 2008 cmbedded market study.

One potential reason for the poor adoption of development techniques is the gaps
that exist when planning a detailed development lifecycle when the project begins.
Traditionally, the gaps in the path of project planning and project monitoring and
control to a solid product are overcome by experience and iteration. However for
embedded systems, these gaps are more evident due to the need to obtain a realistic
plan on affordable costs. This often results in embedded systems that exceed the
established costs, overlap the schedule, and differ from the original functionality;
necessitating extra time and resources to fulfill the initial requirements. Moreover, the
limited availability of resources is preventing the introduction of new product features
and applications, especially in areas where high-performance embedded systems are
required [24]. Then, if there exists problems to develop conventional software
products, are there problems related to develop the embedded software? In the same
way, the commonly used software development process is a difficult task to perform
when the developed software has to be run on an embedded system. Furthermore, due
to cost, availability or developing reasons, the target system may not always be ready
for the final phases (integration or testing time). These factors causc heavy
bottlenecks when multiple developers work on the to-be-developed embedded system
and need to concurrently access the development cycle for doing their tasks.

Just as we said, all these trends pose an urgent need for advanced cmbedded
systems development techniques. However, and according to [14], the state of the art
in embedded systems development is far behind other application areas. Graff et. al
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studied seven European firms to determine the state of the practice in embedded
software engineering [5]. One of the key findings in the study was that systems
engineering decisions are largely being driven by hardware constraints, which then
impact software efforts two stages later in the lifecycle when software requirements at
the component level are developed. To optimize the timeliness, productivity, and
quality of embedded systems development, companies must adapt software
engineering technologies that are appropriate for specific situations. Unfortunately,
the many available software development technologies do not take into account the
specific needs of embedded systems development. In fact, developers do not tend to
develop products with standardizations. For cxample, in Alcatel Shangai Bell. the
project scales have been different from several person/months to 150 persons/months.
Project outlay is different from thousands USD to million USD, many of which were
cancelled or failed during the development because of delay, over cost, out of control
and customer unsatisticd. Problems being cencountered in other cnterprises can be
found in this company too.

Our rescarch aims to facilitate an alternative mecthodology for embedded systems
development. We cstablish a formal development method oriented to embedded
application ficlds which we called SPIES (Software Process Improvement for
Embedded Systems). The SPIES methodology consists of three essential elements:
activities, assets and tools. SPIES is supported by the CMMI-DEV v1.2 [27] to guide
the whole project development.

The rest of this paper is organized as follows, Section 2 summarizes the related
work of methodologies for developing embedded systems. Section 3 provides a brief
description of CMMI-DEV vl1.2. Section 4 formally describes the SPIES phases. A
case study is presented in Section 5. Finally, Section 6 concludes the paper.

2 Related Work

According to our literature review, much efforts have been paid to establish “what
activities to implement” instead of “how to implement™ these activities for embedded
systems devclopment. The current problem with embedded systems development is
not a lack of standards or models, but rather a lack of effective strategy to
successfully implement these standards or models. However. according to the
MOOSE (Software Engineering Methodologies for Embedded Systems) project [18]
we should consider other factors which could affect the project success:
® Coordinating all subprocesses (p.e. mechanical engineering, eclectrical
enginecring) to develop quality products is one of embedded system
development’s most challenging aspects,
® Systems engincering was mostly hardware driven — that is, from a
mechanical or an electronic viewpoint. Consequently, software development

started when hardware development was already at a stage where changes
would be expensive.
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Thus, since MOOSE results many approaches have been developed to incorporate
formality to the embedded systems development process. In the following, we
summarize the most significant work.

The rescarch by [29] was one of the [irst approaches that addressed
conceptual models for relating together embedded systems® product and
process characteristics. The purpose of the models was to describe in detail
the characteristics of cmbedded systems for enhancing ISO 15504:1998
(SPICE) [10] conformant assessment methods to cover embedded systems’
software process assessment. The analysis of embedded systems was based
on the domain expertise of the PROFES (PROduct Focused improvement for
Embedded Software processes) partners, a literature survey and assessments
performed at several industrial sites.

Years later, the enhancement of embedded products focused its efforts in the
components reuse. The Koala component model [20], for example, was used
for embedded software in consumer clectronics devices, which allows late
binding of reusable components with no additional overhead, but it does no
take a development lifecycle into account and lacks a formal model.

Later, PECOS [6] attempted to enable component-based technology for a
certain class of embedded systems known as “field devices™. The main
features of this model are the data-flow-oriented programming style and the
explicit incorporation of non-functional requirements. However, PECOS
merely supports the non-functional properties of memory consumption and
real-time, but does not provide any formal method supports, and only
supports the data type interface.

Since 2004, Miller and Smith have successfully used a prototype Test-
Driven Development (TDD) [17] embedded system test framework, called
Embedded-Unit, in their undergraduate classes and research work. In
particular, the framework provides a stable, casy-to-learn environment
through which students could solve problems generated at both the hardware
and software levels. The TDD approach to support embedded system
customer acceptance tests through Matlab-Fit and Embedded-FitNesse is
best described as showing “potential™.

The Simplified Parallel Processes (SPP) [12] that provides a Software
Process Improvement (SP1) solution referring CMMI [26] Level 2 and 3 for
middle size enterprises. This research illustrates the development of a
software processes management tool, called “Future”, based on SPP to
provide technical development specification for embedded systems.
However, there doesn’t exist a detailed explanation of SPP nor any real
environmental validation or data of successful implementation.

The REMES model for embedded systems by Seceleanu et. al [24]
introduces a formal modeling and analysis of embedded resources such as
storage, energy, communication, and computation. This model is a state-
machine based behavioral language with support for hierarchical modeling,
resource annotations, continuous time, and notions of explicit entry and exit
points that make it suitable for component-based modeling of embedded
systems. However, the analysis of REMES-based systems is only centered
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around a weighted sum in which the variables represent the amounts of
consumed resources.

® The rescarch by [14] presents a formal model for specification, verification,
and composition of component-based embedded software which they called
ESCM (Embedded Software Component Model). Li et. al describe how
components arc specified from the syntactical view, functional view, QoS
view and synchronization view. The refinement rules for functionality, QoS,
and synchronous bchavior arc defined for the verification purpose and a
lightweight mcthod is provided for the purpose of composition. This
approach uses five contracts to give a formal specification of ESCM from
the four separated levels view. ESCM® strict specification is required if one
developer wants to safely rcuse a component.

® Sentilles et. al refine the component-based approaches through the
development of Save-IDE [25]. Save-ID is an Integrated Development
Environment for the development of component-based embedded systems
that supports cfficient development of dependable embedded systems using a
dedicated component model, formal specification and analysis of component
and system behaviors already in carly development phases. In fact, the main
contribution of Save-ID is related with its effort to establish a software
development process, designated SaveCCT — SaveComp Component
Technology, with three major phases: design, analysis and realization.

As Karsai et. al note in [13]: “the development of software for embedded systems is
difficult because these systems are part of a physical environment whose complex
dynamics and timing requirements have to be satisfied"” Furthermore, the projects
often lack an effective software development methodology [7]. Our contribution is
more related with this last approach, defining and implementing a SPIl effort to
improve the development process establishing effective practices acquired from the
good expericnces of software commercial models, but covering the hardware
elements implementation too.

3 The Capability Maturity Model Integration for Development

According to SEI, “CMMI is a process improvement maturity model for the
development of products and services. It consists of best practices that address
development and maintenance activities that cover the product lifecycle from
conception through delivery and maintenance. This latest iteration of the model as
represented herein, integrates bodies of knowledge that are essential for development
and maintenance. These, however, have been addressed scparately in the past, such as
software engineering, systems engincering, hardware and design engineering, the
engincering “-ilities,” and acquisition™ [26]. The prior designations of CMMI for
systems engineering and software engincering (CMMI-SE/SW), are superseded by
the title “*CMMI for Development™, to truly reflect the comprehensive integration of
these bodics of knowledge and the application of the model within the organization.
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CMMI-DEV v1.2 provides a comprehensive integrated solution for the development
and maintenance activitics applied to products and services.

The CMMI-DEV official report indicates that: “CMMI for Development vl.2 is a
continuation and update of CMMI V1.1 and has been facilitated by the concept of
CMMI “constellations” wherein a set of core components can be augmented by
additional material to provide application-specific models with highly common
content. CMMI-DEV is the first of such constellations and represents the development
area of interest ™.

To improve software development practices, practitioners, projects, and
organizations must move from ad hoc practices to explicit software development
practices. Using CMMI-DEV v1.2 [27] and the IDEAL model [16] organizations can
do just that. The IDEAL Model is used as the approach for this improvement process.
The steps of the IDEAL Model are outlined below.

e [nitiating: Laying the groundwork for a successful improvement effort.

e Diagnosing: Determining where you are relative to where you want to be.

e  Establishing: Planning the specifics of how you will reach your destination.

e Acting: Doing the work according the plan.

e Learning: Learning from experience and improving your ability to adopt
new technologies in the future.

Using the IDEAL model and CMMI-DEV vl.2, a process improvement team
would improve its organization's software development practices. We believe that this
approach can be applied with a high level of success to the embedded systems
development. CMMI-DEV v1.2 is composed by 22 process areas which are divided in
four categories and five maturity levels and/or capability levels to guide the process
improvement. Table 1 shows that SPIES covers basically process areas of CMMI-
DEV v1.2 Level 2, it means establishes a “managed process™.

Table 1. CMMI-DEV v 1.2 process areas for Level 2

Maturity Capability Level
roce e Category Level | 1[2[3([4]5
Requirements B _ - b :
Management Engineering 2
Project Planning Project )
Management =
Project -
Monitoring and Mﬂ:?:cn:em 5 T
Control 2
Supplier Project
Agreement i ( 5
Management anagemen
Measurement
2
and Analysis Support 2

! The differences between vI.2 and vl.l are explained in detail on the SEI Web site
(s wsercimeedu) in CMU/SEL 2006 TR-008.
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Process and

product quality Support 2
assurance

Configuration

Management Stppar .

To achieve maturity level 2, all process areas assigned to maturity level 2 must
achieve capability level 2 or higher. However, individual process arcas can complete

all practices and to achieve capability level 2. The relationship between process areas
and SPIES’ product life cycle are shown in the following section.

4 The SPI for Embedded Systems Methodology

According to [22], a methodology consists of a language to specify elements and
relationships among system’s components, and a whole process (activities, products,
inputs, outputs, metrics, entry criteria, exit criteria, roles, and more), which indicates
what parts of language to use, how to use them, and when to use them. SPIES
specifies an integrated set of activities (adapted from CMMI-DEV vl.2) to guide
developers during all development lifecycles to develop robust, capable and secure
systems. Figure 2 shows the elements that interact to establish a SP1 methodology for
embedded systems development. The development process is designed as a top-down

approach with an emphasis on continuous improvement as exposed in (28] [30] and
[t

L

CMMI-DEV v1.2

Guldalines —'_—’:]

Schedulas
= -
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. . ; '1\-
. . _:"' AT
: H 1 2
.. R Tools
e Creale, mMangge
aned e
‘ = 'Amiacts‘ -
S ‘ \ J
femplatas J Rolas
Suitdlines

Fig. 2. The nature of SPIES methodology.



Using the Sofiware Process Improvement approach for defining a Methodology 134

SPIES is organized by phases which are composed by more specific activities. The
itcrative approach of SPIES ensures that the development process be tested in ecach
phasec and not until the end of the project. As shown in Figure 2, our methodology
uses an artifacts repository (or repository of assets) to introduce the process
improvement in cach phase. This rcpository contains templates for each activity
(products), guidelines to perform activities, and role assignation. On the same way
that CMMI-DEV v1.2, SPIES recommends for cach activity (as possible) the use of
an specific tool for project planning, estimation and effort process, requirements
modeling, system validation, and more. For example, SPIES establish a set of
activities to perform within the Requirements Specification phase using the Rhapsody
Tool [23) from Telelogic (see Section 4 for a detailed explanation). SPIES use the
basic idea of TSP [9] to establish a set of documents to guide developers in project
management. The variation for incorporating this repository of knowledge to each
phase ensures us high levels of success.

As we said. SPIES is extracted from process areas and specific practices in CMMI-
DEV vl1.2 level 2, which are simplified for embedded software demands. Figurc 3
shows the relationship between CMMI-DEV vl1.2 (at process arcas level) and SPIES.
Our methodology is composed by three layers and eight phases. Layers are dependent
and related progresses. Every developer knows when to do an activity according the

SPIES specification.

e The management layer provides the needed process to control the whole
project development. This layer begins with the realization of a project plan
and closes with the lessons learned in the final stage. These lessons are
stored in the knowledge repository as needed effort, time, resources, people
and more. This layer is composed by two process areas: Planning (PLA) and
Product Continuous Improvement (PCI).

e The engineering laver provides the activities related to develop the complete
system. The TSP artifacts are used in each SPIES phase (included in the
Project Plan in previous layer) and determine when developers can begin the
next phase through entry and exit criteria. The layer is composed by six
process areas: Requirements Specification (RES), Product Design (PDS),
Product Development (PDE), Product Integration (PIN), Product Validation
(PVAL), and Product Delivery and Maintenance (PDM).

® The support layer provides help to achieve the expected quality through
establishing activitiecs for configuration and managing contracts and
measuring them continuously. The layer is composed of three process areas:
Configuration Management (CMA), Product and Process Quality Assurance
(PPQ), Contract Management (CMG) and Measurement and Analysis

(MAN).

Development process specification of Figure 3 belongs to CMMI-DEV v1.2”
engineering processes category (Requirements Specification, Product Design, Product
Integration, and Product Validation). Therefore, concrete technical development
specification (Product Development) is necessary for applications. Specification
defines phases of processes, activities and subactivities, entry and exit criteria,
measures, etc; templates that illustrate formats for different documents, and how to
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fulfill them; guidelines that specify how to realize and tailor specification and phases.
Thus, the development process for embedded systems includes technical development
specifications and their templates, guidelines, and more assets. In addition. hardware
related processes are emphasized here.

The addition of the PLA process for embedded systems improve the conventional
methods commonly used for cmbedded systems development in industrial
environments; (for example the Model-Driven Architecture [21]: standard IEC 61508
[11]; the UML-based Rapid Object-Oriented Process for Embedded Systems, which is

based on the spiral process model [2]; and different approaches based on a V-Model
[3]) to establish realistic plans.

Across the cight phases of SPIES the information flows in the form of processes

assets. The knowledge rcpository manages all information about the project (from
project plans and contracts to improvement information — cffort, time, and more) to
continuously improve the embedded system development process.
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Fig. 3. SPIES phases and process.

According to Hansen et. al [8] “model can be found to solve problems but there is
a gap between theory and practice”. Thus, we think that a suite of general SP1
solutions can be outlined for different enterprises which look for establishing a
“quality development process™. We try to unify “theory™ and “practice™ through the
use of a knowledge repository using the TSP practices and templates as support and
guiding developers through the CMMI-DEV v1.2 effective practices.
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4.1 The SPIES structure

The SPIES structurc enables developers to casily tailor specifications for their own
necessities. SPIES has, from PHASEI to PHASES, 16 process arcas and about 25
templates. When applying SPIES it is suggested modilying properly according to
concrete situations (such as measures, capability levels, entry and exit criteria, ctc.).
In SPIES step by step is very important through an iterative approach. Figure 4
provides a detailed explanation of SPIES processes (CMA, PPQ, CMG, PPQ, and
MAN are not shown because their activities are implicit in the other 11 processes).
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Fig. 4. SPIES process areas.

The contents of SPIES process can not be modified, while the modification of the
previous projccts assets (as documents, templates, guidelines, estimations, etc.) is
enabled. The TSP model provides all templates from project initialization (planning)
to project closuring (delivery and maintenance). We provide a bricl” description of
SPIES processes:

® Project planning. This process provides guide to establish and maintain
plans that define project activities. Planning includes estimating the
attributes of products and tasks. determining the resources nceded, producing
a schedule, identifying and analyzing project risks, and considerations for
choosing the right microprocessor for an embedded application. Iterating
through these SPIES’ activities may be necessary to establish the project
plan.

® Requirement specification. This process provides activities needed for
requirements development and requirements management. Depending on the
modeling languages used to describe requirements, developers can use



137 Garcia, I. and Herrera, A.

graphical languages such as UML or the Systems Modeling Language
(SysML) to model requirements. SPIES recommends activities to use
Rhapsody Tool from Telelogic.

Product design. This process provides activitics for creating a system’s
effective design based on the previous requirements and focused on two
issues: functional design and architecture design. Functional designs cover
an embedded system’s functionalities without considering any technical
implementation details. SPIES indicates to deveclopers how to define the

system’s architecture on the basis on the requirements and functional design.
The obtained architecture definition consists of v

architecture’s different aspects.

Other technologies development. The quality enables performing the
objective or subjective evaluation of the performed functionality. It is
possible that the embedded system should use other technologies which
affect the planned functionality. Thus, this process provides practices to
develop embedded systems without technological dependencies.
Electromechanical development. This process provides aclivities to enable
developers to manage and synchronize information in elements of electrical,
mechanical and software designs. SPIES performs automatic controlled
reviews to identify potential problems among disciplines and use
collaboration tools to quickly solve incidences in the process.
® Automated design. This process provides practices to integrate all system’s
components into an unified model. The process considers third-party

requirements during the design of an embedded system and its software. A
whole simulation is carried out.

® Electronic design.
and producing elect

arious views covering the

This process contains activities to use tools for designing
ronic systems ranging from printed circuit boards (PCBs)
to integrated circuits. This is sometimes referred to as ECAD (electronic
computer-aided design) or just CAD.

Software development. This process contains activities to refine or extend
platform-independent models in the platform-specific design, to support
efficient code generation for the larget exccution platform. SPIES support
the concurrent development with the hardware and other components of the
embedded system through design and development phases.

Integration. This process provides activities to integrate the components in
several steps before the embedded system is tested. The integration phase of
the development cycle must have special tools and methods to manage the
complexity. The process of integrating embedded software and hardware is
an exercise in debugging and discovery.

Validation. The last validation phase may include extensive field testing and

validation, before the embedded system is ready for delivery and
maintenance.

Delivery and maintenance. The majority of embedded system designers
(around 60 percent) maintain and upgrades existing products, rather than
design new products. Developers should use activities to use the existing
documentation and the embedded system to understand the original design
well enough to maintain and improve it. This process requires tools that are
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especially tailored to reverse enginecring and rapidly facilitating “what if”
sccnarios.

e Measurement and analysis. The mecasurement process is a prerequisite for
all previous processes and for the successlul process improvement. In this
context, the SPIES mecasurement should be used for two purposes: evaluating
conformance of an ecmbedded system to the quality specilication, and
evaluating process-system relationships. This conceptual methodology
includes measurement explicitly and applies it for these two purposes. SPIES
defines criteria to which an embedded system development focused on SP1
needs to comply. These criteria are depicted in Figure 5, together with an
overview of the relationships between the criteria and the proposed layers.

[ Criteria SPIES layers |

1.Explicit specification of

embedded system quality
2. Explicit rclation process to

embedded system quality
3. Using “effective practices™

Management layer

Engineering layer

4. SPI support for individual and
grouping projects
5. Measurement of process and
embedded system quality
6. Mcasurement of costs and
benefits of SP1 activities
Fig. 5. Relation between SPIES criteria for embedded systems.

Support layer

AN

5 Testing the SPIES methodology

To evaluate the applicability of our methodology, we have successfully implemented
a prototype with SPIES development, called the traffic light system, in our
undergraduate classes and research work. During the original course, we gave
students a complete course of embedded systcms development. The traffic light
system was designed to be used inside the faculty campus and includes three
components: the sensor component for detecting vehicles and pedestrians, a Front
Panel Display (FPD) to automatically configure the system. and the internal
component to manage the traffic. It is important to say that as we are talking about a
University environment, there is no such traffic as a common street. As illustrated in
Figure 6, the traffic management component includes five modes: safe intersection
mode. evening low volume mode, responsive cycle mode, fixed cycle time mode, and
adaptive mode. The sensor can detect vehicles (priority vehicle and emergency
vehicle) and pedestrians. This figure was obtained by RES activities related to

Rhapsody tool.
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We will briefly explain how the SPIES methodology is used. Our methodology
begins with the planning process. Our students fulfilled the “Project plan template™ to
start the embedded system decvelopment. Managing embedded projects can be a
conflict in disciplines, with the need to foster engineering creativity while wrapping
the students in cnough process to keep them on track. SPIES grouping contains
effective practices for creating a project plan, tracking the plan against reality,
managing contracts and delivering a project on time and budget. Figure 7 shows an

example of two SPIES templates to generate a project plan.
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Fig. 6. The traffic light system.
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Table 2. An example of SPIES activities for RES process

RES 1.1 | Identify and describe ideas for new systcim

RES 1.2 | Prepare preliminary description of the new system
RES 1.3 | Establish system requirements

RES 1.4 | Identify interface requirements

RES 1.5 | Establish operational and functional scenarios
RES 1.6 | Establish a definition of required functionality
RES 1.7 | Validate requirements

RES 1.8 | Manage requirements changes

RES 1.9 | Maintain bidirectional traceability of requircments

140

Student responsibility for collecting information and feedback from the experience
plays an important role in this phase. All the collected information 1s updated in the
knowledge repository to increase the set of effective practices and relate it to future
projects. The role of RES is emphasized in the Product Design phase, where the
system level architecture of the system implementation plan is refined with
specifications for the software, electronic hardware, mechanical hardware, and more.
RES 1.2, 1.3, 1.4 and 1.5 activities are supported by additional activities related to
Rhapsody Tool. SPIES includes these activities to establish a formal process for
obtaining and understanding the embedded system requirements. Figure 8 illustrates a
set of general requirements, based on SPIES activities for modeling on Rhapsody, for

our experimental project.
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In the traffic light system described above, we only give a general explanation of
how SPIES works in specific process areas (specifically RES) and omit other
processes specification which are given in Section 4.1 because of the length. A
photograph of the traffic light system can be seen in Figure 9. It is developed with our
SPIES methodology and software architecture and was developed in our group in
collaboration with postgraduate students and research partners.
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Fig. 9. a) The traffic light component. b) The management traffic light system.,

Fortunately, using the engineering layer (discussed earlier in Section 4), we can
shield the embedded software from hardware dependencies. Hence, the embedded
software could be designed by following the SPIES activities and by modeling and
simulation in Matlab/Simulink and Rhapsody tool, while abstracting from hardware
details. Finally, the code is generated in C++ and deployed,

5 Conclusions and Future Research

The methods used, tools and techniques for embedded systems development do not
only vary between companies and research institutes, but also within companies and
universities themselves. Frequently, there is a general high-level approach present, but
not much is standardized on a more detailed level. Thus different projects often use
different tools and notations. Besides, a relevant factor mentioned in [4] when
applying SPI approach to embedded systems development is the limited management
support that disenables the successful factor. We think that the combination of two
quality models (CMMI-DEV v1.2 and TSP) to improve the development cycle can
support a formal process to avoid this lack of management, It is true that SPI depends
on a company's capabilities (human, infrastructure and resources) and business
strategies. But, the process development relies on standardization management too.
CMMI-DEV v1.2 concentrates on project management and pay attention to technical
course. We think that the standardization on technical processes for embedded
systems is a crucial element to improve the quality of the final product.
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In this paper, we presented a methodology for developing embedded systems using
the SPI approach. We define the SPIES methodology and phases for the development
process specilication for embedded systems supported by TSP model. The SPIES
methodology is based on effective practices and cheap compared with buying tools
scparately (in fact our methodology is Open Sourcce). We bricfly show experience
about the implementation of a traffic light system using SPIES mcthodology.

One of the observed disadvantages of SPIES is related to the previous knowledge on
quality models that could be difficult to use. The rcpository knowledge can solve this
problem through feedback from users.

As future work, we will refine effective practices through experimentation giving a
formal architecturce style for the construction of an automated software that
implements the practices reflected in SPIES.

We will implement our methodology in enterprises, and modify it according to
users® lessons learncd. Finally, more experiments in academia will be defined and
carricd out at one or more of the industrial partners to test SPIES in real-world

environments.
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Abstract. Spiking Neural Networks (SN Ns) have become an important
research topic due to new discoveries and advances in neurophysiology,
which suggest that information among neurons is coded, interchanged
and processed via pulses or spikes. Two important aspects of SNNs are
coding and learning as means to represent information and acquire know-
dledge by experience, respectively. The SpikeProp algorithm has been
proposed as a learning algorithm for SNNs with good results in classifica-
tion and pattern discrimination. SpikeProp algorithm requires a coding
scheme called Gaussian Receptive Fields (GRFs). which converts real
data to firing times. In this paper we explore the feasibility of using FP-
GAs for developing specialized hardware modules for GRF coding and for
large scale simulations of SNNs. Modularized processing elements were
designed to evaluate different implementation tradeoffs and to promote
scalability of the model to larger FPGAs. Results and performance statis-
tics are presented, as well as a discussion of implementation trade-offs
using pattern classification problems as a case study.

1 Introduction

Spiking Neural Networks (SNNs), classified as neural models of third generation
(1], have become an important research area due to its biological plausibility.
Roughly speaking, the behavior of ideal spiking neurons is described as follows:
A typical neuron can be divided into three [unctionally distinct parts, called
dendrites, soma and axon. The dendrites play the role of the “input device” that
collects signals from other neurons and transmit them to the soma. The soma is
the “central processing unit” that performs a nonlinear processing step. If the
total input exceeds a certain threshold, then an output signal is generated. Then,
the output signal is converted by the “output device”, the axon. which delivers
the signal to other neurons. The biological neuronal signals consist of short
electrical pulses. The pulses, the so-called action potentials or spikes, have an
amplitude of about 100 mV and typically a duration of 1-2 ms (2]. It is recognized
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that SNNs are capable of exploiting time in a sophisticated manners a resource
for information coding and computation. Learning in traditional, artificial neural
networks is usually performed by gradient ascendant/descendant techniques to
find the network parameters to perform a given task. For SNNs these techniques
are extrapolated and the SpikeProp algorithm, has been proposed for learning
[3] (] [5] [6] [7] for neurons modeled by the Spike Response Nodel (SRM) [8].
The motivation of digital implementations of SNNs is as diverse as the
background of the researchers. but most implementation look for performance
speedup and/or a large scale simulations. Spiking models are less hardware-
areedy than classical models, and accuracy results compared to classical neural
networks are similar [9]. Due to programmability, digital hardware offers a high
degree of flexibility and provides a platform for simulations on neuron level as
well as on network level [10]. In [L1], several hardware platforms used for sim-
ulation of SNNs are reported. where the network sizes range from 8K to 512K
neurons. The presented results concluded that only supercomputers can cope
with the computer processing demands of these type of networks, however other
alternative exist, such as FPGA-based computing, for such kind of processing.
This paper is divided in 5 parts. Section 2 presents an overview of coding
schemes and recall phase of feedforward SNNs. Section 3 describes the proposed
architecture for each stage of the SNN processing. In Section . experimental
results about performance of hardware blocks are presented, with a tradeoff

discussion. Finally, in section 5, conclusion and future work are presented.

2 Background
2.1 Population Coding using Gaussian Receptive Fields (GRFs)

The application of GRFs for supervised learning was introduced in [3], where a
set of analog variables is fed into the GRFs to convert them in pulse streaming
suited for the SNNs processing and learning. A Gaussian function is defined by:

(r=1)?

f(x) = ae 2«3 (1)
for real constants a > 0, the height of the Gaussian peak, b > 0, the position of
the center of the peak and ¢ > 0 controls the width.

A real input value is encoded by an array of receptive fields. The range
of the data is first calculated, and then, each input feature is encoded with a
population of neurons that cover the whole data range. For a variable with a
range [I]} . I%..], a set of m GRF neurons are used. The center b; of each

mint**

GRF neuron is determinated by:
1 2i—-3
m — 2 (Iaz — min) ’
And the width o of each GRF neuron i is determinated by:
1 1
a = v ’
(m— 2) B(Imax — Lnin)

bi = Imin +
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where the proposed value for 3 belongs to the range [1,2].

[ weear + annew - (einaw ¢ iAvivazi]

] //7]

FT) ) es : = 3

Fig. 1. Example of GRFs coding

The process of coding an analog variable is shown in figure 1, where the total
number of GRF' is four, and the overlapped GFs are plotted together. The value

to be coded is 0.3 (shown as a vertical line), and the evaluation of that value in
each GRF is shown by a horizontal line.

2.2 Spiking processing in recall phase

A neuron j, having a set I'; of immediate predecessors (“pre-synaptic neurons™),
receives a set of spikes with firing times ¢;,i € [j. Any neuroun generates at most
one spike during the simulation interval, and fires when the internal state variable
reaches a threshold ¥. The dynamics of the state variable x(t) are determined
by the input spikes, whose impact is described by the spike-response function
A(t) weighted by the synaptic efficacy (“weight”) w; i

2i(t) =" wije(t - t;) (1)

i€rl;

A network consists of a fixed number of m synaptic terminals (or connections),
where each terminal serves as a sub-connection that is associated with a different
delay d and weight w. The unweighted contribution of a single synaptic terminal
k to the state variable y is given by:

yF =t —t; - d¥) (5)
where €(t) is the spike response function, with £(t) = 0 for t < 0. The time

ti is the firing time of a previous neuron i, and * is the delay associated with
the synaptic terminal k. The spike response function is given by:

t '
g(t) = —ell=7) :
) ="te ©)
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Extending (1) to include multiple synapses per connection and, substituting
in (5) the state variable &; of neuron j receiving input from all neurons #, the
network can be described as the weighted sum of the pre-synaptic contributions:

m
xi(t) =YD (wii*y! (1) (7)
i€l k=1
The target of learning through the SpikeProp algorithm is to get a set of firing
times !j-' . at the output neurons j € J for a given set of input patterns Plty...tx),
where P[t;...t] denotes a single input pattern described by single firing times
for each neuron h € H. The error-function is defined by:

E=3 > (-t (8)
JEr;
where ¢ are the desired firing times and ¢ are the actual firing times. The
details of the SpikeProp algorithm are out of the scope of this paper, but it is
being considered for further on-chip implementation. See (3] for further details
on SpikeProp.

3 Proposed Architecture

The dataflow for the architecture is shown in figure 2. The input data set is or-
ganized in rows and columns. The columuns are the datasct attributes, while the
rows are the dataset samples. The class colunn is stored in a separated memory
region. The input dataset is passed through the GRFs, which main function con-
sists of codifving the input data into firing times. Once this transformation has
been carried out. the firing times are passed to the SNN module, which computes
the outpul as firing times. Then, the output firing times are passed Lo a class
decoder. which obtains the class assigned by the network to the input pattern.
Finally, the network perforiauce can be evaluated, comparing the class obtained
by the network with the original class assigned to that pattern. Additionally, a
hardware-based learning module can be implemented for adjusting weights and
delays for learning from a dataset for a specific application.

3.1 Architectural Overview

The proposed hardware for carrying out the dataflow previously explained is
shown in figure 22. A system with 2 data buses is proposed. The Global Data Bus
conneets external memory elements with internal routers. The internal routers
send data to each one of the processing clements. The processing elements rearl
from the bus their input data, process them and output the results on other data
bus, which feed an output router. The output router can send data to memory,
or to other router (the input router of other process). '

The control bus contains all the control signals generated by the global control
unit. The control unit gencrates the synchronization signals required [or each
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Fig. 2. Architectural dataflow

module in the proposed architecture. There
first one is the Gaussian Receptive Fields Pr
the input data into firing times. The seconc
Processor (SNLP), which obtains the network output for a given input firing
times pattern. These processors are explained more in detail in this section.
The proposed architecture reads the first k-columns of the dataset, and the
GRF coding is applied to that input data (using one or more GRFPs) for ob-
taining the input firing times corresponding to those input data. Later, the
architecture takes the input firing times and generates the network output (or
output firing times). Depending of the layers implemented in the SNN, is the
number of implemented SNLPs (at least one SNLP must be implemented for
2-layer SNN). This process is repeated until all the patterns in the dat
a number of patterns previously established)

are two type of processors. The
ocessor (GRPF). which transform
I one is the Spiking Neural Layer

aset (or
have been evaluated.

Gaussian Receptive Field Processor In figure L, the main components of
the GRFP are shown. The main components are described below:

— Internal Control Unit. This component receives control signal from Global
Control Unit and gencrates the appropriate
of the GRFP.

= Mazximum-Minimum-Range Computation Module (MMRCAM). This moclule
accesses to the dataset and computes maximum, minimum and range for
each data column of the dataset. This module can be excluded from the
architecture or not synthesized if these parameters are known or were pre-
computed before coding. The results obtained by this module are stored in
the Maximum-Minimum-Range Memory(MMRAI).

— Centroid Computation Module (CCM ). This module computers the gaussian
centroids as defined by equations 2 and 3. The total amount of centroids

control signal for the components
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Fig. 3. Complete architecture with GRFPs and SNLPs modules

required depends of the number of gaussian fields required. The results ob-
tained by this module are stored in the Centroid Memory (CM).
Parameters Memory (PAM). The statistics and centroids are stored in this
memory and later sent to each GP for the Gaussian Field Computation.
Temporal Registers (TR). Data from the input dataset are stored in an array
of temporal registers. Each one of the GPs accesses to this register for ol;-
taining the corresponding firing times according to the number of gaussian
fields processor outputs.

Gaussian Processor (GP). This module performs the computation of each
gaussian function of the gaussian array. Each GP reads data from all the TRs
and obtains the Gaussian codification of that value, and later the results are
stored in the corresponding FT.

Firing Times Memory (FTM). The firing times generated for each GP are
stored in this memory. Later, the data are sent to the router for storing in
external memory or to be sent to the SNLP.

The proposed architecture for the GRI'P is designed to be flexible and mod-
ular depending of the required degree of parallelism. The parameters for archi-
tecture compilation that can be set for this processor are the number of gaussian
fields, the width of the gaussian fields and the gaussian fields separation.

Spiking Neural Layer Processor (SNLP) This processor performs the recall
phase in SNNs, which consists on the firing time computation of both hidden
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Fig. 4. Main components of a GRFP

and output neurons layers. The neural computation takes as input the firing
times generated by the GRFPs. In the actual implementation, this processor is
designed for working only with feed-forward SNNs, but it can be modified for
supporting other connectivity schemes. The quality and precision of the GRF
coding performed by the GRFDs is a critical factor for the network performance
(related to the classification accuracy, not performance). The processor contains
a set of modules called Neural Processors (NPs), which are grouped in layers
depending of the requirements of the implemented SNN. A SNLP contains a
set of fixed NPs, which are assigned for computing the nenron firing time for
exactly one network layer. As reported in several applicatious, for the proposed
architecture only two layers of Spiking neurons are defined (and only 2 SNLPs
arc implemented), but the proposed architecture is designed for !

implementing
more neuron layers by delining more than one SNIP.

4 Implementation and Results

4.1 TFPGA implementation

The proposed architecture was implemented and synthesized on an Alphadata
ADM-XPL board, which hosts a Virlex- [ PRO FPGA. The hardware resources
for the target FPGA device are shown in table 1. The target platform has a PCI
interface, thus it is hosted on a desktop PC. The proposed architecture is fully
modeled using the Handel-C Hardware Description Language.

The proposed architecture was designed for support ing as many processors as
possible, limiting the implementation to the hardware resources available on the

7
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target FPGA. In order to explore the parallelism tradeolfs. different implemen-
tations were synthesized. In table 2, the hardware resource utilization for each
implementation is shown. For validating the GRF coding, only one GRFP mod-
ule was synthesized (In table 2, second column). For validation the GRF coding
and network performance, several NPs (-1L,8, and 16 NPs) per SNLP (only 2
SNLPs) were synthesized (In table 2 from third to fifth column).

Table 1. Characteristics of the target FPGA device

4-Input Total Tc;t:_;I Total
FPGA LUTs Slice-FFs Slices BRAMs MULT18x138s
xc2vp30-6ff896 27,392 27,392 13,696 1306 136

4.2 Performance results

The implemented architecture was tested using several variations of the input
rameters. The input simulation parameters that can be set are:

pa
— Number of examples (rows) and variables (columns) of the input dataset.
— Number of gaussian fields used for each variable (the number of input neu-
rons is given by the product of total variables by the number of gaussian
fields associated to each variable).
[ v ZG PP 4GP L] W 1GAFP— 4GP I 51/ ] (v -2GRFP-8G Py ) W~ 1GFP-aG s I SW |
o1s v v o\l 00X .
an 03
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Fig. 5. HW versus SW execution time comparison for the GRFPs

Execution time comparison for the coding module is shown in figure 5, where
the “SW" label means execution time in software, on a PC with a Pentium-4
processor running at 2.66 GHz. The “HW-2GRFP-1GPs" label means execution
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time in hardware using 2 GRFPs with 4 GPs, the “HW-1GRFP-1GPs™ label
means execution time in hardware using 1 GRFP with 1 GPs, the “H\W-2GRFP-
S8GPs” label means execution time in hardware using 2 GRFPs with 8 GPs and
the "HW-1GRFP-8GPs” label means execution time in hardware using 1 GRFP
with 8 GPs. The number of computed GRFs is -1 GRFs for figure 5(a) and 8
GRFs for figure 5(h).

Execution time comparison for the overall architecture is shown in figure
6, where the "SW" label means execution time in soltware, on a PC with a
Pentium-4 processor running at 2.66 GHz. The HW-XP means execution time in
hardware with 2 SNLPs with X NPs each. The experiments were performed with
real data obtained from standard datasets used in machine learning applications.
For the first experiment, the Iris dataset from the UCI Repository of Machine
Learning Databases [12], with 150 instances and discrete attributes was used.
The performance for several topological variations of the implemented SNN for
the Iris dataset is shown in figure 6(a). For the second experiment, the Wisconsin
Breast Cancer (WBC) dataset from the UCI Repository of Machine Learning
Databases [12], with 699 instances and 9 attributes was used. The performance
for several topological variations of the implemented SNN for the WBC dataset
is shown in figure G(b). The reported execution time is the total amount of
time required for both hardware and software implementations to perform the
network output computation for the entire dataset,.
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Fig. 6. HW versus SW execcution time comparison (real datasets)

4.3 Discussion

The architecture described in this paper is an extension of work reported in the
past. A first attempt for implementing an FPGA-based architecture for Spike-
Prop is reported in [13], using the original Spikeprop algorithm reported in (3].
The proposed architecture was validated by obtaining the same classification re-
sults as the original application. In a second attempt [11], several improvements
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Table 2. Hardware resources for the complete architecture

# e —
Resources GRFs 8 NPs 16 NPs 21 NPs
o oNy
Slices 1.166 6.813 8,225 9,711
30% 50% 60% %
Max clock
freq 66,8 66,84 65,17 64,22
(Mhz)
Gate

Count 158,161 2.523,393 -1,155.493 5,791,707
———_— e

to SpikeProp were integrated into the architecture previously proposed. It is
specially interesting the reduction of the number of synaptic terminal from 16
synaptic connections in the original SpikeProp algorithm to 2 synaptic connec-
tions reported in [15], and the adaptations of RProp and QuickProp algorithm
established in [1]. The recall phase is fully implemented, but the learning is vali-
dated only by an off-chip execution. In the first and second attempts, the coding
problem was not explored. In a third attempt [16], a hardware architecture for
the gaussian receptive fields coding is reported. Tests with randomly generated
datasets are reported. In a fourth attempt [L7], a generic hardware core for oh-
taining the network output for multilayer SNNs based on SpikeProp algorithm
is reported. A previous version of the learning implementation is reported, as
well as an estimation of hardware resources and performance. In this work, an
integrated architecture and new improvements are reported. The novelty of the
present work cousists on the flexibility and scalability of the proposed archi-
tecture. as a compact core that can be used for a wide variety of classification
problems, allowing the tunning of several parameters for both coding and recall

phases of SNNs and improving in performance.

[n the first part of the chain of processing of the proposed architecture, the
GRF coding is performed using GRFPs. When synthesizing the proposed ar-
chitecture with only GRFPs (the SNLPs were excluded), execution time results
were obtained, and the obtained performance improvement falls in the rance
from X to 16X depending of the number of implemented GPs. The maximu?n
number of GRFs that can be computed is established to -l, as proposed in [4],
since 1 if good enough for obtaining an acceptable network performance, but if
more GRFs are required, the architecture can be synthesized for fitting that re-
quirement. These improvement rates are obtained because each GRF is mapped
in one separated module, and several patterns (when adding more GRFPs) can
be processed in parallel. About 30% of the target FPGA device is used when only
GRF coding is implemented. The implemented GRFP uses ouly 4 GPs. If more
GRFPs and GPs are required, then the architecture can be extended, but this
involves more hardware resources for the GRFs coding. Using the implemented
cores only for coding, at least a 2X performance improvement is-obtained, and
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for the performed experiments, a maximum performance improvement of 16X is
obtained.

In the second part of the processing chain, the SN LP are added to the im-
plemented architecture. The obtained performance improvement is from 4X to
20X depending of the number of NPs. About 50% of the FPGA device is used,
with 1 GRFP and 2 SNLPs implemented. This core combination can be con-
sidered as the "minimal” implementation that functionally can achieve all the
computations required for the SNNs described in this work. When using the
“minimal™ architecture, at least a 3.5X performance improvement is obtained
for the smallest tested network, and a maximum 9.5X performance improvement
for the large network tested in this work. When using more that 4 NPs for SNLP,
the area required for the design is increase by a 1.5 factor. The limitation for
the implementation of more SNLPs is the target FPGA available resources. The
used hardware resources scale linearly with the number of neurons, and the per-
formance decreases linearly but with a small slope compared with the hardware
resources increasing. The performance nmprovement ig very good (in the order
of 7X to 9X), when using regular topologies (networks with the same number
of neurons in each layer), and not too good (about 2X - 4X) when using an

unbalanced number of neurons in the layers (see figures 6(a) and 6(b) for an
example).

5 Conclusions and future work

A scalable and modular hardware core for SNNs has heen proposed. The archi-
tecture is based in two phases: one preprocessing phase (GRF coding) and one
processing phase for multilayer SNNs: the recall phase. For eacl one of these
phases, a hardware core is proposed. For the coding phase, the GRFs is per-
formed by a set of processors called GRFPs, a performance improvement of at
least X is obtained. For the GRFs combined with the Recall Phase, a per-
formance improvement of at least 3.5 X is obtained. The improvement to the
first hardware core is reported in this work, while the second hardware core was
left unmodified from the original version reported previously in [17]. The inte-
gration of both cores is fully documented in this work, as well as performance
and resource utilization statistics. The proposed results shown an important im-
provement in performance with respect to SW-based implementation, and the
modularization of the proposed architecture allows to implement the proposed
architecture using larger FPGA devices.

As future work, the integration of both learning and recall blocks with the
implemented modules is proposed. The reuse of hardware resources can improve
the execution time, allowing to have a better network performance. If all the
stages of the neural processing are implemented on-chip, the compactness of
this core can allow the implementation of high-performance classifying systems.
The testing of the proposed architecture with more standard datasets used in
Machine Learning algorithms is required, and the integration of the core with
more challenging neural networks applications, like speech recognition is needed.:

11
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Abstract. The Team Role Theory sustains that a balance among the members’
preferences towards certain roles improves the team performance. In this paper
an Intelligent Virtual Agent originally designed applying an emotion-based
architecture to generate particular behaviors, is modeled according to compatible
team role characteristics, in order to substitute a student when required, during

the execution of a socio-technical task. An exploratory study is also briefly
commented.
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1 Introduction

The reciprocal interplay between learning and working has contributed to the
understanding to one another. In this context, the Team Role Theory although
originally proposed for working teams, has being found beneficial for the construction
of knowledge in Computer Supported Collaborative Learning (CSCL) environments
1]

[ ]While the main purpose of CSCL is to scaffold students in 1
effectively; its aim of research comprises not only the techniques by
organization to better support collaborative Icarning [2].

Some learning groups seem to interact naturally, cven though, others struggle to
maintain a balance of participation, lcadership, understanding, and encouragement [3].
According to the Team Rolc Theory people tend to behave, contribute and interrclate
with others at work in certain distinctive ways.

carning logether
1t also the social
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A balanced combination on these preferred ways of interacting with others while
working is expected to result in a more successful team than those with an unbalanced
composition [4].

On the other hand. Collaborative Virtual Environments (CVE) are a powerful tool
for learning that combine virtual worlds in a distributed system, offering a shared space
where the students can navigate, and interact with peers, data and objects through
visual and auditory channels [5]. In Virtual Environments (VE), materials do not break
or wear out; while they allow safe experiences of distant or dangerous locations and
processes [6]. Their main uses are likely to be where spatial tasks are involved because
they are commonly and predominantly visual; where co-presence is required; and where
it is more effective or more cnjoyable to carry out a task or activity in virtual than in
real, for reasons of cost, safety or interpersonal difficulty [7].

CVE's characteristics make them proper for socio technical tasks (like training in
coordinated situation such as rescue operations or enterprise logistic). While this type
of tasks is accomplished on line, creating the plan or evaluating results could be carry
out by an asynchronous participation, but when it comes to its exccution, all the
students may need to interact at the same time. In which case a pedagogical agent could
take a student’s place while at the same time plays the required team role for balance,
an agent that will act accordingly to the requirements of the task and to be compatible
with the other students’ personal characteristics. The agent can either balance the team

roles or replace a student.

2 Intelligent Virtual Agent Architecture for Team Roles

PANCHO (Pedagogical AgeNt to support Collaborative Human grOups) is an
Intelligent Virtual Agent designed applying an emotion-based Architecture to generate
particular behaviors [8], in this case, related to the team roles as defined by Belbin .

The Belbin's team roles [4, 9] is one of the more well known instruments related to
personality and team preferences, the earliest and still the most popular categorization.
Belbin proposed nine team roles classified in three types: People oriented (P), Cerebral
(C), and Action oriented (A), see Table 1. A balanced team should have members of
different kind of roles.

In order to identify the role a person will have in a team, Belbin [9] designed a
questionnaire for the team member called the SPI: Self-Perception Inventory
complemented by the group member, and confirmed by other questionnaire filled out
by his/her peers.

Belbin [4] identified that certain roles are compatible or not with the others, and
associated this compatibility to a hierarchical situation such as supervisor or peers.
Because in a proper collaborative learning situation it is cxpected to avoid the
hierarchical organization [10, 11], only the relation between the team roles in a flat

structure are here presented in Table 2.
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The team roles are closely related to people personalities. One of the personality
models morc used as reference is the OCEAN or Big Five Model [12], this model
distills the differences between individual personalities into five basic personality
factors very bricfly explained: exmraversion. socially compromised; agreeable,

concerned with cooperation and social harmony;

conscientiousness, impulses control;

neuroticism, cmotionally reactive; and openness, conventional.

Table 1. Belbin’s Team Roles

Kind Role Description
(SH)  Sharper Dynamic, challenging. Has drive and
courage to overcome obstacles.
(Aletion (IM)  Implementer piscip.lines. reliable, conservative. Tums
oriented ideas into practical actions,
(CF)  Completer Finisher Painstaking, conscientious, anxious.
Serarches out errors and omissions, delivers
on time.
(CO) Coordinator Mature, confident, a good chairperson.
Clarifies goals, promotes decision making.
(P)eople (TW) Team Worker C'ooperalivc. mild, perceptive, diplomatic.
oriented Listens, builds, averts friction.
(RI)  Resource Investigator  Extrovert, enthusiastic. Explores
opportunities. Develops contacts.
(PL)  Plant Creative, imaginative, unorthodox. Solves
difficult problem:s.
(ME)  Monitor-Evaluator Sober, strategic, discerning. Sees all
(C)erebral options.
(SP)  Specialist Single-minded, self starting. Dedicated.

Provides Knowledge and skills in rare
supply.

Lindgren [13] reported a rational analysis of those personality factors that influence
the most each Belbin’s Team Roles. Lindgren gave positive or negative weight to each
personality factor for each team role as shown in Table 3.
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Table 2. Team Roles relations in a flat structure organization
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Relation
Role Compatible with Incompatible with
(Preferences)
Sharper (SH) Resource Investigator (RI) Coordinator (CO)
Team Worker (TW)
Implementer (IM) Coordinator (CO) Implementer (IM)
Resource Investigator (RI) Plant (PL)
Monitor-Evaluator (ME)
Specialist (SP)
Completer Finisher (CF)
Completer Finisher (CF) Implementer (IM) Resource Investigator (RI)
Monitor- Evaluator (ME)
Coordinator (CO) Team Worker (TW) Sharper (SH)
Implementer (IM)
Team Worker (TW) Team Worker (TW) Sharper (SH)

Resource Investigator (RI)

Plant (PL)

Team Worker (TVW)

Implementer (IM)

Complcter Finisher (CF)
Specialist (SP)

Plant (PL)

Monitor-Evaluator (ME)

Specialist (SP)

Coordinador (S)
Resource Investigator (RI)

Tecam Worker (TV)

Coordinador (S)

Implementer (IM)

Implementer (IM)
Team Worker (TV)

Monitor-Evaluator (ME)
Plant (PL)

Specialist (SP)
Implementer (IM)
Completer Finisher (CF)
Monitor-Evaluator (ME)
Plant (PL)

Plant (PL)

Resource Investigator (RI)




Table 3. Lingren’s [13] relation between Team Roles and Personality Factor

Tear Bols Personality Factor

Extraversion  Agreeablenes  Conscientiousnes Neuroticis Opennes

M s () s (IID) m (IV) s (V)

Sharper (SH) 9 -5 1 -1 0
Implementer 0 0 7 -
o 0 3
Completer 0 1 8 3 1
Finisher (CF) X
Plant (PL) 0 0 -2 -1 11
M onitor- -3 -4 2 2 3
Evaluator (ME)
Specialist (SP) 1 -2 8 0 1
Coordinator 3 3 2 4 2
(co)
Resource 8 0 -3 1 2
Investigator (RI) i
Completer =2 5 0 -1 2

Finisher (CF)

Accordingly, the virtual agent Pancho defining characteristics DCPancho) as part
of the team will be: its kind of team role KR(Pancho); its team role TR(Pancho), and

the personality factors that correspond to them P(Pancho), that is: DC(Pancho)=
KR(Pancho) IRPancho)  P(Pancho).

We will first establish the agent’s Kind of role that will balance the team, then the
specific team role according to the defined kind, and to be compatible with the other

team members, and finally the personality factors that match the team role and will
determine its socio interaction.

2.1 The Team Roles Balance

A small group is recommended for collaborative learning in order to give all of its
members the opportunity to participate. There is not an exact specification about how
many members a group should have in order to be called a small, but in groups with
more than five members there is a general complain about participation restrictions.
[14]. A group integrated by three members was selected to exemplified the approach;
according to Bean [15] an optimal group size for the workgroup. To balance the team,
the first defining characteristic is the kind of role (KRole) that the agent must play,
considering X, Ty Human Group withx? y:
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RealTeam = { KRole(Tx). KRole(Ty)) IdealTeam = {A. P. C}
If KRole(Tx) ? KRole(Ty) ? KRole(Pancho) ? ( Ideal Team — RealTeam ).

If KRole(Tx) = KRole(Ty) ? KRole(Pancho) = p ? KChoice[p] > KChoice[q]
where p ? q. p ? KRole(Tx) and q ? KRole(Tx).

Then by an analysis of incompatibilitics the agent team role might assume is, for
example, if the agent got a People Oriented team role then:

If (KRole(Pancho) = P) ? (TR(Tx ) = SH ? TR(Ty ) = SH) ? TR(Pancho) = RI.
If (KRole(Pancho) = P) ? (TR(Tx ) ? (CF.SP) ? TR(Ty) ? {(CF.SP)) ? TR(Pancho) ? {CO.TW})

If (KRole(Pancho) = P) ? (TR(Tx) ? (SH.CF.SP)) ? (TR(Ty) ? (SH.CF.SP))? TR(Pancho) ?
{CO.RLTW}

Once the agent team role is defined then its personal factors can be shaped.

2.2 Shaping the Agent’s Personality

Pcople tendency does not necessarily mean they will always act in the same way, al-
though they may have a deep marked tendency. The heuristic adopted for generic pur-
poses was to restrict the values for each of the five factors as presented in Table 3,
allowing the tendency to move accordingly to a range of possibilities. Through fuzzy
logic linguistic labels, the quantitative of the personality factors are transformed to
linguistic variables (as in [16]), see Figure 1. The qualitative linguistic values that
each personality factor will take accordingly to the Lingren’s weights (Table 3) are
presented in Table 4.

M

Fig. 1. Semantic Model for the factor degrees
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Table 4. Personality factors heuristic in a qualitative domain

Quantitative Domain Heuristic Qualitative Domain
N S J A" C
[0] Without influence. v v v v v
All values
[-2, -1] Minimum influence. v v v v
Four values according to
[1,2] the influenced pole v 7 v v
(-4, -3] Certain influence. Three v v v
values according to the
[3,4)] influenced pole v v v
[-7, -6, -5] Significant influence. v v
Two values according to
(5 6,7 the influenced pole v &
[-11,-10-9,-8] High influence. v
One extreme value
(8 9,10,11] W

The range for the restricted values for the personality factors of each team role for
the People oricnted, Cerebral, and Action oriented types are shown in Table 5.

The coordinator diflers from other People oriented roles for his/her emotional sta-
bility; he/she is a mature and confident person with high values for all the personality
factors. The resource investigator is enthusiastic and communicative person (extraver-
sion: completely) that develops contacts. The third Pcople oriented role, the team
worker is cooperative, mild and diplomatic (agrecableness: very, completely) but
he/she averts friction which may provoke cdginess (neuroticism: just).

The cerebral type of role is creative, imaginative, and unorthodox (openness: com-
pletcly) but he/she might be careless with the practical tasks. One main specialist cha-
racteristic is that he/she is highly dedicated (conscientiousness: completely). As of the
monitor-evaluator, he/she is strategic and a discerning person, although not very sens-

ible with his/her pecrs® problems (extraversion and agrecableness: nothing, slightly,
just).
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Table 5. Personality factors related to People oriented, Cerebral and Action oriented roles

People oriented roles

Coordinator Resource Team Worker
Personality Factors Investigator
Extraversion [, V.C] [C] [N, S, ), V]
Agrecableness 4, V,.C] [N, S, ), V,C] [V, C)
Conscicntiousness [S.J), V,C] [N, S,J] N, S,J, V. C]
Ncuroticism [J, V,C] 1S5:4: ¥, €] [N, S, J, V]
Openncss 3, V.C] [S.),V,C] [S.J: V. C)
Cerebral roles
Plant Monitor-Evaluator Specialist
Extraversion N, S, ), V,C] [N, S, J] [S,J,V,C]
Agrccablencess [N, S, J, V, C] [No S, J] [N- S, J, V]
Conscicntiousncss [N, S, ], V] [S,J,V, C] [C]
NcurotiCism [Nv S- Jl v] [S! J! vl C] [N| S‘ J, V, C]
Openness [C] I, v, C] [S,J, Vv, C]
Action oriented roles
Shaper Implementer Completer
Finisher
Extraversion [C] N, S,J,V,C] [N, S, 1, V, C]
Agrecablencss [N, S] N, S, LV, C] [5:.4, V;.C]
Conscicntiousncss [S, JV, C] [V, C] [C]
Ncuroticism [N, Sg Jl v] [N! S-n Jo V. C] [N, S, J, V]
Opcﬂﬂcss [N, Sq J: v! C] [N| Sg J] [Sg J-. V, C]

In the group of Action oriented type, the shaper is clearly sociable when trying to
achieve a goal (extraversion: completely), but his/her cold and critical personality can
create antipathy. The completer finisher and implementer have personality factors
similarities, both are responsible and not clearly sociable, but while implementers do
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not like changes (openness: nothing, slightly, just), the completer finishers are con-
scientious and perfectionist (conscientiousness: completely).

3 ¢Is Pancho my Teammate, a Coordinator or an Implementer?

The agent was implemented in an experimental CVE wit
goal is to transport a diplomatic by plain, throu
by other plains and ships with a determined path.

In the CVE, the agent performs the team leader either as a Coordinator or as an Im-
plementer. These roles were selected because they are different kind, the coordinator is
People oriented while the Implementer is Action oriented. Belbin [4] described the
Coordinator personality as one likely to be a more natural tcam leader. While the Im-
plementer best team quality is to execute the planned actions, and his/her leadership
may lack of spontaneity. Their personality factors were settled as shown in Table 6.

h ludic characteristics, which
gh an enemy zone constantly monitored

Table 6. Personality factors applied for the Coordinator and Implementer roles

Personality Factors Coordinator Implementer
Extraversion Very Just
Agrecableness Very Just
Conscicntiousncss Just Complctely
Ncuroticism Very Just
Openness Very Nothing

As mentioned, the intelligent virtual agent knowledge about the task at hand primar-
ily guides its course of action. And, it is part of an emotional-based architecture, this
means it reacts not only accordingly to its personality but also to emotions such as joy,
trust, or fear; attitudes towards its pears; and its physical state like being tired or thirsty
(see for further details [16]). However, the focus here is its team role characteristics.
The actions that the agent takes according to its team role are presented in Table 7.

Table 7. The agent’s actions taken accordingly to the team role

Situation

Coordinator action

Implementer action

dangerous type

risky type

a determined reached

pereentage ol the goal

Takes an immediate action (cven
if it is not the best one),

Scnds a message trying to
release the team tension
Elaboration of a number of
possible actions

Sends messages informing the
advances to the tcam's goals

Delays to take a decision until it
gets a clear definition of the
dangerous situation

Elaboration of an cfficicnt
combination of concrete actions
None
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With the idea to understand how the human members of the team perceived the Pan-
cho’s team role, a first exploratory study, briefly commented in the next section, was

conducted.

3.1 Exploratory Study

Four teams with two compatible different roles were formed with Computer Science
students. Each team completed the task with Pancho as the third member of the team
twice. each one with Pancho in a different role (Coordinator and Implementer).

The Belbin's [9] SPI: Self-Perception Inventory was adapted for three roles: the
coordinator. the implementer and the plant. And the participants qualified with it the

agent’s profile.
Results are shown in Table 8. The students identified correctly the Pancho’s team

role as Coordinator only two of the cight times (25% of the times), as Implementer
half of the times (four of eight times) and as plant 25% of the time. The Implementer
was identified correctly half of the time, twice it reccived the same qualification as
Implementer or Coordinator, and one the same for the three roles.

The results show a tendency to identify the agent as an Implementer regardless to its
defined characteristics. The onc condition that clearly affected the results is the small
size of the sample, but other conditions that may present more accurate results are a
larger number of different actions the agent could take, or a greater number of roles

that the agent could perform.

Table 8. The participants qualifications for the agent’s team role

Coordinator (CO)Team Role Implementer (IM)Team Role
Student CcO M PL cOo - M PL
0l 9 11 10 11 12 7

02 9 10 11 10 10 7

03 . 19 4 12 12 10

04 7 12 11 11 12 6

05 6 10 14 9 15 7

06 9 12 9 11 12 6

07 18 8 4 19 10 7

08 18 7 5 13 13 4

4 Discussion and Ongoing Work

In this paper we presented the rationalization for modeling an intelligent virtual agent
accordingly to a certain team role, with the intention to be compatible with a group ot’"
students that take care of a socio-technical task and during its execution. The task is
meant to be carried out in 2 CVE for learning. The agent can take the place of a student
in order to complement the group for training purposes or to balance the team.

The implementation of the approach was made in a CVE giving to the agent two
types of team role. An initial exploratory study was conducted, although with no posi-
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tive or certain results its main outcome is the insights that will help to create a more
adequate experimental design.

Currently we are working on the design of an experiment that can answer questions

about the improvement in the team performance by using our agent.
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Abstract. Water quality in aquaculture systems must be under control, a
disestablished ccosystem can be harmful for organisms. This work presents a
new tool for assessment of the ecosystem status based on a distributed system,
whose was developed in three phases: measurement (sensor), data acquisition
(conditioning and analog to digital converter), and signal processing (soltware).
A fuzzy inference System processes environmental information using a
reasoning process. Potential negative situations and harmful combinations
between physical-chemical variables are detected, providing a final water
quality index, which describes in a status level of the ecosystem (excellent,
good, regular and bad). A user interface was build for an easily water
management information of the assessed ponds.

Keywords: Water quality, fuzzy inference, aquaculture, artificial intelligence.

1 Introduction

The water management is an important factor in shrimp aquaculture where the
ecosystem must be under control. A disestablished habitat is not conducive for a good
farming, also an organism with a weakened immunological system is more likely for
getting Sick [1](for example Taura virus, Mancha Blanca, Cabeza Amarilla, Etc.).

The environmental variables have some concentration limits, where low or high
concentrations (depending of the variable) can be harmful for the organism [2]. [3],
[4]. Following this behaviors, it is possible to implement a model in the attention that
those limits and changes in the variables can be used for determining when a
concentration is good or bad for shrimp, and how the combination of the variables
affects the water quality in the artificial shrimp habitat. This strategy will decrease the
negative situations; consequently also it will decrease the stress in the organism, and
low mortality rates.

This rescarch is based on analyze the water quality of Litopenaeus vanammei
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shrimp, whose is cultivated in farms located in Sonora, Mexico, therefore toxic
concentrations for this organism will be analyzed for the construction of the

distributed system.

2 Distributed system

The production system and methods for Central America monitors in shrimp
aquaculture have different frequencies of environmental variables. Dissolved oxygen,
temperaturc and salinity are monitored daily: pH, ammonia, nitrate, turbidity and
algae counts arc measured weekly. In this work the pH variable is measured daily in
order to control possible ammonia concentrations. Chemical analyses do not come
into consideration for water quality management on a routine bases [5]. In attention of
those variables with a higher frequency of mecasuring, the distributed system is
implcmented using this sct.

The monitoring of physical-chemical variables can be classificd in three phases:
measurcment (sensor), data acquisition (conditioning and ADC), and signal

processing (software), Fig. | shows this process.

DISTRIBUTED SYSTEM
SENSORS | DATA ACQUISITION CARD | SOFTWARE
ADC — B | User Interface

/0

U g |

O

PRE -
PROCESSING

DO =5 CONDITIORING :ﬁi\mrunm ‘ = I%

'Eb- FIS
(WQy

L

Fig. 1. Architecture of the distributed system for assessment of water quality.

3 Sensors and data acquisition

Different cnvironmental scnsors was used for measuring the physical-chemical
variables, an explanation of how they were coupled in the distributed system is

presented in this section.

pH sensor
The sensor used for measuring the pH was a Signet 2717, which is characterized for

having a bulb ORP electrode with bulb protection and a preamplifier [6], whose has a
proportionality expressed as follows:




171  José Juan Carbajal Herndndez, Raiil A. Valero Cruz and Mauricio Sudre= Lopez
pH = (—59)[Lecture(mV)] + 413 (n

The conditioning is a treatment of the original signal for a better lecture of the
response. The pH conditioning consist on amplify the m¥ output in factor of x10
(Fig. 2), where an INA118 low noise instrumentation amplifier was used.

Temperature sensor

For monitoring temperature a LM35 sensor was used, whose output voltage is linearly
proportional to the Celsius (Centigrade) temperature. The measurement range is
between -55 — 150 °C, with a linear response of +10.0 mV/°C, as follows:

°C = Lecture(mV) x 100 (2)

The temperature conditioning consists on amplifying the mV output in factor of x10
(Fig. 2), as the pH an INA118 low noise instrumentation amplifier was used.

Salinity sensor

Salinity was measured using a conductivity sensor Signet 2819, which is
characterized for presenting a high resistance in a range between 18.2 MQ to 10 KQ
for salinity between 0.02 to 50 mg/L [7]. Conductivity sensor conditioning consist on

adapt a voltage divisor, measuring indirectly de resistance with a voltage produced by
the sensor Fig. 2.

°C = (—2.7378x1071%)[Lecture(Q)] + 5x10-3 (3)

Dissolved Oxygen sensor

Dissolved oxygen was measured using a TruDO sensor, which is used for the
measurement of the amount of dissolved oxygen present in a unit volume of water.
DO sensors do not measure the actual amount of oxygen in water, but instead measure
the partial pressurc of oxygen in water, which is dependent on both salinity and
temperature. The sensor output is a current that can be calculated from:

g 4A X F X P:;2 X P (t) [Amp] ()]
where Faraday’s constant, F, is 9.64 x 104 [C/mol], P,,(1) is the permeability of the
membranc (which is a function of temperature), 4 is the surface area of the noble
metal electrode, Py, is the partial pressure of oxygen, and d is the thickness of the
membrane [8]. Dissolved oxygen conditioning consists on convert current to voltage
using a LM308 operational amplifier (Fig. 2).

Data acquisition

Data acquisition from sensors must be transmitted to the PC, this process can be
implemented using a microcontroller PICI18F2550, and whose has an USB interface

that can be programmable using the MPLAB environment (MPLAB, 2009) [9]. The
circuit of the USB interface is shown in Fig. 2.



Distributed system for assessment of water quality in shrimp aquaculture systems 172

+Vcc
+Vce
VoH o NP -
e Signet
56K INA118 Vo Sensor 2M
E P Vo (to INA118)
= Vee —L_
WS
o |
L [ o | "
a — | 1 iR BT p—
foledao BE—
— ¥ BS |—
e Ve ] A2 B4l
x: ————{A3 B3—
*Veo 22.722xHz o e
—Av. /., BO}—
_-IDI-_‘ - CK1 =" oV
: 3 o T cf= 5.
o= p——o Vout R cs}— - —o ToUSB
T Lu3os 13F PP i o c‘—" cennector
SICISFIAN
= Ve — ——

Fig. 2. Conditioning diagrams for sensors; a) low noise instrumentation amplifier (x10); b)
Conductivity sensor connection, ¢) current to voltage amplifier (x1000) for dissolved oxygen,
d) a PICI8F2550 is used as interface to ADC conversion and USB communication.

4 Signal Processing

4.1 Physical - chemical classification

In order to classify the behavior of a physical-chemical variable it is necded to define
the ranges of optimal or harmful concentrations. The classification levels of the
physical-chemical variables (status) are defined in Table 1.

Table 1. Classification levels, tolcrances and limits of physical-chemical variables.

Variables Hypoxia/Acid Low Normal High Alkaline Tol Lim

Temp(C) - - 0-23 23-30 30-% -e-eee- +| ey |
Sal (mg/L) ————e- 0-15 15-25 25-0 =eeeem- *| +|
DO (mg/L) 0-3 3-6 6-10 10-00 --eem- 0.5 0.5

PH 0-4 4-7 7-9 9-10 10-14 05 0.5
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4.2 Fuzzy Inference Systems (FIS)

The Fuzzy inference systems (FIS) theory was applied in this study providing a non-
linear relationship between input sets (Physical-chemical variables) and output set
(Water Quality Index) [10], [11]. A FIS works in thrce phases: first it transforms real
values in fuzzy outputs for the system using membership functions. Second phase
proccss the fuzzy outputs using a rcasoning process bascd on rules. Finally the output
rules arc aggregated to create a final output, which is uscd to determine a [0, 1] index;
A Mamdani fuzzy inference system was developed in this work (Fig. 3).

Rule 1
—> Hremp
s Rule 2 WQI
GJ-—__’.
= Hoo o Excellemt
S e Good
- e Bad
8 . . e Regular
= . .
—»  Hpu
Rule 3
Meas ts : i B ' Water Qualit
;;lr:)uc?:‘:; t:y.:rc Membership outputs Rule outputs al::;g ias: 5
membership functions are evaluated by rules are aggregated calculated

Fig. 3. Architecture of the Fuzzy Inference System applied to the water quality problem in
shrimp farms.

Membership functions

Mcmbership functions transform real measurements in [0, 1] indices, those can be
implemented in different ways [12]. Expressions of fuzzy memberships are
implemented as trapezoidal functions and they can be mathematically expressed as:

X—a d—x}

= mi 5
Bwoi(x,a,b,c,d) mm{b—a'l'd—c &)

where «, b, ¢ and d are the membership parameters, x is the evaluated variable.

Ranges, limits and tolerances in Tablec | are used to build the trapezoidal membership
functions, whose are showed in Fig. 4.



Distributed system for assessment of water quality in shrimp aquaculture systems 174

1.0 ) 1.0 s
i Y B
08 } i 08 { -
| |
06 | [ 06 } |
= I = }
0.4 Low iNorma ; High 0.4 Low Norma ‘ High
02 } 3 02 . i
. H i
0.0 L A ' i 1 i [ MENEION IS A | 0.0 L I A L 1 i \ S TN TR TR T
0O S5 10 15 20 25 30 35 40 45 50 0 3 6 912151821 2427303336
Temperature ( C) Salinity (mg/l)
1.0 1.0 -
08 } 08 } {
06 | 06 | /
ot 7 = H . L
0.4 Acid | Low [.Normal[\High Alkaline 04 pHypoxy ow
}
0.2 F ‘;: 0.2 | i
0.0 PR T T T (- T — 0.0 - A L L I SR S

01234567891011121314

pH

1.0
08 }
0.6 |

=2
04 }

02 F ]

0 1 2 3 4 5 6 7 8
Dissolved Oxygen(mg/l)

Good

Excellent

0.0

0 010203040506 070809 1

wQI

Fig. 4. Membership functions for temperature, salinity, dissolved oxygen, pH and WQI.

Water Quality status

The ecosystem is always changing, and the combination of the variable
concentrations defines the status of the water quality. If a high impact variable reports
harmful concentrations, therefore the status of the water quality will be deteriorated
[1], [2), [3]- The water quality status has been classified in four levels, whose involve

all the hypothetical situations in a shrimp pond:

I.  Excellent: physical-chemical variables report concentrations in the optimal

range.

2. Good: One variable reports concentrations out of the optimal range; however
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this situation do not represents danger in the shrimp.
3. Regular: some variables report concentrations out of the optimal range, and
the combination between them represents certain stress level in the organism.
4.  Poor: all the variables concentrations are out of the optimal ranges, or a
variable with a high impact lcvel presents concentrations that could gencrate

a potentially danger situation in the pond (p. ¢j. extremely low oxygen
concentrations).

Reasoning process

There are some cxpressions that are frequently used by experts in water quality, that
expressions will be helpful for the construction of the FIS. This kind of cxpressions

implements the fuzzy language of the FIS and they are known as inference rules; they
arc represented as follows:

Rule 1: 1f Temp is normal and Salt is normal and pH is normal and DO is normal then WQI is Excellent
Rule 2: 1 Temp is normal and Salt is High and pH is alkaline and DO is fow then WQl is Poor

The size of the set rule depends of the number of rules that arc involved in the
environment; a total of 139 rules have been used in this case. An inference rule
process the membership functions values as:

MR (Ueemp: Bphs Bsal Mpo) = min{#%emp' iu'ial' 1o, Fim} (6)

where i, j, k and / are the ranges of the evaluated variables respectively.
Aggregation

Output rules are matched with the WQI membership functions as follows:

Hout = min{ug, pyor} (7
where / defines the assessed status.

Finally all output rules are aggregated in order to create a final membership
function, which is cvaluated using a gravity center method [11]. It is used for
transforming the output membership function in a [0, 1] value, this value represents
the Water Quality Index, where 0 means poor and | means excellent water quality.
Gravity center is calculated using the following cquation:

_ J xpoue(x)dx @
I Hoye (x)dx
Results using gravity center method never reach the maximunv/minimum values, in
order to rescale the output; the next expression allows having a [0, 1] index.
WQI — min (WQI) o
max(WQI) — min (WQI) ©)

where WOQI, is the normalized water quality index. The values for excellent, good.
regular and poor are |, 6.666, 3.333 and 0 respectively.

wQI

wal, =
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5 Software

A graphic user interface was developed in order to assess the artificial habitat in
shrimp aquaculture and for an casier handling end-user. Software interface have a set
of functions that allows the user assessing water quality, calculate averages, trends,
save and restore information as main functions. LabVIEW was used as programming
language, which is characterized for having a sct of virtual instruments, with a graphic
language and a customizable frontal panel as uscr interface [13].

CENTRO DE INVESTIGACION EN COMPUTACION
INSITIUIO POLITECNIOU NACIONAL a
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Fig. 5. User interface designed in LabVIEW environment.

6 Results

In order to prove de functionality of the fuzzy inference model, a data set was
extracted from a database of a shrimp farm of Rancho Chapo located in Huatabampo,
Sonora. which has a total 24 of measurements with a period of 15 minutes between

measurements.

Measurements
60 - Sal(mg/l)

28 T T M
48 -
égg Tepip ( C)

o 24 4

%g 1 iolgmﬁ/l) |: H
6 ]

'0 g T T 0 Y T T T T T T T Y g T T T Y ; Y 1

Samples
Fig. 6. Physical — chemical signals of the data set measurements registered in June of 2007.
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WQI Results
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Fig. 7. Water quality assessment using the data set measurements of June of 2007.

Fig 6 and 7 shows a comparison between measurements and results; in Fig. 6 salinity
reports valucs out of its range; Temperature reports values between 25 and 35 °C; DO
reports oscillatory concentrations, whose are lightly above of normal range at day
and bad range at night the firsts days. PH reports normal concentrations in the month.

In general salinity, temperature and dissolved oxygen report most of the time values
out of range; it is clearly seen in Fig. 7, where most of the results are regul/ar and
poor. First days of June pH, temperature and dissolved OoXygen concentrations are
acceptable and the score is close to good water quality.

7 Conclusions

In this paper a distributed system for monitoring the water quality in shrimp farms has
been developed. The distributed system is built in three phases; a) Sensor monitoring,
b) data acquisition and c) signal processing. A set of four sensors have been
conditioned form monitoring the most frequently measured physical-chemical
variables. A Data acquisition card was designed receiving data sensors and for
transmitting environmental information to a PC software. Assessment software was
implemented using fuzzy inference system (FIS) theory for the processing of
information. The distributed system results in an excellent tool for water management
and treatment of the water quality in shrimp aquaculture,
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Abstract. This paper proposes a transitions validation method between system
functional states in drinking water plant monitoring. The method is based in
fuzzy entropy measure. The water plant is monitored by means of fuzzy
classification method. Diagnosis of the system is the main objective of the
work, nevertheless as a complement, prognosis is also proposed whenever
maintenance takes an important place of the water plant. In this process,
periodic maintenance is fundamental, and its schedule is commonly applied.
Then, the objective of the study is coordinate intelligent fault detection with
prognosis, in order to propose an adaptive and preventive maintenance schedule
to achieve in integrated drinking water plant monitoring. This knowledge is
then organized as a partition of the data set into classes representing the
functional states of the process (normal or faulty operations). The proposed
method validates the recognized functional state in presence of uncertainty
using diagnosis and prognosis technique.

1 Introduction

Water industry is facing increased pressure to produce higher quality treated water at
a lower cost. In drinking water industrial production processes, the correct operation
and maintenance of the complex processes have a crucial role to ensure the supply of
the quantity of adequate water to the population and the safeguarding of the
environment.  Monitoring principle of a dynamic process from a method of
classification consists in determining at every moment, the current class which was
associated beforechand a functional state of the system.

It’s because that in the production phase (stage of recognition), it’s a question of
deciding sampling at every moment which is the operating condition. This decision is
particularly delicate to take at the time of the transitions, i.e. when there is a change in
the class to which the whole of measurements (individuals to be classified) is allotted.
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Advances in Computer Science and Engineering, Final version 19/05/10
Research Computing Science 45, 2010, pp. 179-190 Accepted 14/05/10
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The result of Tuzzy classification techniques provides the individual adequacy
degrees analyzed with each class. In the majority of the algorithms, the decision of
classilication is obtained by the rescarch of the class to which the individual presents
the maximum of membership, or adequacy. In the presence of uncertaintics caused by
the inaccuracy in measurements, or by the possible not very significant disturbances
of the process operation. the transition from a state to another, it can to have a little
real justification. In this case, we say that there is a "bad conditioning” to make the
decision of change of state. This is why the introduction ol a criterion of validation of
the transitions was regarded as a significant contribution to the cffective process
monitoring.

This article approaches the validation of change of state to avoid falsc transitions
or transitions in badly conditioned states. The validation is madc in the stage of
recognition. This approach is based on the information which cast calculates from
degrees of adcquacy obtained by a luzzy classification algorithm. For this approach,
the cssential criterion associated a decision was regards as the evaluation of the
information which was nccessary to take it.

Generally, the quantity of information is associated the entropy of the data. In the
case of fuzzy scts, the cntropy nonprobabilistic formula suggested by Luca and
Termini [2] is largely used. For transition validations, it is nccessary to use the
individual instantancous information that produced the change of state. Conscquently,
the analysis is based on the unit (vector) degrees of adequacy of this individual to
cach class. The adequacy vector degrees can be regarded as a fuzzy unit. Transitions
validation based on the quantity of information uses a traditional mcasurement of
fuzzy entropy [2][3][4], the decision is considered well conditioned when the quantity
of information is significant. However, a decision which was made with low values
of the adequacy degrees gives a high value of information. For this, the paper propose
to usc a reliability index which was inspires by the measurement of fuzzy information
(fuzzy entropy of Luca and Termini). This index allows measuring the instantancous
information which caused the change ol statc and allows holding in account the
relationship between the small adequacy degrees and uncertainty on the decision. To
validate the approach in experimental form, the mcthod was applied to the process
monitoring of drinking water plant of Tuxtla-Mcxico. The practical signilicance of
results will be in order to improve the water treatment process.

In scction 2, this paper presents a bricl description of water treatment process [5].
The transition validation method is presented in scction 3, in scction 4 the mcthod is
evaluated on a real case. Finally the conclusions are presented.

2 Water treatment process

2.1 Brief Drinking Water Plant description

The water is the most abundant compound on the surface of the world. Water
treatment involves physical, chemical and biological processes that transform raw
water into drinking water which satisfies a whole of standards of quality at a
reasonable price for the consumer.
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The “SMAPA™ water trcatment plant (Tuxtla city, Mexico)[10], which was used as
an application site for this study. provides water to more than 800,000 inhabitants and
has a nominal capacity to process 800 I/s of water per day. The figurc 1 presents a
schematic overview of the various operations necessary to treat the water.,
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Fig. 1. SMAPA Potable Water Plant

The complete usual chain comprises the following units: clarification (coagulation-
flocculation + decantation), disinfection, and filtration. The present work concerns
essentially the clarification process which represents the main step in the treatment
process. Raw water is collected at the rivers (Grijalva and Santo Domingo), and
pumped to the treatment plants.

For decanters maintenance, the critical variable is the water turbidity at the input
and the exit of the decanters (before filtering). The sludge accumulation in decanters
is considered a non desired state of the plant. During the rainy scason eventually there
is a solids accumulation which blocks the sludge removal system. Consequently, a
part of the solids is transferred to the filtering phase instead of being evacuated
properly. Nowadays decanters maintenance is predetermined in February-March. The
filters maintenance is programmed before the rain season so as to ensure the filter
proper conditions at that period. As well, each filter has a backwashing task which is
exccuted in function of the inlet and outlet filter pressure. A monitoring system of the
process state would allow a flexible maintenance. Coagulation process is brought
about by adding a highly ionic salt (aluminum sulphatc) to the water. A bulky
precipitate is formed which electrochemically attracts solids and colloidal particles.
The solid precipitate is removed by allowing it to settle to the bottom of the tank and
then periodically removing it as sludge. Water is stored in a tank and ready to be
transported through the water supply network.

2.2 Monitoring Using Classification Methods General Theory
Process monitoring using classification method consists in determining at each

sample time, the current class which was associated beforehand to a functional state
of the process. There are two principal phases: the training and the recognition. Inthe
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first step (training). the objective is to find the process behavior characteristics which
will allow dilTerentiating the process states (cach one being associated to a class). The
initial algorithm paramcters are sclected by the process expert who validates the
obtained behavioral model. In a posterior step, the data recognition allows to identily
one linc the current process state. At cach sampling time, a vector collects the
accessible information (raw data or pre-treated data such as [iltered, FFT) which is
provided for monitoring, and the class recognition proccdure yiclds the operator what
is the current functional statc of the process. In order to optimize the obtained
partition we propose to include into the training phase a step to automatically validate
and adjust the clusters. The proposed new approach automatically improves, in terms
of compactness and class separation, a non optimal initial partition helping thercfore
the discrimination between classes i.c. between operation modcs.

3 Transitions validation method

3.1 Fuzzy degree index (Decision index)

Entropy nonprobabilistic functions represent the fuzzy degrec of a fuzzy discrete unit
whole (u) respect to the elements which make it up [2][6][7]. The analysis is made
according to the adequacy degrees u(x,) of cach clement (v;). According to the
approach suggested by Luca and Termini, the entropy fuzzy (unctions type H(u) must
respond the following axioms [2][6][7][8]:

.H (m) =0 m(x))e {O,I}

Pl:
py. Max H(m) Vi m(x,)=Y4% (1)
py. HB)SH(m) & h 2 m

The order relation =s is a comparison operator called "sharpness”. A fuzzy unit h
is regarded as plus "acute” (sharp) that the fuzzy unit m il
Vxe E pm(x)S05 h(x)<n(x)

ip M(x)205  h(x)2m(x) (2)

then

Functions which obcy these axioms can be expressed by the general formula:
\

c
H(m)=h 2 w; - T(m(x;)) (3)

/
C corresponds to the individual numbers in the dialoguc universe (£) where is

defined the fuzzy unit g. According to [2]{9]:
weRt
(i
iy TO=T()=0 (@)
) T(m(x,)): [0, —R*

it has a maximum value in
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. m(x,) <! m(x;) > 14
.and is monotonous for ") /éand for (%) > J4
- F + - - -
(iv) the lunction R —R IS monotonous increasing

Dc Luca and Termini [2] proposed to use as function 7(.) the Shannon probabilistic

entropy [4] applicd to the pair formed by the element and its complement to the fuzzy
unit (cquation 5):

T(m(x;)) =m(x;) - In m(x;) + (1 - m(x;)) - In(l - mi(x;)) (5)
Then the Luca and Termini entropy cxpression is [2]:
o
Hpyr(m) =K - zs(”"(-"i)) (6)

+
where K € R is a normalization constant.

Many studics showed the validity of this expression like fuzzy information
mcasures [1]. However, other families of functions with the same basc form that the
Luca and Termini can be used especially in the field of the decision-making and
classification [11][12]. They are always based on the axioms presented in (1) and in
the equation form of (3), where w; = K and the function Tis given by:

T(m(x,)) = £ (m(x)) + (L m(x,)) )

3.2 Validation index for states transition

Individual adequacy degree expresses his adequacy to a class. On the other hand, in
the casc of a decision-making between scveral groups or classes, the adequacy
degrees express the adequacy of an individual to several classes. In the casc of
systems dynamic monitoring, the individual is represented by the whole of the
variables which define the current state of the system and the classes are the possible
statcs. The state with the highest adequacy degree is considered as the system that
evolves at this time there. The reliability of the choice of the state at the moment
present is dircctly proportional to the capacity of clection among the adequacy
degrees. On the contrary of fuzzy degree indices (c.g. fuzzy entropy), the problem in
this case is not any morc the analysis ofadequacy of several individuals to a class, but
the choice between several classes (states) to which an individual can belong. For this,
this paper define a new fuzzy unit where the dialoguc universe £ is defined by the
number of classes € and adequacy degrees correspond to the values of adequacy off
cach individual to cach class. Plus one unit is ordered. plus informative is and then the
entropy is lower. The unit that the paper consider most informative in the case of a
choice is that which assigns the individual in a class with the maximum of adequacy
while the adequacy degree of the other classes is null. On the other hand, the unit
decision entropy becomes maximum if all adequacy degrees arc equal. Consequently,
the information provided by the unit would be then null, with respect to the reliability
of the decision. In this context, as validation index this paper use the complement of

the entropy of the decision suggested in [3] which is based on the Luca and Termini
fuzzy entropy.
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Considering that the choice corresponds to the maximum of adequacy, thus uy =
max [u(xp)]. Then, the fuzzy decision indexes are defined like the difference between
this maximum value and each unit adequacy degree (case of state validations that
corresponds to the individual adequacy degrees to each class):

d,=m,, —m(x,) Vi#M (8)
The decision entropy for the fuzzy unit # is the dual of total information (cq. (9)):
H,(m)=1-1,(m) 9

The useful information provided by the fuzzy unit whole for the decision-making

I (1) corresponds to:
1

(J,) K e S
I,(m)=K- ch, - ] ~my, (10)
i where C-m,-e

This entropy is based on axioms which follow the philosophy of thosc proposed by
Luca and Termini using the fuzzy entropy like fuzzy degree index. These axioms are:

RI: H(”")=0<=>VI.$M; m(—\',-)=0
maxH(m)e Vi j o5 om(x)=m(x,) an
ry: HOMSHW) & N2, 0

The relation = is proposcd like a comparator of reliability to unit. This operator is
defined in a way similar to the opcrator “sharpeness " (<s) proposed by Luca and
Termini. A dccision based on a nonprobabilistic fuzzy unith is considered more
reliable than another based on the fuzzy unit mif the reliability index of 4 is larger

than that of m[15].

R2

h>m & FIAQ@)2 FIA(m) (12)
Operator FIA(u) is defined like:
FIA(m)= m,, +card[d(m)] (13)

3.3 Transitions validations algorithm diagram

When a transition between the moment #-/ and the moment 7 is proposed by the
recognition algorithm, this paper propose to analyze the information index (cquation
10) of the new adequacy vector individual x(), if this one cxceeds a certain
uncertainty level the transition is validated. In the contrary casc, the transition is put
on standby, as long as the algorithm of rccognition continucs to propose the same
class. it will be validated if at one posterior moment ¢ + » the quantity of information
is considered reliable. The validation method diagram suggested is presented in
Figure 2.
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Fig. 2. Transitions validation algorithm diagram proposed

The information measure is the information index ID(u) given by cquation 10. It
can arrive, either that a transition is not never validated or remains been unaware of
system, or that it is validated with a delay R compared to the moment when the
algorithm of rccognition had detected it. The introduction of this delay makes it
possiblec to climinate the effects of noises or disturbances which provide an
appcarance of transition. In certain cases, there are oscillations between two classes
which are only caused by the inaccuracies in measurements and these oscillations will

then be climinated in an automatic way, as well as false alarm which thcirs is
gencrally associated.

3.4 Uncertainty level

It is nccessary to define a valuc minimum of information, which makes it possible to
regard the decision as sufficiently reliable validating the change of state. This value
can be established by analyzing the quantity of training information, in such manner
according to the criterion of the system expert, the transitions considered as non valid
will not be held in account during the stage from recognition. In this casc there the
uncertainty level is constant for all the time of supervision. However, it is more
interesting automatically to obtain a value which corresponds to instantaneous
minimal information to validate a transition at cvery moment from sampling. To
obtain this value, on the LAMDA fuzzy classification method (Learning Mcthod for
Multivariate Data Analysis) [1][13], the information brought by attribution to onc of
the informative classes, (different from the class from Not Information, NIC), is equal
to the uncertainty of this class NIC, since the union of the informative classes is
exactly the complement of class NIC. The adequacy value of any individual to class
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NIC is a constant provided by the algorithm which plays the minimum role of
adequacy value. it is thus natural to use as uncertainty level (IDNIC) the formula of
total information by including the adequacy degree of the class NIC, given by the

equation 14.
l
K= (14)

” o, Pyn =
,mn'=l\'(zwi).e +(d\u‘ 'e’ )Vl-'v*M C-m, e

By analyzing the equation 14, if the decision change of class was madc with an

adequacy degree significantly higher than the minimal adequacy degree (#NIC),

the relationship between the quantities of information corresponds to equation 15:
Lysie > 1p & iy 2 Wiy (15)

To make the decision of validation this paper added a margin of decision ¢. This
value makes the possibility to guarantee the information for the change of state ID
and the minimal uncertainty level in such manner that the transition is valid if:

If the decision margin is big, the transition will be validated and better conditioned.

With this approach, this paper validate only the transitions which have a sufficient
information degree compared to total information, by including the class of minimal
adequacy, which in the case of the method of classification LAMDA corresponds to

the NIC.

4 Application to method to SMAPA potable water plant

The treatment plant concerned is the drinking water drinking water station "SMAPA"
[10] of Tuxtla city in Mexico. For this station is significant to include an automatic
monitoring system which makes it possible to have an alarm to avoid the states of bad
operation. The objective is to cstablish a preventive maintenance according to the
current state of the system and not on fixed dates like was made at the moment. For
the monitoring system an approach of fuzzy classification was chosen, in such manner
that according to the historical data a model station which allows, in the slage of
recognition and in line can be established, to identify the states and to obtain an alarm
to avoid the situations of bad operation.

LAMDA mcthod was selected for data classification. The training time is very
short and the paramecters election method is casy to make for an expert in the
procedure which does not have necessarily a strong knowledge on the classification
methods [13]. To have a better performance and to retirc the false alarms and
conditioned bad classes, the transition validation method proposed in this document,
was applied.

Training data base consists of 105 samples (from November 2000 to mid-February
2001). For cach sample, the variable values which constitute a whole of 4 descriptors
of the raw water quality are: turbidity input, a filter retrowashing number, plus the
coagulant dose added. The fourth descriptor used is the difference between the value
of turbidity input and the mecasured value after the decanters of the station. By using
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the LAMDA classification method, the reference model is obtained made up of the
functional states and alarms. After identifying the various classes, the system expert
associates the classes to functional states and class was associates like alarm. The
classification results (without the transition validations) which correspond at training
stage are presented in Figure 3. The training is of the type not supervised, i.c. that the
number of classes is not established a priori.
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Fig. 3. LAMDA results: training phase without states validation (2000-2001)

Six classes wecre obtained. There are 2 classes which correspond to the normal
operation, onc of alarm which indicates the need for maintenance of the filters and
two classcs of faulty operation (high sludge, and critical stage). Class 6 is not a priori
associated with a state with the system. This alarm which indicates a need for
maintenance of the decanters intervencs very before the date established for
maintenance. Indecd, for this whole of data the dale of maintenance of the decanters
(according to alarm) is proposed 87 days before the date plans. It's very significant to
include this alarm to avoid high or critical sludge states (classes 4 and 5). During
these states of bad operation, to give a quality of adequate water, it is necessary to
increase the dosc of coagulant and filter retrowashing number. If alarm is included, it
is possible to carry out a preventive maintenance which will allow avoiding these
nondesirable situations.

To validate the classes and to retire the badly conditioned transitions, the transition
validation method between states was applied. At every moment, the minimum level
of information to validate a transition was calculated by holding of account the
adequacy degree of each data with the class of noninformation NIC [13]. To utilize
this method, it is appropriate to choose a value of requirement (¢). With the whole of
the training data, the valuc of requirement ¢ = 0.0018 makes it possible to invalidate
class 6. As it will be shown later, this value is representative of the system and not a
priori of the training base. All the other transitions are validated perfectly. The result
of the validation of transitions for this unit from data corresponds on Figure 4.
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Fig. 5.a Analyzed variables, data test (2003-2004)

The variables which was analyzed (period 2003-2004) arc presented in the figure
5.a. Classcs identification results with the method LAMDA arc waltch in figure 5.b.
and 5.c. shows the results applying this (ransition validation technique proposed.
Class 6 was invalidated in all the cascs, then it is regarded as state badly conditioned,
alarm lor the maintenance of the station was also identifies with new the data,
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Fig. 5.b. Results from LAMDA: phase of test without validation of states (2003-2004)
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The mcthod of validation suggested was also applied to a unit of data by replacing
the dosc of coagulant applicd by the dusc ol coagulant calculated with neural
nctworks [14]. In this case, there are false alarms which are removed with the
transition validation method (Figure 6). The identification and validation of the

system states for all the periods were made, without changing the value of the
paramcter ¢ of validation method.
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Figure 6. States validation results: data test 2001-2002 (Dose calculated)

In this casc, there are three classes associated with normal operation (end of rains,
normal | and normal 2). Class 6 corresponds to alarm but there is false alarm whercas
one is in the normal stale, this false alarm was climinated by the method suguesied.

5 Conclusions

The new methodology for transition validation based in luzzy cntropy measure is
introduced. This strategy addresses the needs for diagnosis and prognosis in order (o
provide adequate preventive and predictive maintenance to potable water plants,
which can lcad to probicins of dependability as well as significant cconomic lusscs.
This approach provides a criterion for decision making when associating a class to an
individual in presence ol uncertainty or bad conditioned individuals. As a result, (alse
alarms are climinated.

Morcover, the cffect of disturbances has been minimized when cventually they
Icad to non reliable transitions. In consequence, the system monitoring becomes more
robust since apparent transitions duc o inaccuracy measures arc not validated. One ol
the advantages of the method is also that the transition may be validated since the
method uscs the output of the fuzzy classilier, which is not a big amount of data, and
the compuiing time is as well reduced. On the other hand, some further studics are
looking forward to introducing historical individuals memberships so that transitions
could be validated based on finite time sliding window obscrvations analysis.
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Abstract. Many types of information are geographically referenced and interac-
tive maps provide a natural user interface to such data. However, the process to
access and recover spatial data presents several problems related to heterogenei-
ty and interoperability of the geo-information. We propose the Tourism Onto-
Guide-Web Application (TOGWA), which is a web-mapping system focused
on retrieving geo-information by means of spatial ontologies and representing it
on the Intemet. Morcover, a Multi-Agent System is proposed to dcal with the
process related to obtain the tourist geo-information, which aids in the informa-
tion-integration task for several nodes (geographic sites) that are involved in this
application. The agent system provides the mechanism to communicate different
distributed and heterogencous Geographical Information Systems and retrieve
the data by mecans of GML description. Also. this paper proposcs an interopera-
bility approach bascd on spatial ontologies matching. The matching is performed
by the Multi-Agent System in every node considered in the application. The re-
trieval mechanism is based on encoding the information in a GML description to
link the spatial data with the ontologies that have been proposed. TOGWA is a
web-mapping system that is composed by two tiers: Client tier and Spatial Data
Server tier, it offers an efficient and user-friendly interface to the clients.

1 Introduction

Maps are being used increasingly in local, networked and mobile information systems
for communicating geographically referenced information. This has become possible
because of the now relatively widespread availability of digital map data and develop-
ments in Geographical Information System (GIS) technology. The applications are
widely ranging including local government planning, environmental monitoring, mar-
ket analysis, navigation and public access to information [1].

Interaction with a digital map is typically based on a cycle of elicitation of user input
via menu and dialog boxes, sclection of map areas or features, and return of informa-
tion, which may in turn induce modification to the map content. The maps themselves
are often closc replicas of traditional paper map cartography. The approach is to be

found in many commercial GISs and is now being reflected in mapping applications on
the Intcrnet.

© M. Martinez, A. Alarcon (Eds.) Received 30/04/10
Advances in Computer Science and Engineering. Final version 19/05/10
Research Computing Science 45, 2010, pp. 191-208 Accepted 14/05/10
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Decvelopments in human computer interaction with regard to information retricval
and data visualization raisc the question of whether the conventional approach can be
improved. Certainly, there is a motivation to investigate new mecthods, since the current
map interface, particularly on the Internet, often sullers (rom poor lcgibility of symbol
and text, unncccessary user actions and inadequate adaptation to uscr interests [1].

Nowadays, the spatial databases are very uscful and powerlul tools to handle, dis-
play, and process the geographical information. These databases integrate GISs, which
arec composcd to store and process spatial data. To solve some ambiguities in the spa-
tial data processing and interpretation, the geo-information should have good quality
from the inpul to the representation. The “adequate™ representation of spatial data is
crucial for improving the decision making process in diffcrent environments [2].

In this paper, we gencrale spatial ontologics based on the spatial semantics, which
can be used to represent geographical objects by means of concepts (“not words™).
Such spatial data conceptualization aims (o compress the data and facilitate the know-
ledge discovery into spatial databascs (SDB).

Up-to-date GISs do not extensively explore the spatial data semantics. To develop a
spatial semantic theory is a great challenge in the new trends of Geocomputation field.
Thus, the spatial analysis can use alternative mcthods to represent spatial data. This
data represcntation jointly with the semantic rules - both bascd on data semantics - can
be stored in a knowlcdge-base to gencrate new concepls that form the spatial ontolo-
gics. These concepts arc defined by the properties and the behavior of gecographical
objects and explored by human expericnce. In general, we seck to correctly represent
geographical objects for their subsequent processing [2, 3]. For instance, to retricve
spatial data from different SDBs and to represent them in the TOGWA.

In our proposal. the [irst step to generate the spatial ontologics is to obtain the spa-
tial semantics of the geographical objects. By obtaining this delinition, we can gener-
ate the spatial ontologics to rely on centralized ontology databases, which are stored in
relational database systems. The emergence of Extensible Markup Language (XML)
and Geographic Markup Language (GML) allows the ontology mctadata to be embed-
ded in the encoded web document, facilitating semantic matching by retrieval spatial
concepts.

We propose a Multi-Agent System (MAS) to perform the communication betwecn
the different spatial databascs. Although the encoding agents may still refer to centra-
lized ontology databases during the encoding process. the spatial databases can also be
encoded in GML because of its openness.  Like many sysicms, we propose a Spatial
User Interface Agent (SUIA) in TOGWA to make usc ol ontologics to validate uscr
inputs and to capture the requests for retrieving spatial data by mcans of “concepts™. In
addition, the SUIA works in a wcb browser providing an casy-use web uscr interface
for online geo-information retricval. SUAL is characterized by the following features:

e Handlc spatial data.

e Retrieve spatial data by means of concepts, considering the spatial subject do-

main.

e Pcrform spatial querics according to the gencerated spatial ontologics.

e  Generate new geo-information making spatial analysis.

In this application, the spatial data arc associated with difTerent concepts, provided
by the spatial ontologics. Moreover, an agent is considered to make severul processes,
which arc divided into different tasks. The tasks that we arc considering Lo it arc the
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following: rcpresentation of geographical phenomena, capability of communicating
with the spatial data (different SDB), access to the spatial ontologies, and retrieval of
the GML dcefinition according to the uscr query.

The rest of the paper is organized as follows. In Section 2 we describe the Multi-
Agent System proposed to perform several tasks in the application, and the spatial
ontology to retricve spatial data. In Scction 3 we present the architecture of the
TOGWA web-mapping application. The implementation of the prolotype is shown in

Section 4. Scction 5 shows the preliminary results obtained by TOGWA. Our conclu-
sions arc sketched out in Section 6.

2 Multi-Agent System and Spatial Ontology

TOGWA is composcd by two basis components to retrieve spatial data. The
nents are the following:

® A Mulii-Agent System (MAS) to perform tasks related to communicate difler-
ent spatial databases by means of GML definition and encode the spatial data
for rctrieving in the SUALL
Spatial ontologics to solve ambiguitics that are presented in
through concepts (*not words™).

SC compo-

the spatial data

2.1 The Multi-Agent System

According to [4], an agent is a system that tries to {ulfil a sct ol goals in a complex,
dynamic environment. It can sense the environment through its sensors and act upon il
using its actuators. In this work, we propose a Multi-Agent System (MAS) thai pro-
vides some services o facilitate the geo-information retriov
tourist system, which is called TOGWA.

There are two main functions of the agent in the TOGWA. One is to provide an in-
telligent service to communicate different spatial databases and to encode the spatial
data for retricving to the user. The other i< to check the GML definition and to link the
ontology for knowing whether the concepts accomplish to the scarch criteria,

Scveral types of agent have been proposed, they are organized in four layers depend-
ing on its functionality. The agents are shown in Fig.1.

al mechanisin within a

®  Data Layer. Tt is composed by the agents that provide data access services.
These services can be retrieval, storage, adjustment to the communication for-
mat, ctc.

®  Management Layer. The agents of this Layer handle and coordinate other agents
intlo MAS. Also, they provide the capabilitics of communication to other
agents,

® Application Layer. Tn this layer the agents perform tasks of the specific applica-
tion, such as visualization and functions to the spatial data. Morcover, these
agents manage the ontologics (7rip Package and Map) to provide the needed
data to the intcrface for giving its own services.
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e Presentation Layer. Here, the agents provide a user graphic interface to allow
the users obtaining the TOGWA services.
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Fig. 1. Classification of the agents used in TOGWA

In Fig. | we groupcd the layers in two clusters: Core Utility Agents and TOGWA
Specific Agents. Core Utility is a sct of agents that can be uscd not only in TOGWA
but also in any other application. Its tasks arc the following:

e Data Locator. It finds out the data that better fullills the description given by
its clients. The agent provides as a result the address of the agent, which can
provide the access to the data.

e Data Access. It provides the mechanisms to access to the data and metadata of a
particular sourcc. The queries and results are given in XML.

e Communication Router. This agent provides the capabilitics to MAS for com-
municating with other one, through any suitable way (Internet, othcrs MAS,
Virtual Private Networks, etc.).

e  System Management. This agent handles the process within a MAS. 1t starts the
compute of all other agents in the same MAS.

® Directory Facilitator. It maintains a list of all the known agents by MAS as
well as the services that cach agent provides to the layers.

e Spatial Facilitator. This agent retricves the spatial data from the SDB. Accord-
ing to the client’s request. The agent sends the geographical objects to make-up
a map in the adequate format (GML description).

The TOGWA Specific Agents is a set of agents that work to accomplish specific
TOGWA goals so that they can not be used in other applications. The agents that be-
long to this cluster are the following:

e Resource Management. This agent deals with all the resource assignment tasks.

For instance, scarching a hotel and flight and finding trip packages.

® Ontology management. This agent keeps the information about the Map Geo-
Ontology and uscs it to translate the user’s request into structured querics,
which will be computed into the Ontology Administration Query Module.
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These querics allow other agents assigning resources to users and finding out
geographical objects to provide maps to the clients.

® Ontology matching. This agent acts when there are conlusions about the con-
cepts in the client’s ontology and the MAS ontology. Then the agent attempts to
find the closest concept in MAS ontology, according to the concept given by the
client.

L ]

Spatial User Interface Agent. This agent translates data given by the MAS into

a rendered map that the user can understand. The agent is the user interface of
the MAS, but it docs not belong to it.

The clements that compose the TOGWA-MAS are shown in Fig. 2. We can see that
MAS consists of scven agents and an ontology repository.
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Fig. 2. Featurcs that compose the TOGWA-MAS

In Fig. 3 the interaction model between two TOGWA-MAS is shown. Morcover,
Fig. 3 shows the steps to accomplish the TOGWA process, which is outlined as fol-
lowed.

1. The Client (Spatial User Interface Agent) makes a request to TOGWA (for ex-

ample, a user in Spain desires to get a road map of the zone of Cancun in Mex-
ico).

2. The MAS in Spain asks to its Directory Facilitator for the MAS that has such
information.

3. The Dircctory Facilitator scarches in its database the information requested, and
responds to the MAS that the MAS of Mexico has the map.

4. The MAS in Spain asks thc MAS in Mexico for the road map of the zone of
Cancun.

5. The MAS in Mexico computes the request and determines if it has such infor-
mation.

6. Ifit does, then the request passes to the Spatial Facilitator.

T

It makes a spatial query to the SDB for retrieving the geographical objects re-

quested.

8. The Spatial Facilitator returns to the MAS in Mexico the geographical objects
nceded to make-up the requested map.

9. The MAS in Mcxico translates this information using the ontology to a format

that the MAS in Spain will understand.
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10. Hence, it sends the information to thc MAS in Spain.
11. Finally, the MAS in Spain sends the result to the clicnt, and it displays the road
map of Cancun to the uscr with a bricfattributive description.
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Fig. 3. Interaction modcl between two existing TOGWA-MAS

2.2 The Spatial Ontologies

Most widely accepted common conceptualization of the geographical data is based on
the description of geographical objects and ficlds [5, 6]. Thesc objects arc not nceessar-
ily related lo a specilic geographic phenomenon, because human-built features are
typically modcled as objccts [7, 8). The spatial sciantics definition is described in [2]
and aim to correctly represent spatial data in an alternative and universal way to gener-
ate spatial ontologics.

For this purpose, we consider a spatial ontology as an explicit, shared and structured
specification off conceptualization, that is, a description of propertics and relationships
that can cxist between the gecographical objects to form concepts.

Morcover, ontologics can be considered as “languages™, which usc a specific voca-
bulary to describe entities, classcs, properties and [unctions related to a certain view of
the geographical world [9, 10].

In sense, our approach is designed to solve the ambiguitics that can exist with single
characteristics of the geographical objects, because the spatial ontology is defined by
concepts (nat by words) according to the geographical objects.

The spatial ontologies can be classificd by levels according to their dependence on a
specific task or point of view. These levels are gencrated for a specific spatial ontology
(top-onivlogy) and it can be particularized to define a particular ontology (down-
ontology). There are also different levels of information detail. Low-/evel ontologics
correspond to very detailed information and high-level ontologics correspond to more

general information.
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In this situation, the generation of more detailed ontologies should be based on the
high-level ontologies. so that cach new ontology level can incorporate the new know-
ledge presented in the higher level. These new ontologies are more detailed, because
they refine genceral descriptions of the level from which they have been generated [11].

The levels of ontologics can be used to guide processes for the extraction of more
gencral detailed information. The use of multiple ontologies allows the extraction of
information in diffcrent stages of classification.

The use of explicit spatial ontologies contributes to better correct spatial represcnta-
tion, because cvery geographical object description is based on an implicit ontology.
By using that, it is possible to avoid explicit conflicts and confusions between the
ontological concepts and the implementation [12].

On the other hand, spatial ontologies play an essential role in the conceptualization
of spatial databases, allowing the establishments of correspondences and interrclations
among the different domains of geographical objects and relations.

For instance, the ontology “Limit™ can be represented in different concepts, in di-
verse spatial databases. “Limit™ in some cascs represents “coast boundary™, scparation
between the “ground™” and the “sea”, “contour of value zero”, “boundary™ among two
regions (statcs, countries, etc.), and so on (Fig. 4).
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Fig. 4. Ontology “Limit™ that is composed by different concepts related to “limit” for subsc-
quent spatial representation :

Using this approach, we can gencrale specific spatial ontologics zfier delining the
top-ontology to particularize the conceptualization in other specific ontolagics (down-
ontology).

According to our approach, it is indispensable to count with a spatial subject do-
main. It is defined as a sct of “names™ that describe the primitives of spatial representa-
tion. Thus, we can start with « priori knowledge of the geographical olyj-ts that ap-
pear, e.g. in the map legend. For instance, “blue™ lines are united under the concept
(name) “river” and “black™ lines are united under the concept “fracture™, ete. In reverse,
the different concepts are united under the same description of the spatia! reprosenta-
tion that is “linc™ [2]. The interaction between the subjeet domain and the laxonomiy is
uscd to locate concepts into the spatial subject domain that correspond to a case of
study, and to compute these concepts to generate spatial ontologies [2, 4]. Fig. 5 shows
the definition of spatial subject domain.
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Fig. 5. Interactions of the Spatial Subject Domain

To define the spatial subject domain, it is necessary to claborate a description of the
spatial thematic to be analyzed, considering the main features that compose this theme,
such as the data model and the resolution levels of the spatial data.

All characteristics that are considcred in the description of the spatial subject do-
main should represent relationships between themselves too. Spatial subject domain
has to recognize the different semantic levels of a priori knowledge that is stored in
this domain.

The use of ontologics in spatial databases enables knowledge sharing and informa-
tion integration. The proposed approach provides dynamic and flexible information
exchange and allows partial integration of spatial data when complcteness is impossi-
ble.

This can help the next generation of spatial databases to solve semantic ambiguities
in the available geo-information, because the context of the spatial data can change
according to the case of study [11].

The query functionality to retrieve spatial data by means of spatial ontologies is the
following: the user makes a request by means of TOGWA. The information is searched
in any TOGWA-MAS, when the data are located; it is encoded into the GML definition.
This definition is sent to the Ontology Administration Query Module to compute the
request for obtaining the spatial and attributive data by means of concepts, which form
the ontology. Inside TOGWA, a priori knowledge that is stored in the spatial subject
domain interacts with the spatial taxonomy, considering in this case, the “arcs™ as pri-
mitive of representation. Fig. 6 shows the mechanism to obtain the spatial ontology by
means of the Ontology Administration Query Module.

In addition, Fig. 6 shows the query mechanism to describe the concept “*Roads™ into
the Map Geo-Ontology. In this case, the ontology is composed by several “sub-
concepts”, which are ordered in a hierarchical way. Morcover, we sce in Fig. 6 differ-
ent levels of the concepts, starting with a top-level (Roads) and finishing with down-
levels (One rail, two rails, etc.). When the ontologies present more levels of concepts,
it is possible to particularize these in sub-concepts, while the level is less (down-level),
the concept is more particular. The ontologies that have been proposed by TOGWA are

described in Section 4.
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Fig. 6. Interactive process to retrieve geographical objects by means of spatial ontologies

3 Architecture of TOGWA

The Tourism Onto-Guide-Web Application (TOGWA) is a web-mapping system that
is composed by two tiers: Client tier and Spatial Data Scrver tier. These tiers contain
the following components: Spatial User Agent Interface (SUAL), Ontology Administra-
tion Query Module (OAQM), Spatial Data Server (SDS), Agent Administration Mod-
ule (AAM) and Spatial Database (SDB)[13].

This application presents client-server architecture. TOGWA is considered a distri-
buted system becausc it is able to retrieve spatial data (rom different GIS sites by

means of GML definition. Fig. 7 depicts the general architecture of the Web-Mapping
system.
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Fig. 7. Architecture of the Tourism Onto-Guide-Web Application
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The general process to retricve spatial and attributive data is the following:

Spatial User Agent Interface (SUAI) receives requests from a user. It assists the
client to scarch, query and manipulate the map in an efficient and uscr-friendly way.
SUAI attempts to understand the subject domain (geographical context of the user),
and it sends a message to the Spatial Data Server (SDS) to ask more geo-information
or to modify the map to change the content and resolution detail. SUAI should keep a
concise profile for cach user to record his scarch of interest. The Agent Administration
Module (AAM) receives requests from the SUAI and it broadcasts the requests of the
users to the Ontology Administration Query Module (OAQM) to search the concept
into the ontologies and to retrieve the geo-information from the Spatial Database
(SDB). If the geo-information associated to the concept could not be found in the
SDB. the OAQM will send a notification to the AAM to perform a query in different
GIS sites linked to TOGWA. This process is made up by means of the GML definition,
when the geo-information is found; it is encoded in the GML description and trans-
ferred to the AAM to retrieve the spatial data according to the spatial ontology. Finally,
the spatial data is sent to the SUAL

4 Implementation of the Prototype

TOGWA prototype has been implemented in Java to keep the distribution and multi-
platform exccution [14]. TOGWA consists of seven nodes to retrieve spatial and attri-
butive data. The nodes that arc considered to this application are the following: Mex-
ico, Spain, Costa Rican, Italy, England, Cuba and Chile. The SUAL is implemented as a
Java Applct and runs on the client side to intcract with a web user. The AAM has been
implemented as a Java servlet using Tomcat 5.0.12. The visualization on the client side
is based on Shapefiles, which is proposed by Esri, Inc [15].

There are several components in the prototype, a web page, an invisible applet, a
servlet and an ontology parser. The data workflow is depicted in Fig. 8.
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Fig. 8. Data workflow to obtain the spatial data according to the spatial ontology
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When a user accesses the web page, the JavaScript embedded in the web page will
call a Java applet to send an http request to the Java servlet, which will invoke the on-
tology parser to crcate an ontology object from the ontology repository. If the informa-
tion does not find in the Ontology Repository, the OAQM sends a GML definition to
locate the data in any node. When the information is found. it is rececived by the OAQM
for being computed. Later, the OAQM scnds the object
the applet.

The ontology objcct contains the entire ontology. The applet uses the ontology ob-
ject to verify if' the user has performed a valid search, If valid, the applet will submit
the scarch to the servlet, which in turn invokes the shapefi

pefile for the client to refresh the web page and to retrieve

In this context, a spatial ontology is a part of knowledge, concerning a particular
spatial subject domain; it describes a spatial taxonomy of concepts for that subject
domain, which detine the spatial semantic interpretation of the knowledge. Spatial
ontologics in TOGWA define the spatial semantic relationships of the geographical
objects. The ontology repository is organized in a tree structure,

We proposc two ontologics to obtain the spatial data by means of concepts, in this
case the Map Geo-Ontology and Trip Package Ontology.

These ontologics provide the concepts related to the information retrieval to the us-
er. The retricval process is performed by constraints, which are defincd by the client.

Map Geo-Ontology is focused on retrieving particular maps of the user interest.
This spatial ontology can gencrate four types of maps: Roads, Weather, Urban and
Sightsceing. The spatial ontology is generated by the interaction process of the spatial
taxonomy and the spatial subject domain.

Trip Package Ontology is proposed to acquire attributive data related to the intcrest
places to visit for the users. A user can obtain relevant information according to his
interest and the matching concepts in the definition. The data can be found in any nodc
considercd into the application.

The interaction and comimunication process has been deseribed in previous scction
(Multi-Agent System). The retrieval of concepts among ontologies is performed consi-
dering the relationships of them by means of MAS. Fig. 9 and Fig. 10 show the ontol-
ogies that we proposc to retrieve spatial data by means of concepts.

as a scrialized Java object to

le gencrator to obtain a sha-
the spatial data.
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On the other hand, the GML definition is used to obtain the spatial data from differ-
ent distributed GIS according to the request of the user. MAS sends this definition to
find the specification rclated to the request. If the data has been found, the GML defini-
tion encodes the information. which is sent to the Ontology Repository for matching
this information encoded into the GML definition with the ontology structures. Inside
the Ontology Administration Query Module the information is parsed for relating it
with the concepts, which integrate the ontologies. We use the relationships between
conccpts that belong to the ontology to communicate the Map and Trip Package On-
tologies. The use of relationships of concepts provides detailed information (spatial
and attributive), because we can obtain concepts in certain directions as breath and
depth first search.

If the information is valid, it is necessary to generate the shapefile by means of the
Shapefile Creator for sending it to the Spatial User Agent Interface. A brief description
of the GML definition is shown in Table 1.

Table 1. Briecf GML description related to TOGWA

<?xml version="1.0" enceding="UTF-8"2>
<rdf:RDF xml:lang="en”
xmlns:camb="1 . ";::/

TR S U PO Bt L DR I et | (I S O

xmlngsgmle®lo byt 2o gumre, 20o by oo DU GRS e iy Y Ty v Fea
<!--The camb and gml namespaces replaced for validation purposes Map Ontology Data-->
<camb:Map>
<gml :boundedBy>

<gml:Box gml:srsName="ROAD:4326">
<gml :coordinates>
0.0,0.0 100.0,100.0
</gml:coordinates>
</gml:Box>
</gml :boundedBy>
<camb:modelDate>
Dic 2003.
</camb:modelDate>
<camb:modelMember>
<camb:Roads>
<gml:name>
145
</gml:name>
<gml :description>
Federal Highway from San Pablito to Cancun.
</gml:description>
<gml:centerLineOf>
<gml:LineString gml:srsName="ROAD:4326">
<gml:coordinates>
0.0,50.0 100.0,50.0
</gml:coordinates>
</gml:LineString>
</gml:centerLineQf>
<camb:ModelMember>
<camb:Highway>
<gml :Name>
Interstate 35
</gml:Name>
<gml:description>
Main Highway to connect Cancun and Chetumal.
</gml:description>
<gml:LineString gml:srsName="ROAD:4326">
<gml:coordinates>
344,552.4,566,763.67,763,234.12, 3,456,655.65, 890,765.31
</qml:coordinates>
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</gml:LineString>
</camb:Highway>
</camb:ModeilMember>
</carb:Roads>
</carb:mode |Member>
</camb:CitvModel> .. </rdf:RDF>

5 Preliminary results by TOGWA

By using TOGWA, we have developed roads, city, weather and sightseeing maps.
These maps are generated by means of concepts that belong to the ontologies (Trip
Package and Map). The data have been retrieved by the GML definition according to
the user request. SUAI contains an ctficient and user-[riendly interface, which is com-
posed by some spatial tools. Some results are shown in this section.

Fig. 11 depicts the map of roads for Toluca City, Mexico. This map consists of dif-
ferent thematics as Populations, Roads, Urban Arcas and Internal Administrative Divi-
sions. The roads presented in this map arc classified by its propertics: four rails, two
rails. tracks and urbanized routes. The goal of this map is to guide the users for know-
ing their interest places in low level of detail (1:200,000).
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Fig. 11. Map of roads

City map is composed by streets, avenues and present different interest sites. Fig. 12
shows the city map of Lindavista area in Mexico City, which scale is 1:5,000. In this
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map we show the location of different sites as Restaurants, Bus Stations and Hotels in
this area. The users can retrieve a city map according to their necessitics. Also, Trip

Description Box provides uscful information related to the user rﬁucst.
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Fig. 12. City Map

Fig. 13 shows the Sightseeing map of San Pablito in Quintana Roo. Mexico. This
map describes general aspects of San Pablito, showing the Information Sites Location,
Gas Stations, Camping Zones, Restaurants and Archeological Sites. Moreover, it pro-
vides the gencral structure of the population. Additionally, this map presents the roads
that connect with San Pablito (in red color). The map scale depends on the size of the
interest arca.
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Fig. 13. Sightsccing Map

Weather map consists of vegetation arcas, temperaturce and precipitation contours.
This map guides to the users to know the characteristics of the weather in a particular
place, when the users want o travel according to their criteria of retrieval requecst. In
addition, Fig. 14 depicts attributive information rclated to the map into the Trip De-

scription Box.
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6 Conclusions

In the present work, the Tourism Onto-Guide-Web Application (TOGWA) has been
proposed. TOGWA is a web-mapping system focused on retrieving geo-information
by mcans of spatial ontologics and representing it on the Internet. We use the spatial

semantics to gencerate the geo-ontology for representing geographical objects by means
of concepts.

TOGWA contains a Multi-Agent System, which performs the following tasks:

® To communicate diffcrent spatial databascs by means of GML definition.

® To encode the spatial data for retricving in the SUAL

® To solve ambiguities that can be presented in the spatial data by mcans of con-

cepts (“not words™).

The spatial subject domain definition is oriented towards an interaction with spatial
laxonomy to conceptualize the spatial databases. In essence, the spatial subject domain
is defined as a sct of “names™ that describe the primitives of spatial representation.
Thus, we can start with « priori knowledge of the geographical objccts to examine the
spatial data, which interact with the spatial taxonomy to generate spatial ontologics.

We attempt to show an alternative approach to represent spatial data on the Internet
considering the relationships that compose the ontologics to retrieve spatial data ac-
cording to scvcral scarch critcria.

In addition, the spatial ontologies catch the semantics of the spatial data to provide
relevant information related to the concepts. These ontologics can be used to establish
agreements on diverse views of the world and consequently to carry out the “meaning”
of the geo-information. In many situations, this geo-information is embedded in the
spatial rcpresentation of geographical phenomena in the human-mind.

The use of ontologics in spatial databascs enables knowledge sharing and informa-
tion integration. The proposed approach provides dynamic and flexible information
exchange and allows partial integration of spatial data when completeness is impossi-
ble in the web.

The communication between ontologies is performed by MAS, which sccks the rela-
tionships of the concepts to match nodes in the ontologics. This process is iterative and
the new generated concepts can be considered in the spatial subject domain,

This approach can aid to solve semantic ambiguities between the available geo-
information, because the context of the spatial data can change, according to the case
of study and the representation state by means of concepts of the spatial data.,
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Abstract. We present our experiences in four
domains where we applied diverse data mining techniques. The first domain is
about electric generator diagnosis. The second one is rclated to flashover
forecasting in high-voltage insulators. The third case is about obtaining expert
knowledge, applying data mining techniques to hydroclectric and thermoelectric
utilities databases. The last case approaches a pattem recognition problem to
detect potential clectric illicit users. We outline successful and bad practices, and
comment about possible solutions or future work that we think it have to be done
to maximizing the uscfulness of the data mining approach.

Mexican power electric industry

1 Introduction

Data mining has been employed with success in various fields and in many real world
problems [1]. Data mining is applied to huge volumes of historical data mainly with the
expectation of finding knowledge, or in other words, when it is sought to determine trends
or behavior patterns that permit improve the current procedures of marketing, production,
operation, maintenance, or others. In summary data mining, or more widely expressing.
knowledge discovery, is the nontrivial extraction of implicit, previously unknown, and
potentially useful information from data [2]. Some of the traditionally used computer
techniques to accomplish data mining are: neural networks, induction of decision trees,
decision rules and case-based methods.

In this paper we present our experiences in several Mexican power electric industry
domains where we applied diverse data mining techniques. The first domain is about
electric generator diagnosis using expert systems plus a novel ncural network paradigm.
The second one is related to flashover forecasting in high-voltage insulators, wherc we
proposed several tools to approach this problem. The third case is about obtaining
expert knowledge, applying and comparing well known data mining techniques to
hydroelectric and thermoelectric utilities databases. The last case approaches a pattern
recognition problem to detect potential clectric illicit users. where we proposed and
realized a pre-processing feature selection method. We outline successful and bad
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practices. and comment about possible solutions or future work that we think it have to
be done to maximizing the uscfulness of the data mining approach.

2 Electric Generator Diagnosis

In this Section we present an Electric Generator Failure Diagnosis (EGFD) system. The
EGFD system combines two artificial intelligence approaches: expert systems and
artificial neural networks. With our expert system shell we capture the human expertise.
With our neural net paradigm we obtain knowledge (rom data. For instance, human
experts on electric generation failures know that:
a) Internal partial discharges can occur within the ground wall insulation at
delaminations or arcas where the bonding material is missing or incompletely cured.
b) Such discharge activity is particularly common in older insulation systems such as
mica folium and asphalt-mica.
¢) The main characteristic of this mechanism is that the positive and negative partial
discharge activity is about cqual.
Then a production rule to detect this condition becomes as follows:

RULE 3
[F: - Insulation system is made of <mica folium> or <asphalt-mica>.

and - [Positive PD at 50 mV] * 1.1 >=[Negative PD at 50 mV].
and - [Positive PD at 50 mV] *0.9 <= [Negative PD at 50 mV].
and - [Positive PD at 200 mV] * .1 >= [Negative PD at 200 mV].
and - [Positive PD at 200 mV] * 0.9 <= [Negative PD at 200 mV].

THEN:
- Bonding material is missing or incompletely cured. Certainty 7. and- Exe ( PHAFII

).

A number is assigned to cach rule: '3’ in this example. Then, the keyword '/F’ indicates
the beginning of the list of conditions, premises or antecedents of the rule. The first
condition is true, if and only if, the user answer to the question: 'Insulation system is macde
of ?' is 'mica folium' or ‘usphalt-mica’. The second condition is true, if and only if, the
variable [positive PD at 50 mV] multiply by 1.1 is greater or equal to the variable
[Negative PD at 50 mV]. The same applies to the rest of the conditions. If one of these
conditions happens to be false, because the user answer is different than expected, or
because some variable value do not match the required condition, then the rule is false,
and the inference machine of the expert system searches for another rule.

On the other hand, if all the conditions of a rule are true, then the rule is true and its
conclusion is 'fired: 'Bonding material is missing or incompletely cured'. The word
‘Certainty’ at the end of a rule means 'the degree of certainty’ or belief that the human
expert has on the rule and it ranges from 0 to 10, where 10 means that the expert is

absolutely certain of what the rule states.
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With this production rule, the expert system can identify, with 70% certainty or
rcliability, that 'Bonding material is missing or incompletely cured' if the ‘insulation
system is made of mica folium or asphalt-mica'. as stated in first condition. and if the
'positive partial discharge activity’ is similar (within ten percent) to the 'negative partial
discharge activity' at 'pulse magnitudes' of 50 mV and 200 mV, as stated in the rest
conditions.

Then, our necural nct paradigm is called using the command Exe(PHAFII), where
PHAF Il is the module that handles the neural net. Algorithmic details of PHAF 1l are
in [3]. We used the neural net to take advantage of the enormous amount of information
currently available in many clectric generator databases. Data from the partial discharge
graphs are normalized within the range [0,1] and then fed to the PHAF II neural net.
The neural net, previously trained with normalized data from graphs which are typical
patterns of abnormal situations, performs the recognition of the fed graph and compules
the percentage of similarity using three criteria:

a) 10,000 base, where the graphs are compared using a lineal scale from 0 to 10,000
of frequency units. With this criterion, the differences or likenesses of the graphs
have the same weight at high and low frequencies.

b) Logarithmic base, where the graphs are compared using a logarithmic scale from 0
to 10,000 of frequency units. With this criterion, the differences or likenesses of the
graphs are adjusted with more weight given to the differences in the low
frequencics (0 to 100) and less weight to the differences at the high frequencies
(100 to 10,000).

c) Central basc, where the graphs are compared using as a reference the pattern graph.

With the mean (average) of these three criteria, we obtain a final certainty factor. This
factor indicates the similarity of the fed graph and the pattern graph. If the final factor is
greater than 70% the system displays the screen shown in Fig. I.

From Fig. 1, it is obscrved that the system displays the graph being recognized, the
diagnosis, and cight certainty factors. Four of these correspond to a 'Global' analysis
(GCF), where the certainty factor is computed as the mean of the likenesses or
differences at all the points of the graphs. The other four certainty factors, called 'Local’
(LCF), are obtained [rom the same point on the graphs where there exists the greatest
distance between the graphs (the test graph and the pattern graph).

We planning, as future work, incorporate more human and data knowledge to this
system. To efficient this phase we will investigate about automatic elicitation tools.

3 Flashover Forecasting

To approach the flashover on high-voltage insulators forecasting, we developed and
integrated four data mining tools that combine the ID3 algorithm [4] and the nearest
neighbor case-based rcasoning method [5]. The first tool uses data mining to build a
classification or decision tree from historic data, the second generates production rules,
the third operates the decision tree as an expert system, and the last, makes tests with
unseen cases to evaluate forecasting accuracy. The results were compared against other
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classic machine learing tools like C4.5, FOIL, CN2 and OCl, and we obtain similar or
better solutions.

To perform the experiments. data from an N-120P high-voltage insulator were
registered during 21 days (504 examples of metcorological and surface resistance values).
The attributes used were: hour of the day, wind direction, wind velocity, temperature,
precipitation, dew temperature, barometric pressure, rclative humidity and absolute
humidity. The class attribute is the surface resistance, a variable correlated with the

flashover phenomenon.

PARTIAL DISCHARGES RECOGNITION
10.000 . , ;

1.000

100

10

e e S . S ————————— et o o

0

CONCLUSION: BONDING MATERIAL IS MISSING OR INCOMPLETELY CURED.
CERTAINTY FACTOR  Base 10,000 Base L0G  Base CENTER AVERAGE

GLOBAL 82.33 9342 8.6
LOCAL 71.94 84.29 771.78

Fig.l1 EGFD final display

Three classes were assigned to the surface resistance: "low" (for values between
1.013 and 3,489 kilo ohms), "medium” (for the interval 3,490/ 7,992) and "high" (for
the interval 7,993/ 11,482).

With these tools, we could successfully determine:

e The relationship among the environmental variables and the surface resistance

class.
e The variables that have more impact on the phenomenon, and the variables that
hardly affect the surface resistance behavior.
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The circumstances that cause the surface resistance to be low.
The surface resistance value 24 hours ahead, with an accuracy of 83%.

Table | shows comparison results. In the future we will work in the simplification and
reduction of the production rule quantity generated for the proposed tool, to facilitate

the interpretation of the discovered knowledge. We will work too with more data to try
to forecast with more anticipation the flashover event.

Table 1. Results comparison.

TOOL Proposed C4.5 FOIL CN2 ocClI
TEST-Acc 829 82.9 62.9 82.4 80.1
TRAIN-Acc 99.6 85.3 96.8 92.0 81.5
# Rules 496 9 61 52 NA
Default Unknown Low NA High NA
Time(secs) 3.68 143 10.7 74 643

where:

TEST-Acc = Accuracy to forccast unknown cases (%).

TRAIN-Ace = Accuracy to forceast the same examples used in learning stage (%).
# Rules = Number of generated rules.

Default = Default class (if no rule applics).

Time (sccs) = Sceonds required to generate the results.

NA = Charactcristic not available by the tool.

4 Electric Utilities Data Mining

This case is about extract knowledge from data. Some well-known data mining tools
(C4.5, CN2, FOIL and PEBLS) were applied and evaluated for the task to obtain expert
knowledge. This was done on a real power generation database with thermoelectric and
hydroelectric Mexican clectric utilities information over cight years of historic data. We
evaluated accuracy, knowledge amount reduction and processing lime. We analyzed the
expert system rules (cxtracted knowledge) and we propose an architecture of an integrated
knowledge discovery system for this clectric power generation database [6].

For this research, personnel of the Performance Control and Informatics Unit of
Federal Commission of Electricity in Mexico (CFE) selected the data. One table was
built with 32 variables and 1,110 records corresponding to thermo and hydroelectric
information for the years 1988 to 1995.

The 32 variables include the following: power plant identifier, date, plate and effective
capacity; unavailability by type of failure; outage equivalent hours due to decrements,
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number of outages and outage hours due to failure and due to routine and corrective
maintenance and other causes: fuel kilocalories; net and gross generation; permanent
workers used in maintenance. in operation. and in other activities; additional workers used
in maintenance, in operation. and other activities; equivalent substitution workers in
maintenance, in operation. and in other activities; total personnel positions; accidents that
cause lost ol time: accidents in transit; days lost due to accidents; days lost due accidents
in transit: sum of disabilities in percent; and various expenses.

With this data set. a supervised data mining knowledge extraction was outlined. We
used the variable Power Plant Factor (PF). as the "class" or focus of attention for the
experiment. To calculate the PF the following formula was used:

Gross Generation
PF= --*100 )
HP * Net Generation

where HP (hours per period) is equal to 8,760 hours (365 days by 24 hours). It was found
that only one rule describes the knowledge for 'excellent' plant factor for hydroeclectric

utilities, with 85.7% certainty:

IF:
Unavailability due to failure (%) <= 9,375 and

Unavailability due to maintenance (%) <= 0.520 and
Unavailability due to other causes (%) <=32.560 and
Permanent Workers (Rest) > 822

THEN: The Plant Factor is Excellent [certainty 85.7%]

Only one rule describes the knowledge for 'excellent’ plant factor for thermoelectric
utilities, with 92.3% certainty:

IF:

Effective Capacity (MW) <=298 and

Gross Generation (GWH) > 1,721

THEN: The Plant Factor is Excellent [certainty 92.3%)]

We found that the variables that most affect the hydroelectric plant factor turned out to
be: Unavailability due to other causes (63%), Gross generation (59%), and Effective
capacity (48%). For thermoclectric utilities the variables were: Gross gencration (87%),
Effective capacity (83%), and Unavailability due to failurc (48%). A summary of the
results is shown in Table 2. From the experience obtained in the development of the
experiments described, the need of having a system to facilitate the process of knowledge
discovery using data mining algorithms and the exploration of various alternatives that
improve the quality of the extracted knowledge (expert system rules) was cvident.

So we proposed the creation of the following data mining modules:

e User Interface: allows the user to have an integrated environment, which shows
the user a screen from which he can choose different options to accomplish the
data mining and to obtain the results.
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Table 2. Comparison of the number of Errors*
Plant Factor C45 C4.5* CN2 FOIL FOIL*
Very-Low 4 7 8 1 |
Low 37 83 125 3 14
Regular 31 54 79 3 23
Average 23 67 87 10 7
Good 28 42 61 1 9
Very-Good 12 29 39 6 7
Excellent 5 22 23 0 0
Total 140\13.5% 304\29.2% 422M0.6%  2423% 61\5.8%

Errors* = Number of cases misclassified using unseen data

Commentaries: FOIL has the better classification efficiency, followed by C4.5
C4.5 = results of the 'composite rule set’
C4.5* = results of the 'trial 0"
FOIL* = using similar attributes grouping

EXECUTION TIMES:

C45 = more than 30 mins.
CN2 = 10 mins.

FOIL = 128.1 secs.

FOIL* = 189.6 secs.

e

Pre-Processing: this module handles different options to prepare the information
of the database before the application of the mining algorithm. This module
allows, among other things, the addition or deletion of columns and rows.
clustering (using several methods like ChiMerge, 1R, Chi2, etc.) of continuously
valued variables to group them in (a few) labeled classes. feature selection
methods and to automatically prepare the data to the format required by the
mining tool.

Mining tools: the user selects from among several data mining tools, the one to
be applied to the preprocessed data. Usually, it is nccessary to try different
algorithms due to the fact that there does not exist a perfect tool. but rather,
depending on the data, some algorithms perform better than others.
Post-Processing: through this module, the user may request the conversion of the
extracted knowledge by the mining tool in a representation that it will be easier
for him to understand; again, it does not exist "the best" representation of
knowledge, since it depends on the user preferences. Some knowledge
representations  are:  production rules, decision trees, graphics (OLAP),
characteristic tables (prime relation tables and feature tables), Horn clauses, and
prototypes.
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These ideas were proposed by us before tools like Weka, Orange. Elvira, and others,
arrived to the data mining community. However, still nowadays several issues related
with the proposed modules are open for research, like data quality tools (profiling,
cleansing, etc.), knowledge representation and visualization tools, ctc.

5 Illicit Users Pattern Recognition |

To process this problem. we have to realized feature sclection pre-processing task duc
to the database size and because of noisc data problems. The problem domain can be
expressed thus: CFE faces the problem to accurately detect customers that illicitly use
energy. and conscquently, CFE tries to reduce the losscs duc to this concept. At present
time. a lot of historical information is stored in the Commercial System (SICOM), an
clectric billing databasc. SICOM was crcated mainly to register the users contract
information. and the invoicing and collection data; this databasc has scveral years of
opcration and has a great amount of accumulated data (millions of records).

To make feasible the mining of this large database, in an cffective and cfficient way,
we firstly realized an evaluation of different filter-ranking mcthods for supervised
lcarning. The cvaluation took into account not only the classification quality and the
processing time obtained after the filter application of each ranking mecthod, but also it
considered the discovered knowledge size, which, the smaller, the easicr to interpret.

Also the boundary sclection topic to determine which attributes must be considered
relevant and which irrelevant was approached, since the ranking mcthods by themselves
do not give this information. We proposed an cxtension, simple to apply, that allows
unifying the criterion for the attributes boundary in the different cvaluated ranking
methods [7].

Based on the experimentation results, we proposed a heuristic that looks for the
efficient combination of ranking mcthods with the effectiveness of the wrapper
methods. Although our work focuses on the SICOM data, the lessons lcarned can be
applicd to other real world databascs with similar problems.

Recently, to process this problem more cfficiently and accuratcly, we proposed
several competitive metrics and algorithms for feature sclection considering inter-
dcpendencics among nominal attributes (buB/- method) [8] or numeric attributes (/G
method) [9]. Some results and comparisons against other featurc sclection methods in
Weka [10] and Elvira [12] tools are shown in Table 3.
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Table 3. J4.8's accuracies for 10-fold-cross validation using the fcaturcs selected by
cach method (Electric billing database).

Total features Accuracy  Pre-processing time
Method selected (%)
CFS | 90.18 9 secs.
dG 2 90.70 43 secs.
vG 3 94.02 0.7 sccs.
Bhattacharyya 3 90.21 6 sccs.
Matusita distance 3 90.21 5 secs.
ReliefF 4 93.89 14.3 mins.
Euclidean distance 4 93.89 5 seccs.
Kullback-Leibler 1 4 90.10 6 secs.
Mutual Information 4 90.10 4 sccs.
buBF 5 97.50 1.5 secs.
Kullback-Leibler 2 9 97.50 6 sccs.
OneR 9 95.95 41 sccs.
Shannon entropy 18 93.71 4 sccs.
ChiSquared 20 97.18 9 secs.
All attributes 24 97.25 0

Furthermore, these ideas was applicd successfully to other well known databases
[12], as Table 4 shows. So we can conclude that the proposed metrics and feature
selection methods are valuable tools to detect relevant attributes.

In the near futurc we will work in developed feature sclection methods for mixed
data, this is to say, for nominal and numeric attributes at the same time.

6 Conclusions and Future Work

We have presented four data mining applications in the Mexican power industry, and
the way that we approached cach one of them. From the experimentations presented we
think that our proposed methods represents promising alternatives, compared to other
methods, becausc of its acceptable performance. At Table 5 we resume our experiences:
we outlinc advantages, drawbacks and possible solutions that we think it have to be

done in the near future to maximizing the usefulness of the data mining techniques that
we used in our works.
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Table 4. J4.8"s accuracies using the features selected by each method for five UCI

datascts.

Autos Horse-c Hypothyroid Sonar lonosphere | Avg.

Method | (25/205/7) (27/368/2) | (29/3772/4) | (60/208/2) (34/351/2) | Acc
TF[Ac| Pt | TF[Ac] Pt | TF[Ac[ Pt [TF[Ac| Pt |[TF|Ac| Pt

Allatts 25 8 0 27 66 0 29 99 0 60 74 0 34 9/ 0 82.4
buBF 9 77 02 4 72 022 5 97 031 10 74 06 4 90 09 820
vG 8 75 001 3 69 002 4 95 02 11 73 003 4 9/ 03 806
dG 7 75 12 2 68 14 5 95 26 9 75 14 3 88 18 80.2
CFS 6 74 005 2 66 004 2 96 03 I8 74 009 8 90 3 80.0
RelieclE 11 74 04 3 66 09 6 93 95 4 70 09 6 93 4 792
SOAP 3 73 001 3 66 002 2 95 02 70 0.02 31 90 0.01 788
Mutwall 3 72 09 4 68 | 2 90 14 18 73 | 3 8 | 77.8
OneR 5 70 08 3 67 |1 3 88 13 12 72 |1 4 & 1 76.4
KL-1 3 71 09 4 6/ 12 3 92 17 16 70 | 2 8 | 76.0
KL-2 4 68 09 4 62 11 2 8 15 11 68 | 3 83 1 74.0
Matusita 3 66 1.7 3 61 23 2 9/ 33 17 68 25 2 83 2 73.8
Bhattac 3 67 08 3 60 | 1 90 14 9 68 | 2 83 | 73.6
Euclidea 2 66 | 3 62 14 2 9 12 10 67 1.1 2 &2 | 73.4
ChiSqua 3 67 | 2 60 1.6 3 88 13 11 65 1.2 2 S0 | 72.0
Shannon 4 66 09 4 6/ 13 2 8 16 9 66 | 2 80 1 72.0

“(25/205/7)" means (attributes/ instances/ classes) for Autos dataset, and so on.
TF=Total features sclected Ac=Accuracy (%) Pt=Pre-processing time

(sccs.)

In our opinion, a grcat varicty of Mexican power industry applications
are still waiting to be tackled with data mining techniqucs, but we need
develop more and sophisticated tools to accomplish the challenges. Some
future work includes problems with real and very large power system
databases such as the national power gencration performance database,
the national transmission energy control databases, the dc-regulated
encrgy market database, and the Mexican electric encrgy distribution
database. Also, we neced apply statistical tests to observe if the
differences in accuracics, processing time or another parameter of the
proposed methods are really significant.
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Table 5. Our expericnces and recommendations.

Approach uscd

Advantage

Drawback

Possible solution

Expert
System

Neural
Network

Induction
Trece

Data
Mining

Feature
Sclection

Representation of
human-expert
knowledge in a natural
way.

Captures knowledge
from numeric data.

Captures and shows
knowledge from
nominal data in an
explicit way.

Discovers and shows
hidden knowledge
from data.

Detects relevant
attributes and reduces
problem size.

Complex clicitation
process.

It needs manual
tuning.
Discovered knowledge
is in a black box.

It needs previous data
discretization.
Obtained results are
not very precise.

It needs an integration

of the pre-processing,

processing and post-
processing phascs.

There are no infallible
method.

Develop more
sophisticated and
computer aided
elicitation tools.

Develop tools for
dynamical tuning and
to extract knowledge

from neural inter-

connections.

Develop tools for

automatic and efTicient
data discretization.
Improve output thru
post-processing-
visualization tools.
Construct a integrated
system with: data
quality process, linal
user easy of interpret
knowledge
representation and
visualization tools.
Research lor metrics
that evaluate attribute
relevance (numeric
and nominal data at
once) in an elTective
way.
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Abstract. Collocations, or restricted lexical co-occurrence, can be classified
according to their semantics represented by the formalism of lexical functions
in the frame of Mcaning-Text Theory. We use learning algorithins imp lemented
in WEKA o classify Spanish verb-noun collocations according to lexical
functions. Experiments were made on a manually buill compus of verb-noun
pairs. WEKA classifiers were tested for detection of two lexical functions,
namely Operl and CausFuncO. Some WEKA chssifiers show better
performance than state-of-the-art results.

1 Introduction

Knowledge of collocation is important for natural language processing because
collocation comprises the restrictions on how words can be used logether. Automatic
extraction techniques produce a list of collocations. Such lists are more valuable if
collocational data is tagged with scmantic information. In this section, we will
consider the notion of collocation, approaches to classification of collocations, and
lexical funclions as scmantic typology for collocational classification,

1.1 Collocations

Collocation has been a controversial issuc in linguistic rescarch for a number of
decades. Many attempts have been made to define collocation. These definitions are
based on various criteria: statistical, lexical, functional, structural, semantic. We make
use of a semantic definition of collocation given in [9]. This definition alfirms that
collocation is a combination ol two lexical items in which the semantics of one of the
lexical items (called the “basc™ of collocation) is autonomous from the combination it
appears in, and where the other lexical item (called the “collocate™) adds semantic
featurcs to the semantics of the base. In other words, collocation is a binary word
combination in which the base is used in its “normal™ meaning and the collocate is
used in a “non-typical™ meaning. As an cxample, consider a Spanish collocation dar
un paseo “give a walk". The noun paseo is the base and is used in its typical meaning,
but the verb dar here means *do” although it’s most frequent meaning is *give’. There
arc other verb-noun collocations where the verbal collocate acquires the same

O M. Martinez, A. Alarcon (Eds.) Received 30/04/10
Advances in Computer Science and Engincering. Final version 19/05/10
Research Computing Science 43, 2010, pp. 221-232 Adccepted 14/05/10
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meaning ‘do’: cometer un error (*make a mistake’), ejercer control *exercise control’,
hacer una pregunta “ask a question’, realizar el esfuerzo *make an ¢ffort’. We can
observe that all these collocations can be characterized by the mcaning pattern *do
something’. The next group of collocations reveals another meaning pattern — ‘cause
something to exist’: causar daito ‘cause damage’, abrir una posibilidad *open a
posibility’, establecer una regla ‘establish a rule’, formar un grupo Yorm a group’.
Therefore, semantic patterns ‘do something', ‘cause something to exist’ represent
semantic contents of respective collocations.

1.2 Classification of collocations

Collocations are classified on the basis of various criteria. According to their
gramimatical structure. collocations can be grammatical and lexical [5]. Depending on
the part of speech of the base and the collocate, collocations can be adjective-noun,
verb-noun, adverb-adjective, verb-adverb, etc. [3]. If frequency of collocational parts
in corpus is applied as a classification principle, then ‘upward’ and ‘downward’
collocation are distinguished by Sinclair [13]. Wanner proposed a semantic
classification of collocation based on the taxonomy of lexical functions [17].

1.3 Lexical function

Lexical function (LF) is a formalism developed within the Meaning-Text Theory [8]
[10] to represent smantic and syntactic structure of collocation. It has a gencral form

LFn;...ny(b) = ¢,

where b is the base of a collocation, ¢ is the collocate. In terms of the Meaning-Text
Theory, b is called the keyword, and ¢ — the LF value. “LF" in the formula stands for
the name of lexical function. The LF name is an abbreviated Latin word which
denotes the semantic contents of collocations. The string of positive integers *n...ny*
is optional. The integer value indicates semantic valency of the keyword. The position
of the integer in the string represents the synlactic function of the word used to fill in
the corresponding semantic valency (first position signifies the subject, second -
direct object, etc). Let us consider a few examples.

Operl (puseo) = dar. The keyword (the base of the collocation) is paseo, ‘walk".
The LF value is dar, ‘give'. The lexical function has the name “Oper” from Latin
operari— ‘do, carry out’. Since paseo denotes an action, it can be viewed in its verbal
aspect. In this case, its first scmantic role is the agent. The integer **1” means that the
word used to lexicalize the role of agent, functions as a subject in a sentence, for
example El doctor salio a dar un paseo por la tarde. ‘The doctor left to take a walk in
the afternoon ', where the doctor is the agent.

FuncO(posibilidad) = existir. “Func” is from Latin functionare — to ‘finction’, so
respective collocations have meaning ‘something functions, happens, takes place’.
The integer “0” means that no semantic role is lexicalized as subjcct, but the keyword
itself functions as the subject: No existe la posibilidad de realizar este proyecto. ‘No
possibility exists to realize this project’.
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Manifl (problema) = plantear. “*Manif” is from Latin manifestare — to *manifest’.
Respective collocations mean that the agent of the verb reveals somcthing that it
becomes apparent.  Plantear problema in Spanish corresponds to pose a problem in
English.

The above examples demonstrate so-called simple lexical functions which
formalize a single semantic element, or one meaning like ‘do’, *function’, ‘manifest’.
However, there are many cases when collocations have more complex meaning which
is formed by a combination of two or more “single™ meanings. This phenomenon is
captured by complex LFs. Before giving examples of complex LF, it should be
mentioned that there exist simple LFs that are seldom used independently but more

often constitute parts of complex LFs. Table | lists names of such simple LFs and
their respective meanings taken from [10].

Table 1. Examples of simple LFs used in complex LFs more often than independently.

LF Meaning Comment

Incep Lat. incipere — *begin' something begins occurring

Cont Lat. continuare - *continue’ something continues occurring

Fin Lat. finire - *cease’ something ccases occurring

Caus Lat. causare - *cause’ do something so that a situation
begins occurring

Liqu Lat. liquidare - liguidate® do something so that a situation

stops occurring

A complex LF is a combination of two or more simple LFs. Tablc 2 prescnts a
few complex LFs and their meanings, for each complex LF examples of collocations
arc presented. “K™ in the column “*Meaning™ stands for the keyword.

Table 2. Examples of complex LFs.

LF Meaning Keyword LF Value Collocations
IncepOperl begin lodo K proceso iniciar iniciar ¢l procesn
Process” *hegin® ‘hegin the process”
responsabilidad asumir asumir la responsabilidad
‘responxibiline” ‘assume” ‘wssume the responsibilin”
ContOperl continue to do K contacho mantener mantener el contacio
‘contact’ ‘maintain ‘maintain the contact”
caming seguir seguir el caming
road” follow* Sollow the mad®
CausFunc0 causc that K comes into efecro producir producir el efecto
exisience ‘ffect’ Produce” produce the effect”
explicacion dar dur wna explcaciin
‘explanation” give” ‘wive an eplanation”
LiquFunco do something that K vida yuitar quitar la vida
ceases Lo oXist life” tahe away'  Ctake ones) life”
problema evilar evitar el prohlema
‘prohlem’ ‘aveid ‘uveil the problem’

As mentioned before, collocations are classified on the basis of various criteria.
Since LFs represent semantic patterns of collocations, LF taxonomy can be used to
build a semantic classification of collocations. Besides, the taxonomy of LFs is
advantageous because it groups collocations according to language-independent
generalized semantics and characteristic syntactic patterns. Implemented in a
computer rcadable dictionary of collocations, a classification by lexical functions will
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allow effective use of collocations in natural language applications including parsers,
high quality machine translation, systems of paraphrasing and computer-aided
learning of lexica [2].

The rest of the paper is organized as follows. Section 2 summarizes previous
research on automatic detection of LFs. Section 3 defines the objective of this work.
We discuss the experimental results in Section 4. Section 5 presents conclusions and
outlines future work.

2 Related work

2.1 Automatic Detection of Lexical Functions

There have been made a few attempts to detect LFs automatically. Wanner
approached automatic detection of LFs as the task of automatic classification of
collocations according to LF typology [17]. He applied ncarest ncighbor machine
learning technique to classify Spanish verb-noun pairs according to nine LFs selected
for the experiments. The distance of candidate instances to instances in the training
set was evaluated using path length in hyperonym hierarchy of the Spanish part of
EuroWordNet [16]. An avcrage f[-score of about 70% was achieved in these
experiments. The largest training set included 38 verb-noun pairs (for LF CausFunc0)
and all test scts had the size of 15 instances.

Alonso Ramos ef al. [1] propose an algorithim for extracting collocations
following the pattern “support verb + object” from FrameNet corpus of examples [12]
and checking if they are of the type Opern. This work takes advantage of syntactic,
semantic and collocation annotations in the FrameNet corpus, since some annotations
can serve as indicators of a particular LF. The authors tested the proposed algorithm
on a set of 208 instances. The algorithm showed accuracy of 76%. Alonso Ramos e
al. conclude that extraction and semantic classification of collocations is feasible with
semantically annotated corpora. This statement sounds logical because the formalism
of lexical function captures the correspondence between the semantic valency of the
keyword and the syntactic structure of utterances where the keyword is used in a
collocation together with the value of the respective LF.

2.2 Collocation classification according to LF

Wanner ef al. [18] experiment with the same type of lexical data as [17], i.e. verb-
noun pairs. The task is to answer the question: what kind of collocational features are
fundamental for human distinguishing among collocational types. The authors view
collocational types as LFs, i.c. a particular LF represents a certain type of
collocations. Three hypotheses are put forward as possible solutions, and to model
every solution, an appropriate machine learning technique is sclected. Below we list
the three hypotheses and the selected machine learning techniques.
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1. Collocations can be recognized by their similarity to the prototypical sample of
cach collocational type; this strategy is modeled by the Nearest Neighbor
technique.
Collocations can be recognized by similarity of scmantic featurcs of their
clements (i.e., base and collocate) to semantic features of clements of the
collocations known to belong to a specific LF: this method is modeled by Naive
Bayesian network and a dccision tree classification technique based on the ID3-
algorithm.
. Collocations can be recognized by correlation between semantic features of
collocational elements; this approach is modeled by Trece-Augmented Network

Classification technique.

In classification experiments, the authors deal with two groups of verb-noun
collocations. The first group includes only verb-noun pairs where nouns belong to the
semantic ficld of emotions. In the second group, nouns are ficld-independent. We will
compare the results for the second group of collocations with WEK A performance in
Section 4.3. It should be mentioned also. that having proposed three hypotheses, the
authors have not yet demonstrated their validity by comparing the performance of
many machine learning techniques known today, but apply only four learning
algorithms to illustrate that three human strategies mentioned above are practical.
This will be considered in more detail in Section 4.3.

2,

3 Objective

The aim of this paper is to test WEKA methods for classification of collocations
according to LFs. We apply WEKA classifiers to a corpus of Spanish verb-noun
combinations and train the system to detect two lexical functions chosen for the
experiments. For each LF in question, the classifier with best results is identified. The

obtained results are compared with those in [18] for verb-noun collocations with
field-independent nouns. d

4 Experimental results

4.1 Experimental Methodology

We apply machine learning techniques as implemented in the WEKA version 3-6-2
learning and data mining toolset [6] [21]. The data as described in Section 4.2 was
supplied to 67 classifiers of various classes. We evaluated the performance of WEKA
classifiers by comparing precision. recall, and f-measure (weighted average values
over all classes). The precision is the proportion of the examples which truly have
class x among all those which were classified as class x. The recall is the proportion of
examples which were classified as class x, among all examples which truly have class
x. The f~measure is 2*Precision*Recall/(Precision+Recall) [19].
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4.2. Data

For compiling data sets. we used a list of verb-object pairs extracted by the Word
Sketch Engine [7] from Spanish web corpus [14] and ranked by frequency. 1000 most
frequent pairs were annotated with part of speech, Spanish WordNect version 200611
[16] [15] word senses. and LFs by human experts.

Table 3 gives the number of samples in the list for all LFs found in this list. The
number of instances that were annotated as [rec word combinations was 198; 61 pairs
were qualified as errors (for example, some pairs contained symbols like *, ©, --
instead of words, other pairs turned out to be combinations *verb + past participle™).

Table 3. LFs with the respective number of samples for 1000 most frequent
verb-noun pairs in Spanish Web Corpus.

LF Number of LF Number of
samples samples
Operl 157 Rcal2 3
CausFunc0 102 IncepFunc0 3
CausFuncl 60 MinusCausFuncO 3
Reall 45 ManifCausFunc0 2
FuncO 22 LiquFunc0 2
Oper2 16 AntiReal3 |
IncepOperl 14 Oper3 |
ContOperl 11 PlusCausFunc0 1
Copul 9 FinOperl 1
Manif 9 MinusCausFuncl |
Caus2Funcl 9 FinFunc0 |
PlusCausFunc0 6 PermOperl 1
PlusCausFunc| 5 Real3 1
PerfOperl 4 Caus |Operl 1
Caus |Funcl 3 PerfFunc0 |

Since the most frequent LFs in our data were Operl and CausFuncO, we
constructed one data set for Operl and another set for CausFunc0. These are the steps
we followed to build a training set for each LF out of the source file which contained
the list of 1000 most frequent pairs annotated with POS, word senses, and LFs as
described above.

I. Samples of the LF in question are marked as positive examples and are included in
the training sct.

2. Verb-noun pairs of all other LFs are marked as negative examples and are included
in the training set. Pairs qualified as errors are not made a part of the training set.
Free word combinations are considered a lexical function and are incorporated into
the training sct as negative examples.

3. All hyperonyms for every word in the set of positive and negative examples are
extracted from the Spanish WordNet. Synsets to which the words in the examples
belong are considered zero-level hyperonyms.

4. The training set for WEKA tool has the Attribute-Relation File Format (ARFF)
[22]. Every hyperonym in the set of Step 3 is considered as a nominal attribute
which can take one of two values: “1” if it is a hyperonym of any word in a given
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verb-noun pair, and 0™ if it is not. The overall number of attributes in the training
set as it was supplicd to WEKA included 935 attributes, 934 of them were
hyperonyms. The last attribute was the class attribute with two possible values:

“yes™ for positive examples and “no” for negative ones. Thercfore, every verb-
noun pair was represented as a vector of length 935.

An cxample of the input file in ARFF format is given in Fig. 1. The record

“@data” marks the beginning of the data section. All records beginning with
“@attribute™ as well as all strings in the data section arc accompanied by a comment

starting with symbol “%" in ARFF. For attribute entrics, comment includes words of
the synset specified by its number after the record “@attribute”. For data strings,
comment includes the verb-noun pair represented by this string. The pair is annotated
with POS and word senses. Comments were added for human viewing of data,

Partial representation of AFRR file
(@rclation Operl
@attribute n00001740 {0,1} % entidad 1

(@attribute n00002086 10,1} % ser_vivo_1 ser_| organismo_|
(@attribute n00003731 {0.1} % agente_causal_| causa_4

@attribute v0 1128460 10,1} % causar_5 producir_4 ocasionar_|
(@attribute v0 1130277 {0.1} % hacer 2
(@attribute v0 1131926 10,1} % dar 9

(@attribute category {yes.no}

(@data
1.0.0.0.1.0.0.1.0.0.0.0.0.0,0,0,0,0.0.0....,0,0,0.yes % v_hacer_15 n_mencion_1

0.0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1.....0,0,0,n0 % v_abrir_S n_camino_5

4.3 Results and Discussion

Training sets constructed as described in Section 4.2 were supplied to 67 classifiers.

The classifiers were tested by ten-fold cross validation. The obtained results are
presented in Table 4, Table 5, and Table 6.

Table 4. Performance of WEKA Classifiers of class lazy on Oper! and CausFunc0 data sets
P stands for precision, R - for recall, F - for f~measure.

Classificr Operl CausFunc(
Classilicr P R F P R F
class
lazy IBI 0.777 | 0.744 | 0.753 0.853 0.869 | 0.859
IBk 0.776 | 0.728 | 0.739 0.855 0.865 | 0.859
K Star 0.772 | 0,752 | 0.759 0.858 | 0.872 | 0.864
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Table 5. Performance of WEKA Classifiers of clisses bayes, function,
meta, and rules on Operl and CausFunc0 data sets, P stands for precision, R — for recall, F -

for f~mcasure.

Classificr Operl CausFunc(
Clssilicr P R F P R F
chss
baycs AODE 0.841 | 0.845 | 0.842 0.883 0.89 0.856
AODEsr 0.802 | 0.808 | 0.803 0.852 0.83 0.84
BaycsianLogisticRegression 0.927 | 0.927 | 0.927 0.901 0907 | 0903
BaycsNet 0.836 | 0.832 | 0.834 0.88 0.883 0.881
HNB 0.857 | 0.859 | 0.852 0.845 0.877 | 0.837
NaiveBayes 0.837 | 0.84 0.838 0.861 0.885 | 0.858
NaiveBayesSimple 0.837 | 0.84 0.838 0.801 0.885 | 0.858
NaiveBayesUpdatcable 0.837 | 0.84 0.83% 0.861 0.885 | 0.858
WAODE 0.838 | 0.84 0.839 0.883 0.897 | 0.881
functions | LibSVM 0.507 | 0.712 | 0.593 0.765 0.875 | 08106
Lugisﬁ.c 0.913 | 0.905 | 0.907 0.9 0.89 0.894
RBFNctwork 0.828 | 0.833 | 0.82% 0.854 0.88 0.842
SimpleLogistic 0.92 0.92 0.92 0.9 0.907 | 0.902
SMO 0.922 | 0.922 | 0.922 0.911 0.915 0913
VotedPerceptron 0.894 [ 0.896 | 0.894 0.88 0.893 | (0.883
Winnow 0.677 | 0.687 | 0.681 0812 0.764 | 0.785
meta AdaBoostMI 0.828 | 0.808 | 0.777 0.829 0.875 | 0.819
AttributeSclectedClassificr 0913 ] 0913 | 0913 0912 0919 | 0913
Bagging 0913 | 0913 [ 0913 0917 | 0922 | 0918
ClassificationViaClustering 0.599 | 0.666 | 0.616 0.772 | 0.774 | 0.773
ClassificationViaRegression 0.894 | 0.893 | 0.894 0.923 | 0.923 | 0.923
CVParamcterSclection 0.507 | 0.712 | 0.593 0.765 0.875 | 08106
Dagging 0.89 0.889 | 0.889 0.895 | 0.905 | 0.887
Deccorate 0.891 | 0.887 | 0.889 0.896 0.899 | 0.898
END 0.91 0.91 091 0.909 0.916 | 0.91
EnscmblcSelection 0917 | 0917 | 0917 0926 | 0.929 | 0.927
FilteredClassificr 0.91 0.91 0.91 0.909 0916 | 091
Grading 0.507 [ 0.712 | 0.593 0.765 0.875 | 0.816
LogitBoost 0914 | 0915 | 0914 0.898 | 0.907 | 0.899
MultiBoostAB 0.819 | 0.769 | 0.709 0.765 0875 | 0816
MultiClassClassificr 0913 | 0.905 | 0907 0.9 0.89 0.894
MultiScheme 0.507 | 0.712 | 0.593 0.765 | 0.875 | 0816
OrdinalClassClassificr 0.91 091 091 0909 | 0916 | 0.91
RacedincrementalLogitBoost 0.507 | 0.712 | 0.593 0.765 0.875 | 0816
RandomCommittec 0.874 | 0.868 | 0.87 0.895 | 0.902 | 0.89%
RandomSubSpace 0.879 | 0.875 | 0.867 0.884 | 0.897 | 0.877
RotationForest 0.904 | 0.905 | 0.904 0.908 0915 | 0,909
Stacking 0.507 | 0.712 | 0.593 0.765 | 0.875 | 0.816
StackingC 0.507 | 0.712 | 0.593 0.765 0.875 | 0.816
ThresholdSclector 0916 | 0915 | 0915 0.887 | 0.895 | 0.89
Vote 0.507 | 0.712 | 0.593 0.765 | 0.875 | 0.816
rules ConjunctiveRule 0.784 | 0.762 | 0.705 0.765 | 0.875 | 0.816
DccisionTable 0.905 | 0,906 | 0.905 0902 | 0.907 | 0.904
JRip 0.914 | 0915 | 0914 0932 | 0.933 | 0.932
NNge 0.894 | 0.892 | 0.893 0.888 | 0.895 | 0.891
OncR 0.819 | 0.769 | 0.709 0.877 | 0.893 | 0.871
PART 0911 | 0912 ] 0911 0.896 | 0.899 | 0.897
Prism 0881 | 0.874 | 0.876 0912 | 0,909 | 0911
Ridor 0.895 | 0.896 | 0.896 0909 [ 0915 | 0.911
ZeroR 0.507 | 0.712 | 0.593 0.765 | 0.875 | 0.816
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Table 6. Performance of WEKA Classifiers of classes misc and trees

on Operl and CausFunc0 data sets, P stands for precision, R — for recall, F - for f-mcasure.

Classiflier Operl CausFunc0
Classilier P R F P R F
class

misc HyperPipes 0.785 | 0.769 | 0.775 0.865 | 0.838 | 0.849
VFI 0.846 | 0.849 | 0.847 0.875 0856 | 0.864

trces ADTree 0916 | 0916 | 0916 0913 0919 | 0915
BF Tree 0917 | 0917 | 0917 0.921 0.925 | 0.922
DecisionStump 0819 | 0.769 | 0.709 0.765 | 0.875 | 0.816
FT 0.92 0.92 0.92 0.91 0912 1 0911
143 0.926 | 0.926 | 0.926 | 0905 | 0.905 | 0.905
J48 0.91 091 0.91 0.909 0916 | 091
J48graft 0907 | 0907 | 0.907 0.897 | 0.907 | 0.895
LAD Tree 0921 | 0.922 | 0.921 0.919 0919 | 0919
RandomForest 0.87 0.863 0.865 0.897 0.906 | 0.899
Random Tree 0819 | 0813 | 0816 0.865 0.876 | 0.87
REPTree 0903 0.903 0.903 0.925 0.929 | 0.927
SimpleCart 0921 | 0.922 | 0.921 0.921 0.925 | 0.922

Table 7 presents the highest statc-of-the-art results [18] for detection of Operl
and CausFunc0. NN signifies the Necarest Neighbor technique, NB — Naive Bayesian
network, ID3 — a decision tree classification technique based on the ID3-algorithm,

TAN — Tree-Augmented Network Classification technique. Experiments on ID3-
algorithm were not done for CausFunc0.

Table 7. State-of-the-art results 18] for Operl and CausFuncO, P is precision, R - recall, F - J-
measure.

LF NN NB 1D3 TAN
P R P R P R P R
Operl 065|055 | 087 | 064 | 0.52 | 051 ] 0.75 | 049
CausFu | 0.59 | 0.79 | 044 | 0.89 - - 045 | 0.57
ncl)

The best state-of-the-art result (recall 0.89) is achieved for CausFuncO by
applying Naive Bayesian network. The highest result we obtained (recall 0.933) is for
CausFuncO by applying rules.JRip classifier. (Names of classifiers are given in the
format <className>.<classificrName>). In both cases, results for CausFunc0 are
higher than for Operl. It means that instances of Oper! have more similarity with the
rest of examples in the list of verb-noun pairs than instances of CausFunc0.

The training set for CausFunc0 in [18] contained 53 positive examples and for
Operl — 84 positive examples. In our experiments, the training set for CausFunc0 had
102 positive examples, and for Operl — 157 positive examples. Larger data sets
improve the performance of classifiers and the obtained results are more statistically
reliable.

A difTerence between data representation in our experiments and data sets used in
[18] should be noted here. In [18], every word in the training set was accompanied by
its synonyms and hyperonyms, its own Base Concepts (BC) and the BCs of its
hyperonyms, its own Top Concepts (TC) and the TCs of its hyperonyms taken from
the Spanish part of the EuroWordNet. We included only hyperonyms in the training
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scts. Though WEKA classifiers were led with less information in our casc, it sccms
quite sufficient to produce better performance than in [18]. This phenomenon may
remind us of the original intent of WordNet compilers who suggested to describe the
meaning of any word by scmantic relations only [11], like “is-a-kind-of™ semantic
relation of hyperonym hicrarchy. Later, WordNet authors admitted that their previous
assumption had been wrong and glosses were added to distinguish synonym sets.
Though practical signilicance of glosses is gencrally accepted, we have seen that
classifier accuracy is no worse il only hyperonyms are taken into account. Further
rescarch is nceded to investigate how additional information, like that of semantic
ontologics, changes classifier performance.

In the light of our results, let us consider the three methods of human recognition
of collocations proposcd in [18] and considered in Scetion 2.2,

Method 1. Collocations can be recognized by their similarity to the prototypical
sample of cach collocational type; this was modeled by Nearcest Neighbor technique.
Weka implements the nearest neighbor method in the following  classificrs:
rules.NNge, lazy. 1B, lazy.l3k and lazy.KStar [20]. Among these four classificrs,
good results are obtained by rules.NNge for both Operl and CausFuncO. It
demonstrates that Method 1 is fcasible though does not produce very high quality
results.

Method 2. Collocations can be recognized by similarity of semantic features of
collocational elements to semantic features of clements of collocations known to
belong to a specific LF; this was modcled by Naive Bayesian network and a decision
tree classification technique based on the ID3-algorithm. We tested three WEKA
Naive Bayesian classifiers —  baycs.NaiveBayes, bayes.NaiveBayesSimple,
bayes.NaiveBayesUpdateable [20]. All three classifiers show cqual results, and the
results for CausFunc0 arc higher than for Operl. ID3 algorithm is implemented in
trees.1d3. This classificr gives better results than Naive Bayes and rules.NNge in
Method 1.

Method 3. The third method was modeled by Tree-Augmented Network (TAN)
Classification technique. As it is seen from Table 7, nearest ncighbor algorithm gives
better results in terms of recall than TAN. We did not apply TAN mecthod in our
experiments.

As it was mentioned before, the highest result obtained (recall 0.933) is produced
by rulesJRip classificr. JRip classifier implements the RIPPER propositional rule
learner [4]. The lcarning model is developed by iteration over a (raining subset, and
by doing structure optimization to minimize error rate. More dctails can be found in

[20].

5 Conclusions and future work

Our experiments have shown that verb-noun collocations can be classilicd according
to semantic taxonomy of lexical functions using WEKA learning toolsct. The best
performance was demonstrated by rules.JRip classifier for lexical function
CausFunc0. The highest result for detecting the lexical function Operl is given by
bayes.BayesianLogisticRegression classificr. Both classifiers can be applied for high
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quality semantic annotation of verb-noun collocations based on the taxonomy of
lexical functions. This was demonstrated on Spanish material,

As l[uturc work, we plan to experiment with different ratios of training and test
scts as well as experiment on English verb-noun collocations. We will evaluate the

performance of WEKA classifiers for more lexical functions and analyze crrors of
classificrs.

We have seen that rules.JRip accuracy is high when a verb-noun collocation is

represented as a set of all hypcronyms of the noun and all hyperonyms of the verb.

We plan to explore how performance of classifiers changes if we add other data like
word glosscs to the training set.
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Abstract. In this work we address the task of multi-document text
summarization which consists in reducing the contents of a collection of
documents to a single short text, so that the user ¢

an judge about the contents of
the whole collection upon reading only

this short text. The required short text is
composed ol entire sentences selected from the documents of the collection
which is called extractive summarization task. This task consists of weighting
some sentences from the whole collection. We improve a |

anguage-independent
method of weighting the se

ntences of the document collection looking for new
terms which permits o improve results for multi-document task. Our results

show that this mcthod is among the best systems in the existing language-
independent state-of-the-art methods.

1 Introduction

The text summarization tasks can be classified into single-document and multi-

document summarization. In multi-document summarization, the summary ofa whole

collection of documents is built, in contrast to single-document summarization where

the summary ol only one documant is to be built. So, a summary ol a collection of
documents is a sing!e short text that contains the most important information from
this collection of documents.

There are extractive and abstractive summarics. An ahstractive summary is a short
text that describes in different words the contexts of the source collection of
documents [1]. Abstractive summarization process consists of re-phrasing the original
collection of documents in fewer sentences. Usually, an abstractive summarization
method uscs linguistic methods to re-phrase and re-write documents. While this may
scem better alternative o obtain a summary; really, in statc-of-the-art, the abstractive
mcthods offer worse quality than extractive methods.

An cxtractive summary is a sclection of senlences or even paragraphs from the
original collection ol documents. It means, an extractive summarization method only
decides, for each sentence, whether or not it will be included in the summary, and
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then. it is usually presents to the user in the same order as in the source document
collection. The resulting summary is read it too awkward; however, simplicity of the
extraclive summarization methods offers an attractive, robust and language-
independent option, in contrast to more complicated abstractive methods.

A typical extractive summarization method consists in several steps [2], at cach of
them dilTerent options can be chosen. We will assume that the units of selection are
sentences. Thus final goal of the extractive summarization process is sentence

sclection.
One of the ways to select the appropriate sentences is to assign some numcrical

measure ol usclulness of a sentence for the smmimary and then sclect the best oncs; the
process of assigning thesc uselulness weights is called sentence weighting.

One of the ways to estimate the usefulness of a sentence is to sum up uselulness
weights of individual terms of which the sentence consists: the process of estimating
the individual terms is called term weighting. For this, one should decide what the
terms are: for example, they can be words; deciding what objects will count as terms
is the task of term sclection. DilTerent extractive summarization methods can be
characterized by how they perform these steps.

For term sclection step, several works employ domain-dependent terms like key-
phrascs, lexical chains, proper names and anaphors; and other ones employ word-
based terms like words or n-grams [3-11]. Word-based terms have the advantage of
depend less or nothing on the domain, since they are extracted from the source text to
be summarized. Recently, the so-called Maximal Frequent Sequences (MFSs) have
shown to bc good terms for single-document extractive summarization with
advantages over n-grams since cach MFS only depends on the structure of the text,
preserving more the sequential nature of the text [2, 12-14]. In cach MFS not only is
recovering the frequency of the term but also the size (number of words) of the terim
which provide more information about the importance of such term. Also, a maximal
frequent sequence is a meaningful term since all its sequences are frequent too.

It is very uselul the automatic construction of summarics lor dillerent collection of
documents. For example, summarics of collection ol news articles, sport reviews,
rescarch papers, description of products, politic debates, information from web pages,
all today's news or all search results for a query. Such summaries present brief
information about different points of view, opinions, sources of knowledac,
controversial or agrecement discussions on any event, fact, topic, history, book, wcb
page, etc. It will help to the user not only quickly find the necessary inlormation, but
also understand what is the overall situation on a spccific topic.

One possible scenario is when a rescarcher tries 1o understand a specific science
arca: in this case, the summary will return short definitions about this arca. Another
scenario, for example, when we want to know what books arc in the library of a
particular author. Given the name of the author, will be very interesting not only to
see the names of the books of this author but also a short description of each book.

In this paper, we arc experimenting with MFSs for multi-document task in order to
improve the quality of extractive summarics.

The paper is organized as follows. Scction 2 summarizes the state-of-the-art of
multi-document summarization mcthods. In Section 3, some notions used for term
selection in our method are introduced. Scction 4 presents our experimental setting,
Sections 5 and 6 describe the obtained experimental results for different term
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sclection and term weighting schemes, respectively, which are compared in Scction 7
with thosc ol existing methods. Scction 8 concludes the paper.

2 Related Work

One ol the most competitive methods of the-statc-of-the-art methods are presented by
Mihalcea [15] in the form of a clear graph-bascd formalism. In this method, the words
that have closer relationships with a greater number of “important™ words become
more important themselves, the importance being determined in a recursive way
similar to the PageRank algorithm used by Google to weight web pages. The latter
idea can be applied dircctly to sentence weighting without term weighting: a sentence
is important il" it is related to many important sentences, where relatedness can be
understood as, say, overlap ol the lexical contents of the sentences [15]. The two
mcthods presented in [15, 16] are those that currently give the best results and with
which we compare our suggested method.

Another relevant works are developed by Wei ef al. [17] where the relevance of a
term is derived from an ontology constructed with formal concept analysis. Song er
al. [3] weight a word calculating the number of lexical connections, such as semantic
associalions expressed in a thesaurus that the word has with its neighboring words:
along with this, more frequent words arc weighted higher. Passages are retrieved
using a language model [18] with the objective to predict the probability of word
sequences actually occur and low probability on word sequences that never oceur.,
The n-gram model is used as a basis for the proposed language model.

A special procedure is designed by Nenkova ct al. [19, 20] for comparative
analysis ol the content of several texts. In these works special terms are annotated
using the pyramid scheme. The presence of cach term in all documents of the
collection accumulates the importance of this term. The more documents have the
term. the more important is this term, and consequently will be included in the
summary.

One ol the most implemented sentence selection methods are supervised lcarning
mcthods which consider sentence selection as a classification task. These methods
train a classificr using a collection of documents supplied with exisling summarics.
As fcatures ol a sentence such methods can consider text units (in which case we can
spcak ol term sclection) or other, non-lexical characteristics. Dilferent lexical and
non-lexical [eatures have been used in [21-23). Most of these features are
“heuristically motivated™, since they tend to emulate the manual creation of extracts.

In a work of Kupice [21], the following lcatures were proposed: senlence position,
sentence length, the presence of key phrases and overlap with the title of the
document. More recent works [22, 23] extend these features incorporating
information about the occurrence ol proper names and the presence of anaphors. The
“heuristically motivated™ features allow extract very precise summarics. Howoever,
they have a very big disadvantage ol being highly linked to a specific domain. This
condition implies that the change for one domain to another, it may be nceessary to
redefine or even climinate some features. For instance, key phrases, which are
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particular for each domain, require being modified, while the overlap with the title,
which has no sense in all topics. may be climinated.

In order to increase the domain (and language) independence of machine Icarning
summarics. Villatoro [24] climinates all kind ol “heuristically motivated™ attributes
and substitute them by word-based features. In particular, he uscs word sequences (n-
grams) as terms. Although the [irst attempt to usc n-grams is exceeded the results of
other methods, it has some disadvantages. One is that they are always sequences of a
fixed size, which was previously defined by the user. The big part of the problem in
such techniques lies in defining the sizc of the sequence to be extracted, which usually
depends on the analysis of the text.

A very old and very simple sentence weighting heuristic in single-document
summarization does not involve any terms at all: it assigns highest weight to the [irst
sentences of the text. Texts of some genres—such as news reports or scientific
papers—arc specilically designed for this heuristic: e.g.. any scientilic paper contains
a rcady summary at the beginning. This gives a bascline in single-document
summarization [25] that proves to be very hard to beat on such texts. Similar to this
heuristic in multi-document summarization is cmployed the first sentence of cach
document to conform the summary, cach sentence is added until to reach the desired
length [26]. However, comparing term-based methods with such position-based
bascline is not fair in the sensc that this baselinc only works on text of specific genres
and uses information (the position of the sentence) not available to term-based
methods. It is worth noting that in Document Undersianding Conference (DUC)
compctitions [25] only five systems performed above this bascline, which does not
demerit the other systems because this bascline is genre-specific.

In a previous work [27], we analyzed scveral options for simple language-
independent statistical term selection and corresponding term weighting, based on
units larger than one word. In particular, we showed that so-callecd MFSs, as well as
single words that are part of bigrams repcated more than once in the text, are good
terms to describe a collection of documents. In this paper, we experiment with some
minimum-frequency thresholds of MFSs in order to improve the quality of the multi-

document summaries.

3 Proposed Method

The resecarch on multi-document summarization is less developed than single-
document summarization becausc summarizing a collection of thematically related
documents is morc difficult, than summarizing a single text. In order to avoid
repclitions, one has to identily and locate thematic overlaps. In other words, has to
locate the most important terms for representing a collection of documents. One also
has to decide what sentences are more important, and to arrange events from various
sources along a single timeline.

One of our hypotheses is that MFSs with higher threshold should gencrate
summaries with better quality than MFSs with lower threshold. It can be explained on
reason that there would exist in the language a multiword expression that can express
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the same conltent in the more compact way which can be detected more preciscly
using higher threshold (sce Experiment 1).

Another hypothesis is, in contrast to MFSs, FSs is important if there would exist in
the language a single word or at least an abbreviation to express it. Such singlc words
or abbreviations should be considered as bearing the more important meaning with
lower threshold because we need to extract more single words or abbreviations to
know if they can be used for composing a summary (sce Experiment 2)..

The third hypotheses we explore in this work, is that MFSs represent in a better
way the summarized content of collection of documents than FSs because their
(MFSs) probability to bear important meaning is higher. It can happen because there
are loo many non-maximal FSs in comparison to MFSs (see Experiment 3).

Our proposed method followed the sequence of steps as follows:

l.  Term sclection: the main idca is to utilize the MFSs and its derived FS as the
main terims.

1.1 Frequency threshold

2. Term weighting: cach MFS can be weight based in its frequency or in its length;

3. Sentence weighting: we test the option calculating the sum of the weights of the
terms contained in the sentence.

4. Sentence selection: we test the option when the sentences with greater weight are
selected until the desired size of the summary (100 words) is reached.

3.1 Term Selection

An n-gram is a sequence of 7 words. We say that an n-gram occurs in a text if these
words appcar in the text in the same order immediately one after another. We call an
n-gram frequent, if it occurs more than # times in the text, where B is a predelined
threshold. Frequent n-grams—we will also call them [requent sequences (FSs)—often
bear important semantic meaning: they can be multiword expressions (named entities:
The United States of America, idioms: kick the basker) or otherwise refer to some idea
important for the text (the President s speech, to protest against the war).

An n-gram can be a part ol"another, longer n-gram. All n-grams contained in an FS
are also FSs, for cxample, the it MFS is The United States of America then The
United States or States of America is a FS 100. In this case, The United States tends to
be synonymous to the longer expression, and the author of one document would
choose one or another way to refer to the same entity. FSs that are not parts of any
other FS are called Maximal Frequent Sequences (MFSs) [28, 29]. For example, in
the following collcction of documents

Dl: ... Mona Lisa is the most beautiful picture of Leonardo da Vinci ...
D2: ... Eiflel tower js_the most beautiful tower ...
D3: ... 8t. Petersburg is the most beautifitl city of Russia ...

D4: ... The most beautiful church is not located in Europe ...

the only MFS with £ =3 is is the most beautiful, while the only MFS =4 is the most
beawtifir] (it is not an MFS with #=3 since it is not maximal with this £). As this
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examplc shows, the sets of MFSs with different thresholds do not have to, say,

contain onc another.
The notions of FSs and MFSs are closely related to that of repeating bigrams. This
set is conceptually simpler, but for computational implementation MFSs could be

more compact.
For term selection, we compared MFSs with more traditional word-based features

such as single words and n-grams. Namely, we considered the following variants of

term selection:
—  M: the sct of all MFSs with some threshold £. In the example from Section 3,

M={is the most beautiful}. Also, we denote by M, the sct of all MFSs with =2,

— W single words (unigrams) from clements of M. In our example, W={is, the,

most, beautifil}.
Optionally, stop-words were eliminated at the pre-processing slage; in this casc our
bigrams (or MFSs) could span more words in the original text.

3.2 Term Weighting, Sentence Weighting and Sentence Selection

For term weighting, the frequency of the term was used; for senience weighting,
the sum of the weights of the terms contained in the sentence was used; for sentence
selection, the sentences with greater weight were selected until the desired size of the
summary (100 words) is recached.

Optionally, stop-words were eliminated at the pre-processing stage. For term
weighting, diffcrent formulac were considered containing the following values:

—  /: frequency of the term in MFSs, i.e., the number of times the term occurs in the
text within some MFS. In our example, /{is) = 3 since it occurs 3 times in the text
within the MFS is the most beautiful. Under certain realistic conditions (MFSs do
not intersect in the text, words do not repcat within one MFS) f'is the number of
times the term occurs in the text as part of a repeating bigram. In our example,
Jlis) = 3 since it occurs 3 times in a repealing bigram is the (and onc time in a
non-repeating context church is not).

— I: the maximum length of an MFS containing the term. In our example, I(is) =4
since it is contained in a 4-word MFS is the most beautiful.

— |:the same weight for all terms.

For sentence weighting, the sum of the weights of the terms contained in the
sentence was used. For sentence selection, the following options were considered:
—  best: sentences with greater weight were selected until the desired size of the
summary (100 words) is reached. This is the most standard mcthod.

4 Experimental Setting

We realized several experiments in order to verify our hypotheses formulated in the
previous section. The specific settings for each step varied between the experiments
and are explained below for each experiment.
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Test data set. We used the DUC collection provided [25]. In particular, we used the
data sct of 60 document collections which consist of 567 news articles of different
length and with different topics. Each collection of documents in the DUC collection
is supplied with a set of human-generated summarics provided by two different
experts. While cach expert was asked to generate summaries of different length, we
used only the 100-word variants.

Evaluation procedure. We used the ROUGE cvaluation toolkit [30] which was
found to highly corrclate with human judgments [31]. It compares the summaries
gencerated by the program with the human-generated (gold standard) summaries. For
comparison, it uscs n-gram statistics. Our evaluation was done using n-gram (1, 1)
setting of ROUGE, which was found to have the highest correlation with human
Jjudgments, namely, at a confidence level 0f 95%.

As a kind of statistical significance check, we randomly divided our test data into
two halves and ran this (and most of the other) experiments separately on each subset.
Thesc experiments confirmed the qualitative observations reported in this paper.

Previous results. We tried term sclection options, such as M and W, with the term
weighting option 1. /, the options related to /; and their combination (Table 1). For
sentence sclection, we tried the best combination. Term selection W gave a slightly
better result than M. The best results are highlighted in boldface. (See more details in
[27]). We borrow this table from [27] to compare with Tables 2-4).

Table 1. Results for different term selection and term weighting options for multi-document
summarization.

SII‘::::lio Term .Wcighl- Scnlc:_lcc el

0 ing Sclection Recall Precision | F-measure

F 0.31372 | 0.31986 0.31660

_/2 0.31162 0.31870 0.31499

/ 0.30620 | 0.31347 0.30965

M L best 031411 | 0.32199 0.31786

I 0.29184 | 0.30275 | 0.29706

[xl 0.31329 | 0.32103 0.31696

[/ xx] 0.28328 | 0.29592 0.28933

F 0.31919 | 0.32494 0.32192

W 1 best 0.26413 | 0.27828 0.27072

r 0.30056 | 0.30764 0.30391

Experiment 1. For this experiment, we use the configuration of the algorithm of
previous results (see Table 1) of this section. Then we tested the algorithm with £ =2
(sec Table 2).
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Table 2. Results for different term selection and term weighting options with £ = 2,

S:Icc':::]io Term .Wciglu- Scmcvcc Rc.m.:lls
i ing Sclection Rccall Precision | F-measurc
X F 029038 | 0.29749 | 0.29373
F s 0.29038 | 0.29749 0.29373
/ 0.29038 | 0.29749 0.29373
M L best 0.29881 | 0.30714 0.30279
' 0.28837 | 0.29912 0.29351
Sl 0.29881 | 0.30714 0.30279
fxx] 0.28455 | 0.29606 0.29006
F 0.32238 | 0.32902 0.32557
w / best 0.26413 | 0.27828 0.27072
Fa 0.29559 | 0.30361 0.29796

Experiment 2. For this cxperiment, we use

(sce Table 3).

the configuration of the algorithm of
previous results (sce Table 1) of this section. Then we tested the algorithin with =3

Table 3. Results for different term sclection and term weighting options with = 3.

S:;‘::l:?io Term .Wcight- Senlence RC_SI_'“S

” ing Sclection Recall Precision | F-mcasure

F 0.30601 | 0.31302 0.30933

f 0.30601 | 031302 | 0.30933

/ 0.30601 | 0.31302 0.30933

M L best 0.31574 | 0.32286 0.31911

I 0.29904 | 0.30852 0.30356

[x1 0.31574 | 0.32286 0.31911

[xx] 0.28309 | 0.29270 0.28768

F 0.32279 | 0.32826 0.32538

14 1 best 0.26413 | 0.27828 0.27072

Vs 0.30934 | 0.31602 0.31253

Experiment 3. For this experiment, we use the configuration of the algorithm of
previous results (sce Table 1) of this section. Then we tested the algorithm with =4
(see Tablc 4).Comparison of the results for the proposed method is shown in Tables
5and 6. The results of the state-of-the-art methods [25] for multi summarization are
shown in Tablc 7.
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Table 4. Results for dilferent tenn selection and term weighting options with £ — 4.

— . —

Tcrm_ Terin Weight- | Sentence ol
Sclcctio . . . ..
n ing Selection Recall Precision | F-measure
I 030964 | 031648 | 031288
7 N 0.30964 | 031648 | 0.31288
/ | 0.309064 | 031648 | 0.31288
M L best 0.32326 | 0.32980 | 0.32636
- 0.30825 | 0.31812 0.31296
=1 0.32326 | 0.32980 | 0.32636
Ixx] 0.29651 [ 0.30533 | 0.30079
F | 0.31855 | 0.33329 | 032076
W / best | 0.26413 | 027828 | 027072
Wi 0.30934 | 031602 | 0.31253

S5 Conclusions

We observed that MFSs with higher threshold generate summarios with better
quality than MFSs with lower threshold. It cas be explained on reason that there exist
in the language multiword expressions that can express the same content in the more
compact way which can be detected more precisely using higher (sce Table 5).

Then, we observed that, in contrast to MFSs, FSs is important if are extracted with
lower threshold. It can be explained because there exist in the language a lot of single
word orat least an abbreviation (o express an impoitant meaning.

Such single words or abbreviations should be considered as bearing the more
important meaning with lower threshold because we need 1o extract more single
words or abbreviations for knowing il they can be used for composing a summary
(sce Experiment 2).

The third hypotheses we explore in this work, is that MI'Ss represent in a belter
way the summarized content of collection of documents than FSs because their
(MFSs) probability to bear important meaning is higher. It can happen because there
are too many non-maximal I'Ss in comparison to MFSs (sec Experiment 3).

Table 5. Comparison of results using different thresholds (terms are MES).

Mecthod Recall Precision F-measurc
M where f=2,3,4 0.31411 0.32199 0.31786
M where =2 0.29881 0.30714 0.30279
M where =3 0.31574 0.32286 0.31911

M where =4 0.32326 0.32980 0.32636
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Table 6. Comparison of results using different thresholds (terms derived from MFS).

Method Recall Prccision F-measure
W wheref=2,3,4 0.31919 0.32494 0.32192
W where f =2 0.32238 0.32902 0.32557
W where f=3 0.32279 0.32826 0.32538
W where =4 0.31855 0.32329 0.32076

We compared the following results (sce Table 7):

State of the art: The best top § systems from 17 systems in DUC 2002 for multi-
document summarization task are listed in Table 7 [25].

Baseline: DUC collection has a configuration denotes as Baseline, which sclects
the first sentence in the first, second. third, and so on document in chronological
sequence until you have the target summary size [25]. This baseline gives good
results on the kind of texts (news reports) that we experimented with. Thus we
can compare with this configuration of baseline. Also we believe this
configuration to be a more realistic bascline lor the types of texts.

Recent work: As shown in Table 1 (see [27]), using the configuration the W
term selection scheme and the f term weighting scheme. We call it as the 4th best
method.

Our proposal: We compare thesec methods with the best results obtained in this
paper: M term selection scheme with #=4 and the / term weighting scheme, as
shown in Table 5. W term selection scheme with #=2 and the / term weighting

scheme, as shown in Table 6.

We tested new method for the automatic generation of text summaries for a multi-

document summarization based on the discovery of MFSs, specilically we tested
different combinations of term selection, term weighting, sentence weighting and
sentence sclection schemes with different thresholds. Comparing to other methods,
we did not receive the best results but considering that the proposed mecthod is
language- and domain-independent, we think that the results are very encouraging.
Also we improve the obtained results using MFSs (see 4th best method and proposcd
in Table 7).

Table 7. Comparison of results with other methods.

Method F-measure
I st best method 0.3578
2nd best method 0.3447
Best proposed 0.3264
3rd best method 0.3264
4th best method 0.3219
5th best method 0.3056
6th best method 0.3047

Baseline 0.2932
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Abstract. Soflware subcontracting using external supplicrs could be the best
option in reducing the investment and implementation costs of new solutions,
and would allow an organization to use their resources more cfMiciently. Two
centurics ago John Ruskin said: “the quality never is an accident: always is the
result of an intclligence cffort™ Subcontracting is an intelligent decision, and
particularly now when small-size enterprises are facing the major cconomic
power of large corporations. The subcontracting process offers a ‘nearby col-
league' to increase the benefits and quality of service of the enterprises, at the
same time reducing the investment. This paper illustrates the design of an alter-
native model o improve the software-subcontracting management process. The
model is orientated towards to small-size enterpriscs, as the high implementa-
tion costs of the methods reviewed in this study are well known. As additional
work, this paper depicts the current situation of software-subcontracting
processes, reviewing the principal models applied in industry, and establishes a
base comparative of the developed model. The results obtained by the model's
implementation are presented to expose its applicability.

Keywords: Sofware-subcontracting process, service model, efective practices,
small-size enterprises.

1 Introduction

The software-subcontracting process is defined as the process of acquiring, cither par-
tially or totally, Information Technology (IT) from an external services supplier [17].
It means delegating, via a contract, all or part of the software work to an external
company that joins in the client organizational strategy and seeks to design a solution
to existing problems within this. In recent years, software subcontracting has been of
increasing interest to rescarchers and a considerable number of organizations. In spite
of its origins in the 60's and 70°s [24, the subcontracting process was only applied to
financial arcas and support operations; nowadays the organizalions arc focuscd on
saving cosls; paying more atlention to their essential business processes; accomplish-
ing cconomic, strategic and/or technological advances; or, basically, determining if
their IT functions are unnccessary, incfective or incompetent. It is important to say
that not until the Eastman Kodak study [25] was presented in 1989, was the subcon-
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tracting process considered as an cfficicnt strategy lor organizations to select, and
emerged as onc of the ten fundamental issues for their survival. Hlowever, instead of
the successful expericnces that had been published [5] [25] [14] [4] [28], the projects
subcontracting failures still remain within organizations because the organizations
that subcontract loose control of the acquired sollware products/services, as well as
the usual problems of delayed delivery, costs exceeded, the poor quality of subcon-

tracted products, and more [13].
The remainder of the paper is organized as follows. Scction 2 presents the back-

ground to soltware-subcontracting process that established the motivations for pro-
posing our alternative model. The pri ncipal modcls and standards uscd to manage the
softwarc-subcontracting process are analyzed in Section 3. Section 4 presents an em-
pirical comparative between models to emphasize the significant disadvantages for
applying them in small enterprises. Scction 5 presents a detailed description of the
proposed model. To demonstrate the feasibility of our modcl, the experimental results
are explained in Scction 6. Finally, conclusions and futurc work are drawn in Scction

7.

2 Motivations

Some small companies have had good expericnces subcontracting for example the
payroll and accounting management departments, leaving these services in profces-
sional hands and oblaining important cost reductions. Bul. if these companies have
good results subcontracting those processes. why do they not also delegate software
services and processes 1o an external supplicr? Nowadays, the principal disadvantages
to subcontracting software services arc fundamentally the lack ol guidance for its im-
plementation, the nced to commit to dedicating important long term resources, and the
Return of Investment (RO1) which is just too much to expect for many companics
[12] [20]. The fast rate of technological innovation in IT impedes many companies
from being up-to-date, but they do not want to ‘miss the technological train® and the
definition of alternative methods is nceessary to avoid the system’s obsolescence [8].
Nevertheless, the softwarc-subcontracting process is complex because it is managed
externally in order to acquire products. systems and services, rather than internally,
where they could manage their own processes. As a result, the identification of effec-
tive practices in the delegation of responsibilities of the soltware services and
processes arc focused internally, to ensure that the subcontracting process will be ef-
fective, and externally, in order that the company can manage the subcontracting
process and take control ol their supplicrs. Thesc cffective practices provide the fun-
damental componcent of a subcontracting discipline and the rigor that enables the rapid
development of products/services with a high level of success [3].

This approach requires a renewed dedication to ensure that a defined, imple-
mented, measured and maintained soflwarc-subcontracting process exists. The im-
plementation of an cffective soltwarc-subconltracting process not only makes the
technological difference in an organization with regard to its competitors, it also faci-
litates the concentration of their own resources in the ‘corc business’, focusing on the
activity for which the organization was created, generating higher benefits without
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losing the capacity of maintaining scrvice quality for clients and identilying new
busincss opportunities [9].

3 Related Work

This Scction aims 1o show a briel review of the most signilicant commercial modcls
and standards used to manage the software-subcontracting process in big sollware or-
ganizations. Unfortunately, most models could not be implemented in small enterpris-
es because they were created for big organizations. Besides, small-size cnterprises
usually conluse two terms: “acquiring™ and “subcontracting™ and try to adopt a model
without a clear understanding of both terms. Currently, there are two approaches to
guide small enterprises in adopting an efficient software-subcontracting process: 1o
manage and monitor the subcontracting process cffectively according to a defined
standard; to establish deliverable products and staft roles and responsibilities, ete.;
and o adupt commercial models within an improvement initiative. Almost all small
enterprises [ail when implementing these models, but they still use them; so, it is con-
venient to analyze cach one and try to identily a set of effective practices,

One of the process arcas included in CMMI-DEV 1.2 is the Supplice Agreement
Management (SAM) process arca [6]. The purpose ol Supplier Agreciment Maunage-
ment is to manage the acquisition of products from supplicrs through a formal
process. According (o its description, the model provides seven pructices to perform
the SAM process. This ‘managed” process begins with the identification of the acqui-
sition type to perform and closes with the transition of the subcontracted products to
the project. The rescarch by [26] presents a business work{low process mode! for
SAM process arca of CMNM: Capability Level 2. It consists of three layers: contex-
tual layer, claboration layer, and delinition layer. A software tool called Supplier
Agreement Management Tool was also developed to help integrate the details of this
approach. However, the fundamental disadvantage of CMMI models is the high cost
ol implementation, unaffordable for small enterprises. Small enterprises must obtain a
“eertificaiion™ of CMMI™ Capability Levels for cach process that they do not consider
a strategic decision: so, it is very difficult to address the soltware subcontracling prob-
lems with this excessively formal model.

The ISO/IEC 15504:2004 standard goes beyond quality audits to help an organiza-
tion assess how well its processes perform. One standard’s objective is to guide or-
ganizations in soltware-subcontracting process through the determination of the po-
tential supplicr’s capacity [15]. This evaluation enables risk identification, related to
cach supplicr, when an organization subcontracts soflware products of services. The
purpose of ISO/IEC 15504:2004 subcontracting and suppl Yy processes is to obtain the
product andor service that satisfies the need ¢xpressed by the customer (the standard
assumces this is a software oriented product o service - this is apparent in the supply
process). According to the standard, the software-subcontracting process begins with
the identification ol a customer requirement and ends with the aceeptance of the
product and‘or service. However, ISO/IEC 1550-4:2004 is more known as a Soltware
Process Improvement modcl, but there is no strong evidence that it had been uselul in
implementing - software-subcontracting processes in small enterprises.  Besides,
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process dimension should be wider and covers all possible lifecycles applicable in
small enterpriscs; it is impossible that all process attributes be universal and can be
uscd by all processes and base practices without an cxpensive cost.

In SA-CMM an individual subconicucting process begins with the definition off a
customer need and ends with the contract closure. SA-CMM is designed to be sufti-
ciently generic for use by any government or industry organization. regardless ol'size,
for subcontracting products. According to the SEI [21], effective subcontracting
processes are critical to the success of process improvement, but the output quality is
only determined within the context of organizational business-needs. There is relevant
rescarch using SA-CMM in industrial environments. Wong [29]. for example, sum-
marized software-subcontracting management lessons Icarned (rom a complex multi-
disciplinary and contract environment. fe also identified a number of measures for
improvement in a project. Later. these measures were analyzed against SA-CMM
Process Arcas for their applicability and comprehensiveness. However, the “problem™
for demonstrating the small enterprises” applicability endures.

COBIT provides good practices for the management of IT processes in a managea-
ble and logical structure, mecting the multiple nceds of enterprisc management by
bridging the gaps between business risks, technical issues, control needs and perfor-
mance measurement requirements. Information systems subcontracting, development
and maintenance should be considered in the context of the organization™s IT long and
short-term plans. The organization’s system devclopment life cycle methodology
should provide for a soflware-subzontracting strategy plan, by delining whether the
sofware will be acquired off-the-shell, developed internally. through contract or by
enhancing existing soltware - or a combination of all of the above (7). But more than
a guideline of implementatior, COBIT is designed to help in understanding and man-
aging the risks and benefits associaled to information and IT related. 1t is not « model
that focuses exclusively in the soltware-subcontracting process and it has a noticeable
tendency towards the supervision of the I'T generic processes.

ITIL's Availability Management provides reliable access to IT services. Availabili-
ty means that the client will always receive the expected services as necessary. The
main benelits arc: supplier performance improvement and detai!sd information avail-
ability for negotiations at service level [19]. In"spite of the use ol ITIL in small enter-
prises, there are only three processes that are not completed covered by the model:
Supplier Management (related to software-subcontracting process), Business Relation
Management, and Service Report. The small enterprise should be very carcfully il
trics to implement some proeess from ITIL, because it requires a lot of time and mon-
¢y without warranty ol success.

The IEEE Recommended Practice for Software Acquisition 1062 recommends a
sct ol uselul quality practices that can be selected and applicd during one or more
steps in a soflware acquisition process oi seftware-subcontracting process. According
to standard’s documentation, IEEE 1062 is designed to help organizations and indi-
viduals to incorporate quality considerations during the delinition, evaliation, selec-
tion, and acceptance of supplier soltware for operational use; and to determine how
supplicr software shuuld be evalaated, tested, and accepted lor delivery to end users
[22]. However, the most commou problem with the IEEE 1062 standard is the lack of
mechanism in planning the subcontracting-project and to clicit and monitor the sub-
contracting requirements. Using the standard is too difficult for small enterpriscs be-
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cause it requires a lot of documentation and assumes that the organization knows the
standard very well.

As we sce, there is wide research in developing models and standards to establish
efficient software-subcontracting process. However, almost all models and standards

are not affordablc for small-size enterprises but provide a set of effective practices
that could be customized in a simple model.

4 An Empirical Comparative of Subcontracting Models

Some research and critique has alrcady been done into the reviewed models and stan-
dards; important criteria to be considered when developing an alternative approach.
Rescarch by [16], for example, discussed the implementation of CMMI in small en-
terprises and showed the following disadvantages: there is not a customized guideline;
continuous representation enables the sclection of only those process arcas where the
organization feels comfortable: an exponential increase in arcas and practices, time,
resources and cost; an excessive standardization for small organizations that work and
evolve in different ways to large oncs.

Rescarch by [27] provides some important information about the standard 1SO/IEC
15504:2004. Reaching the capacity dimension is a big difficulty in small enterprises;
there is overlap with the process dimension. Assessment complexity (and its cost) is
significantly higher than other models. In the context of the softwarc-subcontracting
process, the ISO standard does not provide a formal guide to monitoring a product
when it has been accepted.

SA-CMM has a high level of complexity; the period of adoption in small enterpris-
es is longer than in larger enterprises. In this case, the statement of “simplifving activ-
ities does not affect the professional level " docs not apply [2][29].

More than an implementation guideline, COBIT is designed to help organizations
to understand and manage the risks and benefits associated with information and re-
lated IT. COBIT is not a model that exclusively focuses on the software-
subcontracting process and shows a clcar tendency to supervise the IT processcs.

With respect to ITIL, there are three processes that are not explicitly covered: Sub-
contracting Management, Business Relation Management, and Service Level Report.
These processes are ignored and simultancously fitted within the ITIL frame, for cx-
ample the Subcontracting Management is included in the Service Level Management.
On the other hand, the experts notice that ITIL has a list of minimum requirements
against which an organization can be evaluated but it does not indicate how to reach a
level of “conformity”.

Despite their cfliciency, the reviewed models make the same errors:

® The models specify what activities perform, however they do not provide
guidclines about how to do it, in both engincering and project management.
The models do not provide procedures for internal project management
which should include own templates to facilitate the process, and fundamen-
tally.

® There is no a customized guideline for small enterpriscs.
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To summarize. in Table |1 we provide a homogenized analysis of the models: iden-
tifying important characteristics that we consider relevant in proposing an alternative
model. i

Some authors, for example [23], consider that standards reduce the developer’s au-
tonomy in large enterprises; developers are overloaded with extra work, assume coer-
cive restrictions that suffocate the creativity required in innovating software develop-
ment. and focus purely on the process, ignoring the people involved.

However, there is one that defends interdependence (as opposcd to independent
work) and takes a collaborative form [1], mature levels of process make a develop-
ment process more ‘socialized” where the collaborative effort increases efficiency and
effectiveness (in our case when companics try to subcontract soltware as business
strategy). We try to explore the benefits of the last approach, adapting it in small en-

terprises.

Table 1. Comparative analysis over reviewed models and standards

Models and Standards
Criteria CMMI- ISO/IEC SA- IEEE
DEV 15504 cmm (TIL COBIT 1062
Use of proce-
dures for u?tcr- X v v X % 7
nal supplier
management
Use of templates
for service man- X X X X X v
agement
Establish a Ser-
vice Level X X X v X X
Agreement
Incorporate an
on going process v v v v X X
improvement
Use of metrics
v v v
for management X v X
A contract re-
quircment from v v v v v v
start to finish
Relevance of the
custom-
v
er/supplicr rela- v d Y X v
tionship
Customized for X x
small enterprises X X X X
High cost of im- P v v / 7 2

plementation
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S Definition of a Customized Model for Small Enterprises

Nonc of the previous models were created to address the particular small cnterprises
necessitics. We propose an alternative model for managing the software applica-
tions/services that any company subcontracts, the Software-Subcontracting Manage-
ment Model (SSMM). This model attempts to cover the strengths and weaknesses de-
termined in Table 1.

This model enables the organization to improve its software-subcontracting man-
agement process. We start with the idea that to perform service management, it is ne-
cessary to define the activitics/tasks to exccute; when these should be performed; and
what entries and outputs should be obtained. Our model is a guideline for suppliers
and helps them in the project transference and operative service procedures execution.
SSMM stages insist on those aspects that have major difficultics. The service man-
agement that our model offers is bascd on the cfficient coordination of the three “Ps™
people, processes and products through the three stages depicted in Table 2.

Table 2. Phascs and generic objectives of SSMM

Stage name Objectives per Stage
" This should be planned with the client. A Project Plan must be estab-
Initial stage .
lished.
o Supplier takes total responsibility for service according to Service Level
Stabilization . . . o
stage Agreements (SLA). The duration is set in the contract and is “specific

for cuch client.

The closure of the service is prepared and the transition to the client is
Closure stage  performed. A formation plan should be developed to prepare those per-
sonnel which assume the service maintenance and continuity.

SSMM helps to define the Software Subcontracting Management process tasks,
identifying the correct moment for its application and recognizing the inputs and out-
puts required by the process. This model begins when the supplicr is in charge of the
service and finishes when the contract finalizes. SSMM is a guide (or the operative
transference of the project and it focuses on those aspects detected as deficient and in-
complete, reducing the stages of the life cycle [5], [17], [18]. [10] from four to three.
Previous rescarch determined that many subcontracting practices had not been used
by the assessed small enterpriscs. Now, we are trying to define and implement elTec-
tive practices according (o the real characteristics and necessitics of these very impor-
tant organizations.

Each stage of SSMM defines a set of effective practices that it is necessary to ac-
complish to continue to the next stage. The model also provides a set of activities ex-
amples to help the companies to implement the methodology. and includes an ex-

pected list of work products for each stage (sce Figure 1). The model stages are de-
fined as follows:
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e [Initial Stage. In this stage the SLA is established, and the timescale for this
is not less than one month and no more than three months. Of course this de-
pends on the scope and the complexity of the service to be subcontracted.
The activities of the stage arc planned with the client, producing a Project
Plan and the SLA. The sequence of activities is neither “rigid” nor “sequen-
tial”, as it is possible to perform these in parallel.

e Stabilization Stage. The cxternal supplier takes control of the services pre-
viously defined in the SLA. The stage duration is established in the contract
(in years) and is specific to each client.

e Closing Stage. The objcctive of the stage is to prepare the conclusion of the
service and perform the transference of the service to the client or a third
party supplier. This stage covers the following aims:

o To perform the activities of evolutionary and corrective mainten-
ance and/or new developments, in such a way that the SLA is not
affected.

o To plan the service transfcrence defining the assumptions and con-
ditions, and economic impact of the same.

o To analyze the services to return {rom the point of view of the com-
plexity of resources, significance and availability.

o To develop a training plan oricnted to the personnel that will as-
sume the continuity of maintenance.

o To transfer existing knowledge in documents, records, and more.

o To transfer sources, libraries, supports and services.
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- Managament Tacls

\ EHective Praclices:
Elfective Praclices: ,/J \ ; g 2
. Dovgh" a Servive RModal . ”~ \\ ¢ Estabnisn and Mawntain

Develop the Trainmg Flan Y i \) \/_— the IT Flan
- Parta:m the Tools Invan- 7 / - Esiabish and Mantain the

- Eslablsh Managenient
- Clust Ire Transibon

Ly —\" 7 Stabiliiatio '\, Service Plan
- ; /. Slabilization - Idenuly the Procedurss
, g?:f:ﬁfnau?g‘f:gﬂgm Initial -ﬁ ™~ \\, - ATDIV Meincs ane estatlish
- ' nitlal g :
Piocadures _ \\ { ‘;2:’]’;‘3‘“9 acrons as nece-
’ 5:_,[3223: «;n&hia-mam J - Estatdisn Management Tools
7 \ - Idonlity Imgrovement Offers

N\
\

/' - Apply the Service Modal

A}
\ STy PN o L
. of, J/ Senvice Subjre! o Roview
Prelmanaty Candtcned Service 4. Close
4 & B!
. Work Producis:! :
O Ny VR e Egectn've Prar:ﬂces:
‘_ ; 3 - Estanlish 2 Hetum Plan
Develepad Metnodalogy Work Products: - Porform the Transiion 1o
- Furm Marzgement Commilleas Ciient

- Transfarence Procedures

Fig. 1. SSMM stages
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5.1 The SSMM structure.

We believe that adequate management of the subcontracting process nceds a set of
clements that it is necessary to implement during the Transition stage, incorporated in
SSMM. These elements can be provided by both the client and the supplier. However
it is recommended that it comes from the providing company in order to obtain ho-
mogencous services. Figure 2 shows the general SSMM structure.

rements

v

Application Management Services
&

e ba S
A

v . v v
Correciive . Evelulionary
Mainterance | Manlarance New Appleationn
Incicjgot - Amplificathn Devejopment
. Resoluion | Improvements
.. Operation Support

Service Management

Service ‘Malhooology Operational = Control &

Orgagizagiqn &Tools = Pracedures  Tracking Repons

Fig. 2. SSMM structure.

We provide a brief description of SSMM eclements:

Primary Attention. This is the communication channel for managing inci-
dents and requests between final users and the Services Unit. Commonly
known as the Help Desk.

Services Unit. This is the set of technical personnel in charge of service deli-
very. Among the developed activities are:

o

O

Corrective Maintenance. Activities for incidents and failures resolu-
tion produced in the software under operation.

Evolutionary Maintenance. Activities for the accomplishment of
modifications and improvements in the software under operation.
New developments. Activities for management and implementation
of new software projects.

Operational Support. Activities for the resolution of specific or in-
formation management requests not structured as available functio-
nality for the final usecr.

Relations. These relations determine the responsibility matrix in the different

activities carried out during the service: Users Training, Client Technical
Personnel and HW and SW Suppliers.
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®  Quality. The quality cnables performing the objective or subjective evalua-
tion of the performed services.

e Service Organization. This describes the terms and conditions of the agree-
ment between client and supplier, by which the latter company will provide
IT services during the Ongoing Stage. The services scope and company re-
sponsibilities would be specified.

e Methodology. This systematically defines the way “to do things™ in the
software life cycle.

o Support Tools. The sct of client tools and supplier management
tools, or a third party that can complement them.

e Operational Procedures. These define the operative tlows between different
client areas and the service unit.

e Control and Tracking Reports. These are the sets of generated reports that
realize the service control and tracking.

6 Testing the Model

To evaluate the applicability of our model, we have implemented an improvement in-
itiative within one Mexican small cnterprise. TICDES® Soltware is a privately owned
small software development enterprise with about twenty softwarc engincers, five
administrative stalf, and two project lcaders. This organization specializes in software
development and software consultancy. The size of the projects that TICDES® has
developed in the past are up to 35,150 LOC with a duration ranging from a couple of
weeks to 4,000 hours. The number of people participating in the teams has ranged
from three to seven. From the beginning, the company was created with the goal and
commitment to develop quality software. Before this research, the company had not
decided to launch an improvement initiative because of the lack of information on it.
The current software demand exceeds the enterprise capabilitics and a software sub-
contracting process is an alternative solution to avoid the reduction of client portfolio.
This year, TICDES® decided to start an alternative software process initiative to at-
tempt to establish an effective subcontracting process according to its characteristics.

6.1 Obtaining historical data.

Testing SSMM required sclecting data from historical projects of TICDES®. It was
possible to obtain data from onc software project that failed in the external develop-
ment delegation. The project PVOK_EXTI was sclected because it conserved all es-
timations and development data just before it was canceled. TICDES® does not have
a formal process established to acquire external products or services, so our validation
was focused on historical data. According to this, the supplier organization used a
group of practitioners with university career formation to develop the required soft-
ware products. A project manager and a four-member team were assigned to develop
the project PVOK_EXTI. We discarded the “distance™ factor as a cause of failure be-
cause both enterprises are located in the same city. Given the social and cultural factor
of the development environment, we decided to use four students from last year as the
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development team. These students have the same capabilitics and knowlcdgs: as the
original development team. We played the role of projcct manager (supplier) a|_1d
TICDES® used the same project manager as in the original project (clicnt). We satis-
fied the infrastructure requirement and assigned onc PC per student; a server was used
to set the SMMM assets and templates; and TICDES® used Internet connection to

control the subcontracted project. Table 3 shows that TICDES®" historical data re-
Mected the same problems determined in

the previous work: inability to manage the
subcontracted project,

Table 3. Historical data from project PVOK_EXTI

e Estimated value Real value (at project can-
Objective TICDES® cellation)
Project planning (days) 180 300
St distribution A 1 .
Rolc assignation <1% of total time > 5% of total time
Milestones reached (at first stage <10%
of project) s
Predicted risks 5 15
Minutes of performed meetings 7 (one by life cycle phasc) 2 )
Redacted agreements 7 (one by life cycle phase) | (development contract
AN TICDES® documenta-
Modificd documents (configura- None tion was modified (project
tion muanagement) one plan, roles, cost estimations.
ctc.)
Time for formation (days) 10 25
Time for tool identification 20 15
(tools inventory for project)
. sshed
SLA penalization None There & no SLA establishe
% of injected defects < 5% z 15"‘_‘ -
Incidences in product quality < 2% in relation to defects Never us
Metrics for SLA 5 (all related to usability) Hone
Effort deviation < 15% of wtal time >32% —

6.2 Establishing the evaluation objectives.

TICDES®" historical data cnabled us to identify four specific issues: .Lack ol'p“ﬂi::
ning ol subcontracted project; delicient monitoring of subcontracted project; nonf;— the
tence ol SLA by cach subcontracted project; poor quality in final product, 1
project can be closed.

; : od 3 with the
All these issues were coherent with the obtained results l.‘CStIIT\Ld. in [1l” ot by
application of a two-phasc questionnaire. We launched a pilot project supp

. i T sults arc
SSMM called AP_PVOK (identical to PVOK_EXT1) and the preliminary resu
showed in the follawing section.
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6.3 Results

The pilot project AP_PVOK was implemented following our SSMM model to manage
the software-subcontracting process. The student supplier development team followed
the instructions of the TICDES® project manager and reported the project status us-

ing the SSMM assects.

Objective 1: Establish agile project planning in subcontracted projects.

SSMM introduced the Service Model to establish the project plan and IT plan. Table
4 depicts that the responsibilities matrix included in the Service Model considerably
reduced the time spent in assigning roles and tasks for the project, and TICDES® was
able to estimate the project risks with more accuracy.

Table 4. Reaching the objective | for pilot project

Objective e o pg)j::;{oc‘::l;:lecgl:l N re
Project planning (days) 180 300 160
Staff distribution 4 7 4
Role assignation <1% of total time > 5% of total time <0.2t5i:|: total
Predicted risks 5 15 7

Objective 2: Improve the monitoring process in subcontracted projects.

The contract asset of SSMM identified the inconsistencies between TICDES® and its
original supplier, which may have resulted in the project failure after 10 months. The
Service Model established monitoring meetings and used the SSMM templates to un-
derstand the agreements; the work was assigned between a Monitoring Committee
and Maintenance Committee; and the criteria to cstablish monitoring milestones were
established. The indicator of *“Minutes of performed meetings™ in Table 5 was incre-
mented because SSMM established and maintained an Acceptation Criteria Plan, Fi-
nal Acceptation Plan and Project Delivery Plan that TICDES® had never considered

as formal documents.

Table 5. Reaching the objective 2 for pilot project

Real value (at

Estimated value Obtained value

Objective TICDES® pro,jec? cancella- SSMM
tion)
Milestones reached (at
first stage of project) > 30% <10% 32%
Minutes of performed 7 (one by life cycle
. 2 10
meetings phase)
] ! . 7 (one by life cycle | (development
Redacted agreements phase) contract) 9
Modified documents
(configuration man- None All documents 0

agement)
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Objective 3: Establish SLA to manage the subcontracting process.

The Metrics and SLA asset of SSMM established 24 metrics to manage the service
level of products subcontracted by TICDES®. This activity increascd the rate of con-
fidence in the supplicr work because it was constantly monitored, and TICDES® ob-
tained what it really wanted. Using SSMM, a penalization percentage of 3% over total
number of incidences was reflected in Table 6. We decide to show this penalization

because the development team did not attend two of the monitoring meetings pro-
grammed by TICDES®.

Table 6. Reaching the objective 3 for pilot project

Real value (at
. Estimated value : Obtained value
Objective TICDES® prOJEC‘! cancella- SSMM
tion)
oz There is no SLA cs- 0
SLA penalization None tablished 3%
Metrics for SLA 3 (allmlated to None 2%
usability)

Objective 4: Establish and maintain the desired quality of product.

TICDES® used to apply two metrics to control the external products’ quality: per-
centage of injected defects and the number of incidences in the final product. The per-
son responsible for ensuring that these values do not exceed the established limit is
the Software Qualily Assurance Group. Unfortunately, as we explained before, it is
too difficult for SMES to employ skilled personnel to perform this task. SSMM im-
plemented 24 metrics and SLA from the Metrics and SLA asset through templates and
activities to obtain better results.

The AP_PVOK project was closed after 4 months and, to this day, is working with-
out quality problems. The project delivery was performed at the end of 2008 and ob-

tained data was collected in February 2009. We are collecting more data to evaluate
the effectiveness of the Service Model of SSMM.

Table 7. Reaching the objective 4 for pilot project

Estimated value Real value at

Ohjective

project cancella-

Obhtained value

TICDES® SSMM
tion)
% of injected defects <5% > 15% <1%
. . . i 16 :
Incidences in product < 2% in relation to Fisvatimed 1%

quality

defects

7 Conclusions

The externalization of software services is more frequently becoming an option
among small enterprises as a solution for maintenance and new development of soft-
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ware projects. The most important choice for enterprises is focused on choosing, in a
formal way. who will be their supplier or technological partner. As part of this diffi-
cult decision, these organizations normally consider, among other aspects, the solid
experience of their companion in this new journey. The model prescnted summarizes
this experience in a document that cnables the company, from the start, to take control
of the service, making the right decision at the right moment and paying special atten-
tion to the relevant issucs in cach situation. We think that this modcl is the instrument
to helping any small cnterprises that provides soltware-subcontracting services, in

managing it.
This alternative model represents the first step in this research. The next step is re-

lated to the validation of the model. For this purpose, the model is being experimented
on 30 small-size enterprises through a project funded by the Spanish Ministry of In-

dustry, Tourism and Trade.
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Abstract. Nowadays there arc models and standards which attempt o introduce
quality in the enterprises’ software development process with the objective to
introduce high quality levels in the produced sofiware. The NMX-1-059/02-
NYCE-2005 standard (also known as MoProSo 1) is focused on small and me-
dium software enterprises, or small groups of soRware development within a
larger organization, with the aim of promoting the standardization of an cffec-
tive process in the software industry. Mexican cnterprises now have a soflware
standard that enables them to achieve a high level of quality in the software that
they produce. However, the adoption of any standard is not an casy task. This
paper aims to show that the development and implementation of a RIA-based

tool that could support improvement initiatives, therefore strengthening the
standard adoption.

Keywords: Software process improvement, effort and adoption time. MoPro-
Soft, small software enterprises, process assessment and improvement.

1 Introduction

Software has ariscn as a fundamental pillar in the cvolution of computational products
and services. In the last two decades, software has changed from a “specific problem
solution™ to an autonomous industry [11]. However, this change keeps the old same
problems since the “software crisis™ in 1969. Nowadays, the quantity and quality de-
mands dominate the market. According to the last report of Standish Group Inc. [38]:

® Software is (alimost) always delivered out of the initial planning,
® Software is more expensive than the original cost,
L ]

Software has a dilferent functionality.

Pressman says that: “the majority of software crisis causes have their origins in
myths and theories that arose in the early years of Software Engineering ™ This origin
makes the myths more dangerous; but the truth is that they do not look like myths any
more. Figure 1 shows that a recent study [39] establishes that software does not ac-
complish the original requirements because: 45% of software exceeds the cost, 63%
of soltware exceeds the planned schedule, and software fulfills the 67% of the re-
quired functionality.

O M. Martine=, A. Alarcon (Eds.) . Received 30704710
ddvances in Computer Science and Engineering. ‘Final version | ‘)JU.‘E/I 0
Research Computing Science 45, 2010, pp. 261-278 dccepted 14705710
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Fig. 1. Principal causes of failure in soflware projects

Software industry has tricd to increase productivity and quality adopting alternative
methodologies and technologices. but it has been recognized that the main problem is
related to the incapacity to manage the software process [27] [17]. In this way, cnter-
prises have been changed from technological-based solutions to proccss-based solu-
tions. From the beginning of the 90°s, industry and researchers interested in Software
Engincering have been expressing special interest in Software Process Improvement
(SPI) [21]. An indicator of this is the increasing number of international initiatives re-
lated to SPI, such as CMMI-DEV v1.2 [35], ISO/IEC 15504:2004 [14], SPICE [13],
and ISO/IEC 12207:2004 [15].

In addition, many methods for evaluating improvements in organizations, such as
SCAMPI [19]. ISO/IEC 15504:2004 and CBA-IPI [4], and improvement models such
as IDEAL [18] have been developed. This interest in software improvement in large
enterprises is now being extended to small enterprises. However, the problem is the
high implementation cost, independent of the size of the company [5]. Because mod-
cls have been developed for large enterprises, only a few small soltware Enterprises
(SE) are awarc of them. In Mexico, in April 2007 there were almost 1,500 SE that ac-
counted for 99.87 % of all companies in this category. Due to this, the Soltware In-
dustry Process Model (MoProSoft) [23] and its process-assessment method (EvalPro-
Soft) were defined [24].

Since the approval of MoProSoft and EvalProSoft as the Mexican standard NM X-
I-059-NYCE-2005. the interest of the SE on acquiring this certification has grown.
Besides the certification. as a result of the correlation between the process quality and
the obtained product quality, the Mexican SE have gained impulsc to improve thejr
software processes as a strategy to assure the quality of their software products [6].
However. besides the certification desire, the SE has the problem to adopt quickly and
efficiently the standard NMX-I-059-NYCE-2005 without loss resources and time to
develop new projects.

This paper presents the experiences on adopting a RIA-based tool as support to fa-
cilitate the certification process by four small software companies located in the states
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of Tlaxcala, Puebla and Oaxaca. The document is structured as follows: Section 2 is
an introduction to the MoProSoft model and Section 3 discusscs related work. Section
4 describes the architecture and development of RIA-based tool. Section 5 describes
the methodology used and presents the characteristics of the case study. Section 6 de-

scribes the initial scenario prior to the tool support and presents results and lessons
learned. Finally, conclusions are shown in Scction 7.

2 The MoProSoft Model

In 2006 the Mexican government, through the National Plan for Development, estab-
lished the objectives to increase and extend the country's competitiveness using the
information and technology. One of the crucial issues to address was to “promotc the
IT industry development™ Thus, the Economics Sccretary and enterprise organisms
designed the Software Industry Development Program (PROSOFT) to promote the
software industry and extend the IT market in Mexico. According to the government
and industry requirements, the selection process of one model that would be adopted

by the Mexican software industry it would be based on five criteria [25]. The model
should be:

® Adcquate for SE with a low maturity level,
® Affordable cost of adoption and cvaluation,
® Acccptable as national norm,

®  Specific for software enterprises,

®

Defined as a sct of processes based on international practices.

According to Oktaba [25] no one of the analyzed models (ISO 9000:2000 [32].
CMM/CMMI [34], ISO/IEC 12207 [15], and ISO/IEC 15504 [14]) completely ful-
filled the established criteria. The new proposed model, MoProSoft, is developed tak-
ing into account the better practices of models as CMMI-SW [34], 1SO 9000:2000,
PMBoK [29], among others. This model provides a new process structure, new cle-
ments to document the process, a more precise relation among processcs, and an ex-
plicit mechanism for SPI [25] [26]. MoProSofl is conformed by the Soltware Industry
Process-Assessment Mcthod (EvalProSoft) which is based on ISO/IEC 15504 [Part 2]
recommendations. Figure 2 shows the MoProSoft’ categories emphasizing that, unlik'c
other reference models, has the Top Management catcgory, whosc main objective is

to organize the activities of the SE exccutives by means of introducing modern man-
agement and Sollware Engincering practiccs.
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Fig. 2. MoProSofl structure

To carry out an initiative of SPI within an organization, it is nccessary to involve: a
model that guides the improvement, a method for assessing a process, and a relerence
model to follow. The capability levels achicved and their process attributes are lo-
cated over a scale of six levels, where the level 0 is associated with the lowest capa-
bility level. indicating that the purpose of the process is not reached. Table | shows
the levels which are uscd to determine whether a process has rcached a capability lev-

el.

Table 1. MoProSoft capability levels

Process attributes

Level 0 It means that the process has not reached the expected objectives.
Incomplete

Level 1 The implemented process achieves its purposc and obtains defined results,

Realized

Level 2 The realized process is implemented in an administrative way, and the
Managed work products are properly established, controlled and maintained.

Level 3 The process is managed and implemented through defined objectives,
Established which are capable of achieving the desired outcome.

Level 4 The established process operates within certain limits to achieve their re-
Predictable sults.

Level 5 The predictable process is continuously improved in order to achieve cur-
Optimized rent and future applicable busincss goals.
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At the end of 2009, 171 organizations have been assessed under the standard
NMX-I-059/02-NYCE-2005. From these, 93% has level 1 and 5% level 2 [40]. But,
Mexican industry should accelerate the standard adoption, and according to Young cl.
al [43] a way to do it is introducing software tools to process improvement.

3 Related Work

Rapid assessments are a success [actor for the SPI efforts of any organization because
they can be frequently applied, with minimal ¢ffort-time and resources. These as-
sessments provide information to enterprises about the impact of improvement ac-
tions, introduced through a SPI cffort, in processes. In literature there is some re-
scarch related to rapid assessments: SEAL O0Q [12]. PIASS [22], SPIS [8]. KMT [1],
SPQA. Wb [28), and some comimercial tools created by specialized companices:
CMMI v1.2 Browser [42], CMM-Quest [33]. Appraisal Wizard [2], SPICE 1-2-1
[36], IME Toolkit [16], MKS Integrity Suite [20], and Stages for CMM [37]).

The standard NMX-1-059/02-NYCE is relatively new since its creation at 2005.
There are some researches which try to accelerate and support the SPI initiatives fo-
cusced on MoProSoft; however, none of them could be considered a SPl tool.

Rescarch by [41]. for cxample, provides a tool for accelerating the adoption of
MoProSoft and is supported by the AccleraProSoft! project. The main functionality of
Kuali tool is that it provides a mechanism to manage and control all documents that
result from implementing the MoProSoft processes. But, it docs not provide SPI sup-
port 1o asscss or adopt efficiently the model.

Caballero [3] provides a document management tool, named MDM., that supports
enterprises to document the MoProSolt processes; specifically business management,
process management, and administration of specific projects. MDM was developed to
provide support via Web and enables the crcation of templates for cach process.
However, MDM is not an SP1 tool.

The Guiding and Monitoring Tool for Automation ol MoProSoft (Assistant HIM)
[44] provides the support to adapt and monitor the model through a Web environ-
ment. Assistant HHIM is an electronic guide that shows processes, activities. product,
and rolcs according to MoProSoft. The Web tool uses a knowledge base (developed
with the Resource Desceription Framework) that generates the needed information for
model in XML filcs. Nevertheless, Assistant [HM assumes that the SPI eflort was al-
ready conduced and provides only a guide to “easily™ adopt the model, but it is not a
SPIltool too.

Reyes et al [30] provides an Instrument of Sclt-Assessment for Diagnosing the
Software Process using MoProSoft. This tool is focused on the process management
process and assesses the organizations to identily improvement areas. The collected
information is quantitative and qualitative and correspond with a Likert scale [31] that

' AccleraProSollis an initiative developed by the Mexican Economics Scerctary. together with
Microsoft, Visionaria and Amiti. This initiative attempts to guide enterprises to increase their
sells from short and medium term. Besides, it focused its efTorts to strengthen the planning.
opcration, sells management, and marketing rescarch.
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represents the MoProSoft™ capability levels showed in Table 1. This tool could be
considered as a SPI tool because it assesses the soltware process and identifies an or-
ganization's strengths and weaknesses: however, it only assess and does not provide
an improvement plan nor monitoring the improvement activities.

Summarizing. Table 2 shows a comparison among the analyzed tools according to
their function and operation perspectives with the aim of highlighting some gaps and
obtain an initial benchmark.

As we can sce. the available tools could be used to rapidly adopt the standard
NM X-1-059/02-NYCE-2005. however there is not information about their success in
real small environments. That is. there is a limit to being able to provide more helpful
and diverse support for establishing SPI initiatives using MoProSoft and managing
the whole process ot SPIL.

We provided an alternative way to reduce the effort of adoption using a Rich Inter-
net Application (RIA) tool. In addition, the proposed tool provides not only a funda-
mental process assessment and improvement features, but also an improvement plan
generation and remote online assessment and self-evaluation respectively depending

on organizations.

Table 2. MoProSolt’ tools features

MoProSoft tools
Criteria Kuali MD  Assistant Self-
M HIM Assessment
Supports SPI initiatives No No No No
Assesses and generates improvement plans No No No Only assess
Obtains a snapshot of current process No No No Yes
Covers all model processes No No Yes No
Developed for Web environment No Yes Yes Yes
Measures and monitoring the SPI initiative No No No No
Applied on SE No No No No

4 A RIA-based tool for SPI

The SelfVation (SELF-eValuATION) tool provides support to easily adopt the Mo-
ProSoft model. SelfVation is a RIA-based tool. RIAs are web applications that have
most of the characteristics of desktop applications, typically delivered either by way
ol a standard based web browser, via a browser plug-in, or independently via sand-
boxes or virtual machines. Examples of RIA frameworks include Ajax, Curl, GWT,
Adobe Flash/Adobe Flex/AIR, Java/JavaFX, Mozilla’s XUL and Microsoft Silver-
light.

We are trying to provide a RIA-based tool that establishes an iterative approach to
process improvement using the standard NMX-I-059/02-NYCE-2005 and which a
small organization could adopt. Following this approach, the focus of the first step
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would be to understand what exists in the organization and dctermine what causes
significant problems. Then solutions could be devised in the action plan and evaluated
in pilot studies or even controlled experiments.

SelfVation® architecture is based on three layers scparating the configuration set-

lings, the assessment and improvement mechanisms, and information retrieval (see
Figure 3).
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Fig. 3. The architecture of SclfVation

This kind of architecture makes possible that through the configuration layer, all
SEs take control over the complete SP1 initiative and obtain, at the same time, cuslo-
mized results; all the business characteristics are evaluated with the assessment and
improvement layer, establishing a real mapping of current software processes. The in-
formation retrieval layer manages all the generated information and uses the plan ge-
nerator to send the complete information to clients. This architecture provides a light
application for any client, and offers advantages related with implementation and
management capabilities in a flexible computational program.

Figurc 4 illustrates that the SelfVation strategy begins with an evaluation that is
performed in two ways: process modeling and questionnaires. Both results are
mapped against the standard NMX-1-059/02-NYCE-2005 and results are analyzed by
an internal manager who generates and improvement plan. SelfVation covers the Top
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Management category managing the top management level information. and the Man-
agement and Operation categorics managing the practices conduced by the project

managers.

r— === SelfVation* = - ~

Impravement
" Phase

\
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Fig. 4. SelfVation modules

SelfVation provides three types of user interface modules: (1) the assessment
phase, (2) the results phase, and (3) the improvement phase.

4.1 The assessment phase.

This phase guides the project managers to obtain all knowledge from their daily labor.
Previously. top management had selected for MoProSofl” processes to evaluate. This
interface uses a refined version of the Liker scale and establishes *levels of perfor-
mance” (rom the two-phase questionnaire proposed in [10]. Table 3 shows that each
answer of Liker scale corresponds with an established level of performance to deter-
mine the percentage in which each practice is performed.
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Table 3. SclfVation® perform levels

Possible Perform Description
answer level

Abways 4 The activity is documented and established in the organi-
zation (between 75% and 100% of the time).

Usually 3 The activity is established in the organization but rarely
documented (between 50% and 74% of the time).

Sometimes 2 The activity is weakly established in the organization
(between 25% and 49% of the time).

Rarely I The activity is rarely performed in the organization (be-
tween 1% and 24% of the time).

Never 0 The activity is not performed in the organization.

Giving a specific weight to cach response will enable us to casily analyze the re-
sults of the evaluation and to identify which practices arc common within the whole
organization and which ones are not performed at all. The second part of assessment
is rclated to process modeling. SelfVation uses the Process Change Mcthodology (7]
to describe the current process based on MoProSoft and mapping it against an ideal
process according to the model. None of existing tools had ever been used this kind of

assessment. SelfVation introduces the use of graphical notation to assess or modify
current and pilot processes.

4.2 The result phase.

This phase, which allows members of top management 1o obtain any information on
the SPI cycle at any time: they can control the performance of its project managers
through the assessment phase and obtain the final results and graphics derived from
the entire process. The mapping process presents a categorized level of performance,
in accordance with the assessed process. The project manager can meet its own level
of performance. This phase just provides performance level results to project manag-

ers; the entire results of the organization can only be reviewed by top management
through a reports generator.

4.3 The improvement phase.

Improvement phasc takes the results obtained in previous phase and provides the
mapping with the knowledge base that contains the MoProSoft activities. The im-
provement guide is offered in a RIA improvement performance. This means. that the
improvement mechanism of SelfVation can avoid the latency of round-trips to the
server by processing locally on the client and are often a lot faster. Offloading work to
the clients can also improve server performance. Conversely, the resource require-
ments can be prohibitive for small, embedded and mobile devices.



Supporting the Management Process of Software Process Improvement ... 270

5 Methodology

On the graduate program of Masters in Computer Science of the Technological Uni-
versity of the Mixtee Region (UTM). a rescarch project was conducted to obtain data
that contribute to a successful implementation of the SclfVation tool. The main tasks
of the methodology for this project were:

1. Identification of small soltware organizations which want to assume an im-
provement commitment,
Using SelfVation to assess the organizations” actual situation,
Using SelfVation to improve the weakness detected in step 2.
Implementing the mandatory processes awareness through the tool.
Performing and official assessment of compliance with MoProSoft capability

level.

@B

In order to choose the right SEs. we decided to experiment with three Kinds of en-
terpriscs: ones which know and uses the standard, ones which only know the standard,
and those which do not know the standard. Since our main objective is to reduce the
effort-time to adopt the standard NM X-1-059/02-NYCE-2005. we believed that one of
the crucial factors is that SelfVation provides the same guide to thosc enterprises
which really implement the model and the others who do not have previous know-
ledge. Table 4 shows the characteristics of participating small enterprisces.

Table 4. Profiles of the participating SEs

SE Activity Size Expericnce
Software development and . ..
! ; P 10 The standard is implemented
maitenance
2 Software development and 20 The standard is known, but not im-
maintenance - plemented
3 Development of software
solutions for small enter- 15 The standard is not known
priscs
4 Hardware & software ser- 8 The standard is known, but not im-
vices and integral solutions plemented

A case study is commonly employed as an empirical rescarch strategy in information
systems ficld, often used for describing relationships within organizationa! sellings
[9]. In the context of our research, we employ a case study as the method to provide
an organizational context for the application of SeltVation for identilying SP'I lactors
and their implementation and deployment to four particular small sollware compa-

nics.
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6 A case study: adopting SPI initiatives in four Mexican small
software enterprises

We designed a controlled experiment with four small enterprises in which we focus
our cffort in a semiformal version of the EvalProSoft approach. An assessment team
and four project managers were chosen, besides we separated the four organizations
into three categories according to their experience with the standard. The selected
project managers are professional who know the enterprisc’s culture and the way that
the development projects are conduced. The project managers had reccived the stan-
dard NM X-1-059/02-NYCE-2005 basic training. In a similar manner the project man-
agers had answered a structured questionnaire related to standard” categories. Figure 5
illustrates the assessment phase using questionnaires; the answers are agreed with the
way that the enterprise works by cach phase of the development lifecycle that the
standard establishes (left side of the Figure 5).

. ——— e s - —

———— e o - b g - e s

3. Venlies and Validates the Specification of Requiremeants, gencrating
l ' Report Verilication and Report of Valldation?

Fig. 5. Assessment phase

Once the questionnaires were completed we proceed o assess enterprises using the
modeling process evaluation. This RIA component provides an casy interface to cap-
ture the essence of SE development process (see Figure 6).

These two assessment components enable us to identily the strong and weak points
in order to show the current situation of the four enterprises according to the standard
NMX-1-059/02-NYCE-2005. so that it is indicated where they focus their efforts to
raise the quality of the software that they develop and maintain. Figure 7 shows the
coverage of the standard for enterprisc SEI.
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These mapped results are used by the reports generator module and create an im-
provement plan according the current situation for every organization. The improve-
ment plan of Figure 8 shows diflerent domains (practices, products, inputs, oulpuls,
measurement criteria, entry criteria, exit criteria) which enable small companices to cs-
tablish the coricctive actions indicated in the final report.
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6.1 Experimental results and leamed lessons.

Alter implementing the assessment and improvement phase we obtain information
about the practices and effort performed by the fovr SE. As we said before. SE1 has
an official implementation of standard NMX-1-0539/02-NYCI-2005 and provides us a
mcasure of contrast. All enterprises were assessed in Level 1 of MoProSoll (a realized
level) and Figure 9 illustrates the obtained results.

We believe there exists a relation between the enterprise size and the effectiveness for
standard adoption. We do not try to alfirm that there evists a proportional relation be-
tween both factors, but it is possible that small teams wr¢ more organized and make a
rapid adoption of standend. Figare 9 shows that SET obiulacd o 61.5% of coverage in
Level 1 that corresponds with its real conformance level. SE2 and Si-4 obtained simi-
lar coverage results, appreviinately a 37%, which are insuf® cisnt to achieve Level 1
(according to the assessment mechanism over the 60%). SE3 obiain a lower Ccovenge
ratio of 14.8% that locate it in an ad-hoc or chaotic situation. These results were ob-
tained from a launch of an improvement initintive using Seln\ .+ jon,

On the other hand, the coverage by cach activity of standurd NMX-1-059/02-
NYCE-2005 was obtained. Figure 10 shows that the best coverage is obtained for the
Requirements activity (60% of average and 17% ol standaid deviation) and indicates
that the requirements are used as a basis to develop a plan and construet the sofiw are
product. The worst coverage is obtained for Integration and Test activity (22% of an
average and 17% of standard deviation) because small companies do not use forma!
mcthods of product validation'verification.
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The purposc of this experiment was to demonstrate the case and uscfulness of
SelfVation as an SPI tool for SE, which also reduces the costs ol undertaking an SPI
initiative, considering the particular conditions of these organizations. The initial as-
sessment with SclfVation was conducted to establish the base line capabilities of the
enterprises processes according to the standard NMX-1-059/02-NYCE-2005. The re-
sult was “poor” -between 0 and 1 (according to MoProSoft levels). During the fol-
lowing 3 months SelfVation coached the enterprises on SPI tailoring and adoption
through improvement plans.

Finally. we applicd the second assessment with SelfVation to cach enterprise; all
four enterprises achicved a 1.00 average increase in the Maturity Level of two arcas:
Administration of Specific Project and Software Development and Maintenance. This
increascd level is obtained from the initial process coverage over 100%. For example,
SEI has an initial coverage of 61.5% when the first assessment was conducted. A
reassessment after using SellfVation showed an increase in processes of 0.28 (in first
iteration). Therefore the process has an improved level of 61.5%+61.5%%*0.28.
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Table 5. Improvement and effort data by enterprise

Enterprises
SEl SE2 SE3 SE4
Total effort (hours) 287 484 554 220

Total effort SelfVation 243 400 495 185

Effort per person (hours) 28.7 242 369 275

Effort with SclfVation 142 13 179 202

Improvement average 0.28 086 1.43 1.00

An official assessment in SE1 demonstrates that the SelfVation® results coincide
with obtained data; but we obtained this information with less efTort, it means we are
capablc to reduce the time of adoption.

These results show the applicability of our tool; however we need 1o experiment
with more than four SEs. We are designing a new experiment that involves 15 small

companics from diflerent cities in the Mexican Republic. The lessons learned will be
discussed in future rescarch.

7 Conclusions

The implementation success when enterprises try to adopt an improvement initiative
depends on the organization's top management commitment. Small companics are not
the exception, but this rescarch enables to identify that SE does not understand the
benefits that this improvement process would have in the company. To initiate the
improvement program, involvement and experience of the key personnel could be the
key lactors that contribute to strengthen the improvement initiative. But, the standard
NMX-1-059/02-NYCE-2005 is relatively new in Mexico and small compunics have
no expericnce in SPI.

This rescarch, therefore, has developed an instrument to define and implement SPI
initiatives to improve the current status of SE practices using the standard NMX-I-
059/02-NYCE-2005 as reference model. Its purpose was to investigate its [easibility
in SE and to influence the direction of future research. One limitation of this study is
the generalization ol its findings based on the limited amount of data collected and
analyzed relative to the number of small organizations. This suggests that this qualita-
tive study will be augmented by quantitative studies to strengthen the data supporting
the need and applicability of SelfVation to the Mexican small organization communi-
ty.

AL the moment of this report, the selected SELs have decided to improve their
processes in order 1o achieve a level 2 certification. We are collaborating through the
implementation ol an SP1 iterative cycle using SeltVation.
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Abstract. Two fundamental aspects of’ groupware are security and adaptation.
The former protects the information and the resources being shared., as well as
allowing only those authorized users to make use of them. The latter allows us
to adapt the application to the inherent dynamic of group work. This paper
proposes a sccurity model and an adaptability process. both of which use
services based on SOA. As each service can be independently modified, both
are adjusted according to the requirements of cach group. Security model
makes up of set services and focuses on controlling the user's access to shared
resources  (avoiding inconsistencies in groupware application) and the
groupware application itsell” (preventing unauthorized users Joining into or
making use of it). The adaptability process focuses on the group organizational
structure, using a set ol services to adjust the Groupware application. In order
to facilitate the inherent dynamic of the group organization structure is used an
ontology, which to model the organizational structure, determining its
behaviour through the concepts its relationship and the axioms defined.

1 Introduction

Groupware concentrates on support group work to achicve a common goal: therefore,
it is necessary to facilitate group flexibility to respond to different collaborative
scenarios that upsurge from the inherent dynamism of group work. as well as group
interaction to allow their members to share resources and information. which is a
main aspect to facilitate group work. Group flexibility depends on the adaptation of
the group organization structure to the inherent dynamism of the group work: i. c.
when users join or quit a session, when users change his/her role, when organization
style is changed, or when a user plays several roles, etc. In sum, this dynamism is
related to group size and organization, so that the application can be flexible enough,
to adapt itsclf to the group requirements. When information and resources are shared,
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the security is an important aspect to be considered. This happens in Groupware
applications. Whereas in most systems, sccurity is achicved through mechanisms such
as: authentication, access control, data encryption, digital signature, cte. In the
groupware ficld. special attention has been paid to authentication and access control
mechanisms. The former is a mechanism that allows us to identify and verify the
user's identity, trying to protect the system from unauthorized access. The latter is a
mechanism that permits us to protect information according to security policics, by
permitting access to shared resources only to authorized uscrs.

This paper focuses on set services to provide a security model (which supports
authentication and access control mechanisms to control interaction among uscrs) and
an adaptability process (that facilitates the adjustment to the group dynamic nature
and to the changing nceds of the same). Both avoid inconsistencics in the application
on account of cooperative and competitive activitics. In addition, SOA is the potential
solution to the problems arisen from adaptation and reuse; therefore, it facilitates
reuse and adaptation of cach scrvice and module here proposed. The paper is
organized as follows: Section 2 describes the adaptability process. Scction 3 explains
the sceurity modcl. Finally, Scction 4 outlines the conclusions and future work.

2 Services-based Adaptability

Software adaptation [7] is bascd on the neeessity of adjusting the system functionality
in accordance with the new requirements that will appear in the future (changes in the
environment. users’ needs, different devices, ete.). in such a way that the system can
continue working correctly. There arc two forms of adaptability [6], [9]:

I.  Adaptive, the adaptability is automatically performed and it is based on certain

mechanisms previously defined by the designer and/or the developer.

2. Adaptable, ihe adaptability is carricd out by the user’s direet intervention in

related to a sct of constrains that avoid inconsistencics in the application.

The Groupware adaptability is focused, mainly. on the following aspects: aceess
control [11]; concurrency control [4]; coupling of views [3]; and extensible
architectures [R]. In the work presented in [1] these aspects have been addressed. In
this paper. the adaptability focuses on the group organizational structure.

The adaptability controls in what way the components of the groupware
application will be adapted when a change (or cvent) requiring modification takes
place. so that the application functionality can be preserved. The adaptability of the
group orgainizational structure comprises two phases: Pre-Adaptation and Adaptation.

2.1. Pre-Adaptation Module

This module (sce Figure 1) provides a set of services which allow the Groupware
application to determine whether it will carry out the application adaptability.
Therefore, the Pre-Adaptation Module executes the following steps:
1. It monitors, at all times, (using Detection Service) cvents triggered in the
exccution environment (in this casc, the Colluborative Application Service).



281 M. Anzures-Garcia, L. A. Sanchez-Gdalvez, M. J. Hornos, and P. Paderewski-Rodriguez
2. Each event detected by the Derection Service is compared with those
contained in the Adaptation Event Repository.

2.1. If a detected cvent is found into the Adapration Event Repository,
an adaptability process is required (go to step 3).
2.2. Otherwise, an adaptability process is not required (go to step 1).
3. Itdetermines the kind of adaptation to be carried out.
3.1. Adaptable, go to step 4.
3.2. Adaptive, take the following steps:
3.2.1. A consensus must cxist among all the group members (by
means of the Agreement Service), to decide on (through the
Voting Tool Service) whether an adaptation process should
be performed or not.
3.2.2. If the group decides to adapt the application, go to step 4.
3.2.3. Otherwise, go to step 1.
4.  Groupwarc application adaptability (go to Scction 2.2).

( Pre-Adaptation Module
.= """ Executionfnvironment * - .
Deteclign-s'ewice ) * 5
’ -
' Collaborative .
' adaption - compgrls:-__ _______  Application
', Event ] Service .
T B - = fﬂ—.- -
Adaptable
Adaptation
Module
| . “Adaptive " ° -
. Aggrement Service 3
’ 99 - 3 Vote Tool Service
. ¢ Consensus N i i Maprity | | ! Minimum
i Vole omamw Value
l o 1 = et
o N t B

Fig. 1. Pre-Adaptation Module based on services.

2.1.1. Detection Service

This service (sce Figure 1) monitors cach event carried out at Groupware application
through the Notification Service, which triggers itself whenever an event takes place.
The Detection Service compares this cvent with those events registered at the
Adaptation Event Repository, which contains only those events that involve an
adaptability process. In addition, cach event, in this repository. is associated to the
kind of adaptability to be carried out, i.¢.. adaptive or adaptable process. The former
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requires knowing the established organization stiucture in the group, namely that if it
is a non hicrarchical oreanizational structure, the Agreement Service which allows
users to reach a consensus using the Vore too! Seorvice, will be executed. But, ilit is a
hicrarchica! organizational structure, an adaptalilc process is required.

2.1.2. Agrecinent Service

This service (sce fisure 1), is used by proup members in an adaptive process whose
organizationa! style is non-hicrarchical, to decide wheiher the Groupware application
adapiahility should be performed or not. Therefore, the Agreement Service supports
the consensus that all members have to reach.

2.1.3. Vote Tool Service

This service (sce figure 1), provides a sct of voting tools to be used by group
members in order to reach an agreement. The Vote Tool Service, allows group
members to choose from different Kinds of agreements, which are based on a majority
voie or on maximum/minimum value, cte. The group then will muke a choice
according to the established requizements to accomplish the given group task.

2.2. Adaptation Module

This module (sce figure 2) performs the Groupware application adaptability;
therelore, it exccutes a set of operativns (which are stored in the Operation
Repository) to determines that actions must be carried out in cach service has be
adapted. In order to avoid possible inconsistencies in the Groupware application, this
phase is carried out by the Aduptation FFlow Service.

2.2.1. Adaptation Flow Service

This service (sce Figure 2) controls and manages the actions, which should be carried
ou: in cach scrvice that will be adapted. These actions are determined by set of
associated operations to an event. I1f some action can not be performed a reparation
process s exceuted using the Reparation Service. The ddaptation Flow Service
peiforms the following steps:

a)  Itrequires and gets to the Adapted Components Service the serviees list related
to the adaptability process, as well as, the associated operations list to cach
service that show in the services list, The adaptability process stars with the
first service and stop with the last service in the list, storing its name in the
Adaptation flow Repository together with the operations that will allow us its
adaptation. This adaptability process begins in the step *b)™

b) It dctermines if the service meels the necessary pre-conditions (which
establish the conditions that Groupware application must fulfil to be adapted)
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to be modified. If these pre-conditions are not satisfied the Adapiation Flow
Service is stopped, a message that indicates the reason by which stopped is
sent, and sometimes it is necessary perform a reparation process.

¢) Itexecutes the adaptation opcrations associated with service to adapi it
d) It decides if the service adapted mects the nccessary post-conditions (which
are the conditions that must be achieved later that the componcnt has been
modified). In case that the post-conditions are not satistied. a reparation
process is carry out, following the adaptation  flow  establishicd by the
adaptability process but in opposite Jirection. Thus, cach conponcat retuins to
their previous state and notifics users that adaptation can not take place.
¢) The steps "b" to "d™ arc repeated until that all the services in the list goiin the
step a) have been adapted, thereby the adaptation process finish.
{ . 1
! Adaptation Module
|
i - v ‘I
| / i 3 .
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l T i Flow ' and gets Co:lﬁﬂ'\rﬂl’
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Fig. 2. Adaptation Module based on services.
2.1.2. Reparation Service

This scrvice (see Figure 2) provides a mechanism in order to the application
functionality can be preserved when the adaptability process can not be finished
because not fulfill the post-conditions. The Reparation Service querics the Aduptation
Flow Repository to get the last operation carried out in the last service adapted. In this
way, cach adapted service (starting with: the last service and finishing with the first
service of that repository) is returned to their previous state and notifies users that
adaptability can not take place; preserving the appropriate application operability.
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3 Services-based Security Model

In order to proposc a service-based sceurity model, on the onc hand, the access
control management and the authentication have been analyzed and modeled from the
beginning of the Groupware application development. On the other hand, the main
existent access control models have been studied: as a result we have detected their
main problems. which are: they are not able to dynamically change permissions, they
do not provide the global context of the collaborative application, and they do not
specify neither restriction nor fine granularity control. The service-based security
model is used to control how the shared resources are managed in the Groupware
application in order to avoid inconsistencies. This model is based on RBAC model
[10]. the permissions are assigned to roles instead of users; in this way, when uscrs
modify their roles in the organization, the access control policy does not change.

The service-based model improves the existent access control models, for it
considers: the static and dynamic aspeets of the sccurity, sophisticated and
appropriate sccurity policies, the general context rclated to collaborative activity, and
the dynamic nature of the group, in such a way that permissions, roles and constrains
are part of the model and these can be changed in runtime. In order to achiceve these
benefits. this model is based on four modules (sec Figure 3): Awthorization, Session,
Interaction Control, and Context. Each of them abstracts a concern related to the
establishing of sophisticated and appropriate access policics for group work, as well
as, dynamic adaptation of its functionality in runtime. The changes can be:

= Evolutionary: Changes in the model which are dynamically updated in the
collaborative application.

s Aduptive: Changes in the group organizational  structure, which are
predetermined in the aceess policy defined in the collaborative application.

3.1. Authorization Module

In the existent access control models, the authorization of uscrs and the modification
of permissions in runtime are core aspects, because access 10 resources in a session is
controlled by the permissions or authorization that a user has at a given moment. This
modulc (sec figure 3) establishes the authorized roles to aceess a session, and defines
how the users interact with shared resources and among themselves. It also allows the
organizational structure to be dynamic. The Awuthorization Module facilitates an
appropriate, dynamic and simple authorization of uscrs in the session by four
services: Registration, Authentication, Stage, and Group Organizational Structure

(sce Figure 3).

3.1.1. Registration Service

This service allows to the users to participate in a scssion, because the first thing that
a user must do is to register her/himsell on this. A user can join a group under own
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petition or via an invitation. In the first casc, the user must send a request via email
indicating, that she/he is keen to take part in the session. If the user meets the use
conditions, the login and the password are sent to her/his email address. In the second
case, the user receives in hehis email client an invitation with « login and a
password to access the session. She/he will use the information receive
wants 1o join this session. When a user is registering in this, it is nee
fills in a rcgistration form with herhis personal data and with uselul information for
carrying out the group work. The role that the user will play in this session is also
stored and is provided in accordance with the valid roles in the Group Organizational
Structure Service according to current stage (which is cstablished in the Stage

d when sheshe
cssary that sheshe

Service).
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Fig. 3. Scrvice-based Access Control Model

3.1.2. Authentication Service

This serviee controls the user access to the Groupware application, is used once the
user s registered in the Groupware application. When the user inputs a logia and a
password, this service authenticates hee'his aceess to the sesston, and stores these
data, which arc used by the systein to corroborate that she/he is an authorized uscr.
The authentication is dependent on the defined organizational style (Group
Organizational Structure Service) and the currently exeeuted stace (Stage Service).

.
o
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3.1.3. Group Organizational Structure Service

This service presents an ontological model [2] that specifies the group organizational
style taking into account all its static and dynamic aspccts. Morcover, it allows
controlling the access to the shared workspace and resources, and facilitates user
authentication in this space. The group can change its organizational style in runtime.
A style determines the roles that users can play and cach role represents the set of
access rights that users have on shared resources and the actions that they can
perform. We have described the elements and the functional dependencics between
them by means of this ontology. which allows specifying and controlling the changes
on: the roles that a user can perform in a session, the access rights of cach role, and
the tasks to carry out in this. Morcover, in accordance with this model, we can create
templates of policics that can be used to facilitate their reuse in runtime. For these
reason. the security model facilitates the group work adaptability.

3.1.4. Stage Service

We consider long-term Groupware applications, where sharing information takes
place at various stages. A stage [5] in a coordination modcl is dcfined as cach of the
collaboration moments. This service defines at least two stages: the collaboration and
the configuration. The former, where the work group is carricd out, can be in tum
divided into several stages; for example, we distinguish four stages for it in the CMS:
submission. assignment, review, and acceptance of papers. Each stage controls the
roles that can participate in it, which facilitates the user authentication to the shared
workspace. This service manages the collaboration moments, by cstablishing when a
stage begins and cnds, when a stage ends, it is possible to change the current
organizational stylc (see scction 3.1.3) to another more appropriatc.

3.2. Session Module

This module supplics a shared workspace to carry out the intcraction process in the
Groupwarc applications, by means of two scrvices (see Figure 3): Session
Management Service, and Session Service.

3.2.1. Session Service

This service orchestrates the session, which includes its establishment, initiation,
suspension, resumption and stopping. as well as the provision of information about
the session state. A session denotes a set of geographically distributed individuals,
who share a common interest to perform common tasks, so only a group can work in
a session. This service provides a mechanism, which is supported by means of a peer-
to-peer infrastructure, which allows connccted users to work in a collaborative
environment. In this way, it allows the users to join, to leave, to invitc somcone to,
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and to exclude someonc from a session. Once a session is cstablished. this service
manages and controls the session and the connections of users to it, storing
information about cach user and her/his work session: with this. it is possible to
identify the uscrs that arc connected to cach session. A user can participatc in more
than one scssion.

3.2.2. Session Management Service

This service supports the execution of several sessions at the same time. Here, cach
session is persistent, can be asynchronous or synchronous. and can be executed into
another session. We consider session as persistent, which means they keep the session
state until the next connection. This helps overcoming the well-known latecomer
problem, and managing the adaptation process. Thanks to that. the scession state can
be retricved from the server and it is possible to present the current state of the
session to a new uscr. A Groupware application must be able to support both
asynchronous and synchronous communication, so that they can be used when
necessary. This service allows a group working in a session to make up a subgroup.
which can start a new session. Both (group and subgroup) sessions can have different
communication types, i.c. asynchronous or synchronous. This is important, because it
allows the application to be adapted to the requirements of the group work.

3.3. Interaction Control Module

Once the group organization has been defined (i.c. user authorization to carry out the
tasks and to usc the shared resources) by means of the above mentioned module (see
section 3.1.1), it is important to control the communication and coordination logic of
the collaborative application to provide a good performance of the same at all times.
This way, the mutually exclusive resource usage during the interactions among uscrs
must be guaranteed. This is achicved by means of this module, which contains four
services, called: Concurrency Management, Task Management, Basic Activities, and
Shared Resource Management (see Figure 3).

3.3.1. Concurrency Management Service

This service facilitates the manipulation of user permissions relevant to ensure
exclusive access, which are granted in accordance with a default policy and a lock
mechanism. The default policy for accessing the shared resources is “free for all™,
where the conflicts are resolved by a serialization of the access requests to shared
resources on a first-come-first-served basis. This policy can be modificd by the
organizational style (cstablished at the current stage). The access request to a resource
is made to the Shared Resources Repository, which verifies whether the user has the
required access rights to use that resource. In affirmative case, and if the resource is
frec, the user is allowed to use it to carry out the corresponding task. If the resource is
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busy. the user requesting this resovrce is informed about the resource state and her/his
request is put on the waiting list, If a user doces not want to wait for the resource,
she'he can remove herhis reguest irom the waiting list at any moment. Once the
resource is free (because the user who was using it finished their task or Ieft the
session). it is assigned (o the neat woce on the list, This process is repeated until cither
all the users on the waiting list have used the resource or the session has finished. If
the user does not have the rights to access to the resource, she/he reccives a
notification indicating that she/he can not use this resource.

3.3.2. Shared Resource Managemen! Service

This scivice defines a flexible mechanism for storing the resources used which does
not cstablish any restriction about the data logical model used in its description. The
resources storing is performed through YA/L documents, so that the elements of the
Shared Resources Repository are serialiced in XML format. The XML Schema
representation of cach type of shared resource that the system uses nceds to be stored
in the meta-level repository. In thi- way, cach invocation to the primitive contexts
associated takes two parameters: one identifies the resource requested in the
operation, and the other is a reference to its structural schema, so that cach operation
can be uniformly caricd out regardless of the shared resource type on which it
opurates. Mo over, this service supplics a sct of operations for managing resources
in the repository. These operations allow vs to insert, upehic, delete and query
resources in the repository.

3.3.3. Basic Activily Service

This service defines a component that provides a sct of activitics to manage the
resourees stored in the Shared Resourees repository. These activitics are independent
of the specific scmantic associated with the different types of shated resources used,
although their implementation should be carried out according to the data logical
mode! wsed in the repository. This saivice uses the services of Conc: oy and
Group Organizational Structure.

3.3.4. Tash Managemen! Sevvice

This service mannzes the tasks to be performed in the Groupwine ¢ ple ion. Lach
task is made up of a set of basic activitics, which must be carried out (o complete the
corresponding task. The information aboat the tasks to be carried out is potten from
the Groap Qiganizational Stiu: tui ¢ Service, which facilitates the tashs management.
Duc to the tasks are carried out in the shared workspace, this service uses the
Concurrency Management Service that guarantees a coordinated management of the

shored tasks used in the cooperative processces.
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3.4. Context Module

The context is a very important element in the collaborative work. since the Security
Model must take into account the current context of cach user to establish the access
permissions. Context information is necessary to manage the users and the resources
access control, as well as users’ authentication. This module (sce Figure 3) contains
three services, called: Group Awareness, Group Memory, and Notification, which
provide a sct of elements in relation to the collaborative context. Thanks to them, it is
possible to control the state of cach user, using the information stored in a scssion.

3.4.1. Group Awareness Service

This scrvice provides to the users with the necessary information to support the group
awarcncess. In this way, users arc aware of other members presence in the session, as
well as the actions that cach of them has carried out and is carrying out, which
facilitates uscr cooperation in collaborative tasks.

3.4.2. Notification Service

It provides users with opcrations for registering the interest in receiving collaborative
cvents and for removing that interest, as well as for notifying the events produced
during a scssion. For cach uscr joining a session, an instance of the Notification
Service is created. This instance is registered in the Group Awareness and’or Group
Memory Service as an event consumer. Each cooperative event trigeers the invocation
of the corresponding notification operation, which delivers it to the Group Awareness
and’or Group Memory Service, which in tum will propagate it to all registered
consumers. These notifications arc asynchronous, to avoid waiting and connections
problems in the application. All events are distributed as strings, making the system
suitable for any kind of event produced by any kind of Groupware application.

3.4.2. Group Memory Service

This service supplics a common context in the Groupware application which is called
the group memory. This is a common space on which the collaborative activities of
the group are carried out, and where the information about the shared resources is
stored. This memory is created to provide understanding and rcasoning about the
collaborative process, and to do an exact tracking of this process. Therefore. this
service collecting, storing and distributing information about the shared resources
usced and the activities undertaken with these resources, with the aim of supporting
the dynamics of the group knowledge representation. In addition, the Group Memory
Service provides persistence to the Groupware application, which gives the necessary
information to perform several processes, such as the latecomer. adaptation or
rcparation ones.
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4 Conclusions and Future Work

In this paper. it has been presented a sct of SOA-based services for supporting the
adaptability and the security in the Groupware applications. These are two quality
attributes very important. The former is controlled and managed by five services,
which allow us to adjust the organizational structurc to the group nccessitics,
preserving in all moment the appropriate application functionality. The latter is
supported by Security Model using thirty services in order to protect the Groupware
application. as well as the shared information and resources of unauthorized users. In
this way, the services developed can be used in and/or modified to other applications
to provide sccurity and adaptability. thanks to that SOA provides rcuse and
adaptability. The futurc work will propose an ontology to facilitate the intcgration of
these services in architectural model for develop Groupware applications.
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Abstract. This article presents the design of a High Level Paralle] Composition
or CPAN (according to its Spanish acronym) that implements a parallelization of
the algorithmic design technique named Braneh & Bound and uses it to solve the
Travelling Salesman Problem (TSP), within a methodological infrastructure made
up of an environment of Parallel Objects. an approach to Structured Parallel
Programming and the Object-Orientation paradigm. A CPAN is defined as the
composition of a set of paral'el ubjects of thice lypes: one object manager, the
stages and the Collector objects. By following this idea, the Branch & Bound
design technique implemented as an algorithmic parallel pattem ol communica-
tion among processes and based on the model of the CPAN is shown. Thus, in
this work, the CPAN Branch & Bound is added as a new pattem to the library of
classes already proposed in [11], which was initially constituted by the CPANs
Farm. Pipe and TreeDV that represent, respectiv cly. the patterns of communica-
tion Farm, Pipeline and Binary Tree, the later one implementing the design tech-
nique known as Divide and Conquer. As the programming environment used to
derive the proposed CPANs, we use C++ and the POSIX standard for thread
programming,

1 Introduction

At the moment the construction of concurrent and parallel systems has less condition-
ing than onc decade ago, since there currently exist. within the realins of 1IPC or Grid
computing, high performance parallel computation systems that are becoming more
and more affordable, being therefore possible to obtain a great ¢fTiciency today in pa-
rallel computing without having to invest a huge amount of mongy in purchasing a
state-ol-the-art multiprocessor. Nevertheless, to obtain efficiency in parallel programs
is not only a problem ol acquiring processor speed; on the contrary. it is rather about
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how to program efTicient interaction/communication patterns aimong the processes
[2].[6]. which will allow us to achieve the maximum possible specd-up ol a given
paralicl application. These patterns are aimed at encapsulating parallel code within
programs, so that an incy, srizaced parallel applications prozrmnner can produce effi-
cicnt code by only progees smag the sequential parts of the ap;fications [2]1[4]. Paral-
lel Programming base.! on the use of communication patteins is known as Structured
Parallel Programming (SPP) [13]. [ 14].

The present investigation eeatres its attention on the Methods of Strectured Parallel
Programming, proposing a new implementation, carried out with Ci & and the POSIX
Threads Library, as a CPAN [13],[14] of the algorithmic design technique known as
Branch & Bound (BI3). CPANs are Structured Parallel constricts based on the Object-
Orientation paradigin usefu! o solve problems of high computational complexity by
parallelizing their algorithins using a class ol concurrent active objects, In this work
the library of classes that we propose in [10] is complemented with the design and
implementation of the CPAN Branch & Bound. which is intended to provide the pro-
granuner witli an additional commuaication and interaction patlern among processes in
parallel applications. which allows him to solve optimization problems, such as the
Travelling Salesman Problem discussed here, which is an optimization problem with

NP-Complete complexity.

2 Branch & Bound Method

Brarch and bouad (B18) is an algorithimic design techaigque that makes o partition of
the solution spac - of u givea optimizati sy problom. The entire space is represented by
the correspoiding BB expansion free, whose rool is associztad 1o the initiatly wn-
solved problem: the children at cach node represent the sthspaces obtaincd by hianch-
ing. i.c. subdividing. the solution space represented by the pavent nodes and the Teaves
of the tree reprosent nodes that et be subdivided any further, thus pooviding a final
valuc of the cost function associated v a possible selution el the problem. BD carries
oul a pu:tiad enumeration, i.¢. a non-eabaustive scarch, over the nodes ol the expansion
tree until an opiimal soluion to the initial probicm is found or the set ol five nodes,
i.e. those that stil! have the possibitity o being bronched. becomces exbausted. There are
ditterent possibiitics to genorte nodes and follow a rouic o a solution duving the
algorithe exceution, kno s the branehing stratezies of the BB aleorithm, such as
the ones given by the followi o sexrch msthads: £t in depth (steategy LIFO), First
in width (strategy FHEO) and Fiest best node, The Fatter usos cost functions caleulition
to seleet the node that in principle secms to be more promisiag to enp! o e to -
ther expacdin gl or o Gind better solutions (rovs it (strategy THEAPL wsive - minimum
cost or 1Oy, Inaddition o these strategies, BB i s bounds to the valass o the subuop-
tima! solution feund at o cort. . point of the algorithin execttion in erler to prune
those branches below i node hat cannot lead to the vptimad solution, A bound of the
posible value of those reachabic solutions s caleulated in cach node frow the infor-
mation contained in it If tic bound shows that any one of these selutions is necessarily
worse than the best solitio. found up to that point, then there is no need for the algo-
rithin (o continie exploring on that branch and, therefore, prunes it o!7,
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2.1 The Algorithm

Three stages are carricd out in BB algorithms:

l. Selection: A node belonging to the set of live nodes is extracted. The selection di-
rcctly depends on the strategy scarch which was decided for use in the algorithm.

2. Branch: the node sclected in the previous step is subdivided in its children nodes by
following a ramification scheme to form the expansion tree. Each child node re-
ceives from its father node enough information to cnable it to scarch a suboptimal
solution.

3. Bound: Somc of the nodes created in the previous stage are deleted, i.c. those
whosc partial cost, which is given by the cost function associated to this BB algo-
rithm instance, is greater than the best minimum bound caleulated up to that point.

The contribution of this algorithm is that it ofers a way to perform the greatest possible

reduction of the space search and, therefore. obtains a decrease in the exploration com-

plexity of the expansion tree which contains the optimal solution being scarched. The

nodes that have not yet been pruned are included in the live node list. and thereby, the

sclection process begins again until the algorithm finalizes. The general structure of the

algorithms that implement the BB technique is based on three main modules:

I. The module that contains the scheme of general operation ol the technique.

2. The module that represents the structure of data where the gene
stored.

3. The module that describes the structures of data that conforin the nodes.

The first module is the or'; one that remains without modificaii, . independently of

the problem to solve with the BB «'gorithm and it is valid for 2! the algorithms that

follow the technique. The pscudo-code implementing it is as follows:

ated nodes are

CLASS CONCRETE EsquemaBBR
{
Estructura e;
Nodo n;
Nodo[] hijos;
int numhijos,i,i;
PUBLI C Nodo B&B()
{
€~ Eslructura CREATE() ;
n= nodoInicial();
e.inserta(n,n.h());
WILE (!E.esVacia())
{
n=eg.extrae () ;
numhijos=n.expandir (VAR hijos);
eliminar (n);
n.poner_cota sup(numhijos,hijos);
FOR i=(0,numhijos)
{
IF (n.aceptable(hijos[i]))
{
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IF (n.esSolucion(hijos([i]))
{
FOR j=(0,numhijos)
IF (i!'=3)
DELETE hijos[]]:
e.clear();
RETURN hijos([(i]:
}
ELSE
e.inserta(hijos(i],
n.h(hijos[i])):
}
ELSE
DELETE hijos([i];

}

The definition of the abstract data type that represents the structure ¢ where the nodes
arc stored corresponds to the ADT HHEAP. because the strategy used to search a node
containing a solution is that of selecting the minimum cost (L.C) onc¢ among the con-
tained in the HEAP. The definition of the class that represents the type Node used in
the previous pseudo-cods is composed of the following functions:

o cxpandir( ): 1t is the function that creates the children nodes out ol a given node
and returns the number of children to where the function is called. This function is
the one that implements the process of node ramification of the algorithm

® aceptable( ): Function that carrics out the pruning of unpromising nodes and, when
it obtains a live node, decides whether to continuc exploring or to reject it

e esSolucion( ): Iis a function that decides whether its parameter node is a Icaf of the
tree, that is to say. a possible solution to the original problem.

® Ji( ): This function in its two versions. i.c. it can be overloaded. is the one that im-
plements the cost function for the scarch strategy L.C and its value is uscd as a prior-
ity position valuc when storing the nodes in the HEAP structure.

e poner_cota_sup( ): It allows for the upper bound ol the problem to be cstablished.
The function that carries out node pruning uses this datum to prunc those nodes
whose cost value is greater than the currently obtained bound of the optimal solu-
tion.

The CPANS can provide the parzllel algorithms necessary to solve problemns, such as

the one of the TSP, using the BB technique. When solving this Kind of problems, in

addition to the solution, reasonable run times of the whole computation can be ob-
tained with the CPAN model. Since the complexity in NP-complete problems as in the

TSP onc is intrinsic, parallelization is the only way to obtain a solution in the practice.

Each object node ol the expansion tree therefore needs to be independent that is to say,

it must contain all the necessary information to be an active object, (i.e. to have the

capability of execution in itself) which makes it possible for the processes of branch
and bound to perform the reconstruction of the solution found up to that moment.
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3 The Travelling Salesman Problem

The Travelling Salesman Problem could be represented by a directed graph consisting
of a set of vertices (cities) and labelled arcs (distances between cities). One optimized
solution of the TSP is a path in which all the vertices have been visited exactly once
with minimal cost [3]. Formally, the problem can be enunciated as follows: given a
connected and weighted graph g and given one of its vertices v, s the initial one, we
must find the Hamiltonian cycle of minimum cost that begins and finishes in v, [8].

3.1 Solution of the TSP with the BB technique
The problem is solved by a BB

whose root is the initial problem
all the cities re

algorithin, which dynamically builds a search tree.
and its answer nodes are complete tours [3] around
presented by the nodes of the geaph. Numerous strategics of Brandh &
Bound exist that solve the problem of the TSP. The first of the three strategics de-
scribed in [15] is used in this work where the following important elements are de-
fincd, as well:

® LC(P) - Cost of a node P: 1s the distance of a complete graph’s tour after / gets
included in it, il P is a solution nods, or, otherwise, is the cost of a solution of

minimal cost in the sub-tree whose root is P.

coti = Upper bound: The length of th: shortes! com

moinent. This value must be a global va

the search trec of nodes.

plete tour fouid up unti! that
riable in the program and 1s used to prune

® I(P) — lower bound of the cost of a soluti. - for a problein or sub-problev: P ITP
is a solution node 1.C(P) =h 7).

sl ] - vector soluiion: I is a vector that indicates the order in which the vertices

must be visited to reach the optimal solution. Each clement of Ui vecior contains a

number between 7 and V. being N the number of vertices ol the graph that deliies

the problem The vector cannot contain repated clements,

® M[][] - Muirix of adjacency: It is the representation of the graph where the vertices
are the indices of the matris and the contents of the matiix elements given are the
arcs between two vertices, Tiie matrix of adjacency is not necessarily symimetrical,
although, it is so with respect to s noveegative clenients.

Computing the o er bound of a node of the search lree

reduced cost matri oy cach nods [3] A row (or colw

contains an clement 7

Is carried wut by ob tining the
i) ela matris is reduced if it
cro at fesst, and the rest of the elemoents are nonicgative. We say
that & matris is reduced i and only it all its rows and coltrrns are reduced [8] With
respect o the interprciat’ v of the st of o node, this is obtained by adding the
amounts 7, i which the toves or columns of the matrix of adjacency of the graph are
reduced when the process of obtaining the reduced mairiy is cattied out. This amount
which is removed when reducing a matrix is 2 lower bound ol the total cost o any
possible tour tiaversing the graph nodes. This is exactly what it is used as, the cost
function LC (o prune nodvs p of the expansion tree. Therelore, a reduced marriv and
an accumulated cost are associated to each node and if we suppose that M//// is the
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reduced matrix associated to the node p and p' is a children node of p which is ob-

tained by including the arc /i,j/! in the partially built tour s//, then:

e If p’ is a leal node of the tree, i.e. a possible solution, its cost is the accumulated
cost of p plus M/i.j]+M({j.1]. The latter term is the one that completes the tour. The
amount obtained is the cost of such a tour.

e If p’is not a leaf, its reduced matrix M obtained from matrix Af* assigned to this
node p’ will have as cost the cost of p added to the cost of the reduction of A/ added
to the valuc of M/ij).

4 Definition of CPAN

The concept of CPAN has mostly been carried out within the PhD thesis rescarch work
referenced in [11]. The basic idea is implementing diffcrent types of parallel patterns of
communication between the processes of an application and implementing distrib-
uted/paraliel algorithms as classes, by following the Object-Orientation paradigm. The
execution of a method of the objects that constitute a CPAN can be carried out through
a message sent to an instantiated class, which acknowledges it as a service petition,

A CPAN comes from the composition ol a sct of paratlel objects [12] of three types
(scc Fig 1):

An object manager representing the CPAN itsell and makes of it an cncapsulated
abstraction that hides its internal structure. The manager controls the referenc s ol set
of objects (a denominted objeet Col'ector and several denominated Stage objects) that
represer! the compo -nts of the CPAN and whose execution is carried out in parallel
and should be cocrdinatad by the manageritselt.

The Stage objects are objecis of specific purposs responsitile for encapsulating a
clicnt-server type interface between the manager and the object slaves (objects that are
not actively participative in the composition of the CPAN, but rather, are considered
external entities that contain the sequential algorithin that constitutas the solution of'a
given problem) as well as protiding the necesary connection among them to imple-
ment the conunanication seniantic pattern thiat seeks to be defined. In other word., cach
stage should act in paral! ! as a node of the graph that represents the coninnnication
pattern and should be cap.ble of exeeuting its methods as an active object. A stage can
be dircetly connceted to the nreager and’or to another component stage depending on
the patiern peculiar to the CPAN being implemented.

And an ohject Collector which is an object in chaige of storing in pacetlel the results
that it receives from the stase objects that are connected to it inat is to say, during the
service of a petitic:, the contro! low within the stages of a CPAN depeidds on the
implemented conmuniction patiern. When the composition concludes its exceution,
the result does not reiurr o the manaeger divectly, but rathes to aa instance ol the class
Colicctor which takos charge of storing these results and ol sending them to the man-
ager, which will ihen so0 1l s to the exterior. as soon as they arrive to it, without the

need of waiting for all t:c results to be obtained.
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The objects manager, collector and stages are included within the definition of Parallel
Object (PO) [13]. The Parallel Objects are active objects, that is to say, objects that
have exccution and communication capabilitics in themselves in three ways: the syn-
chronous, the asynchronous and the asynchronous future way [10].

In addition, for cach one of these, synchronization mechanisms have been implemented

when parallel petitions of service take place in a CPAN (MaxPar, Mutex and Sync)
[10].[12].

ol eius 4+ Stage
%Y., a
*. .‘- "s. '_' I
N~ N, .ot 1
N~ -
A ~ 2 4 ~ ~ Stage "
\'.'_O-\ -~ ‘_""-_
- ~
P QUL [ » x
- . .
—Pp Manager s Y . '

CPAN N |
\-\
Stage ™

The paraliel patterns worked in [10].[12] have been the pipeline, the farm and the
treeDV. 1o be a significant set of reusable patterns in multiple applications and algo-
rithms. Thesc patterns have been implemented on the basis of the model of the CPAN.
constituting a library of High Level Parallel Compositions, formed by the Cpan Farm,
the Cpan Pipe and the Cpan TreeDV Making usc ol the technique of the reusability of
code and demonstrating the utility of the library proposed in [10]. the use of the Cpun
Farm for the design of the technique of Branch & Bound like a CPAN becomes of
interest. The Cpan farm is composed of a sct of worker processes and a controller. The
workers arc exccuted in parallel until reaching a common objective. The controller is
the onc in charge of distributing work and of controlling the progress of the global
calculation, See Fig 2.

Fig 1. Internal Structure of a CPAN [10], [12]
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Fig 2. The Cpan of a Farm communication pattcrn [10], [12]
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5 Parallelization of Branch & Bound Technique

The ramification is separated from the bounding of nodes on the expansion tree when
the BB algorithm exccutes. These two structures were implemented using the Cpan
Farm of the library proposed in [10], so that the ramification and the distribution of
work to the processes were carried out by using the scheme of the Farm. As Fig 3
shows. the expansion tree, for a given instance of the BB algorithim, is obtained by
iteratively subdividing the stage objects according to the farm pattern until a stage
representing a leaf-node of the expansion tree is found, i.c., one stage in charge of
solving a sub-problem that cannot be additionally subdivided.

On the other hand, the pruning is carried out implicitly within a farm construction
by using a scheme totally connected between all the processes. It can communicate a
sub-optimal bound found in a process to all the processes that are branching to avoid
ramifications of uscless sub-problems, i.e., those that do not lead to improving the best
upper bound obtained up to that moment.

The Cpan Branch & Bound is composed of a set of Cpans Farm that represent
worker processes and a controller, therefore, forming a new type of Farm, the Farm
Branch & Bound or FarmBB that will be included in the library of CPANS. The Cpan
Farm workers are excecuted in parallel forming the expansion tree of nodes given by
this technique. The process controller of the initial Cpan Farm represents the root of
the expansion tree that is in charge of distributing the work and of controlling the pro-
gress of the global calculation given to the collector of the FarmBB which sends the
result to the process controller of the Cpan FarmBB, which then shows it to the user.

See Fig 3.
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Fig 3. The Cpan Branch & Bound [t1]

6 Results and Analysis of Speedup

The scarch strategy which was used in the implementation and test of the distributed
TSP was: The first best search strategy that uses the calculation of cost functions for
cach live node to seleet the node that, in principle, seems the most promising to analyze
(strategy HEAP, using minimum cost or LC).



The analysis of Speedup of the CPANS B&B that appears in table | and Fig 4 was
carried out in a Parallel System Origin 2000 Silicon Graphics (of 64 processors) avail-
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able in the Europcan Center for Parallelism of Barcelona CEPBA.

Table 1. Exccution of Parallel CpanB&B in 2, 4, 8, 16 and 32 processors with N=50

cities
CPUSEQ CPL2 CPU4 CPL8 CPL6 CPU32
Run time 3542Seg. 21.88Seg. 1421 Seg. 11.34 Seg. 10.27 Scg.  9.10 Seg.
Time cpy  2T10Ser.  2328Seg.  2L17Seg. 1919 Seg. 2269 Seg. ﬁ::
CPl 1.321 0.952 0.943 0.928 0.924 0.914
Speed Up 1.00 1.62 2.49 312 345 3.89
Amdalh 1.00 1.68 2.55 3.43 4.16 1.64
—e— Speedup of the Cpan FarmBB_tsp
—a— Amdalh for the Cpan FarmBB_tsp
500 o e e e e e e
b |
il
N 4.00 ——
3.00 — —
g =
¢ 200 —
“ . V
? 100
0.00 v — y 1
cpuset2 cpuset4d cpuset8 cpuset® cpuset32
Processors

Fig 4. Speed Up of Parallel Cpan B&B

7 Conclusions

I. The technique of Branch & Bound as a High Level Parallel Composition or CPAN

has been implemented.

to

Bound has been demonstrated.

3. With the model of the Cpan Branch & Bound we have been able to olfer an opti-

mal solution of a TSP NP-Complete problem.

4. The CPANS Pipe, Farm, TreeDV and Farm-Branch-&-Bound constitute the library

of classes of the Cpans.

The utility of the library of CPANS proposed in [10] which serves to make compo-
sitions of CPANS and to definc new CPANS modecls as in the Cpan Branch &
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Abstract. The retina has many desirable characteristics as the basis of
authentication. Retinal blood vessel patterns are known to be very distinctive,
even between identical twins. The blood vessel structure is very stable over
time, well shiclded from outside environmental impacts, and belicved to be
difficult to spoof. Retinal Identification seeks to identify a person by comparing
images of the blood vessek in the back of the cye. the retinal vasculature. This
method takes advantage of the fact that of all human physiological features, the
retinal image is the best identitying characteristic. This article describes a fast,
elicient and awtomatic algorithm for segmenting retinal blood vessels and for
extracting vascular landmarks from these vessels as a unique representation
used for biometrical applications. The proposed segmentation method is based
on the sccond local entropy and on the gray-level co-occurrence matrix
(GLCM). The algorithm is designed to have flexibility in the definition of the
blood vessel contours. Using information from the GLCM, a statistic feature is
calculated to act as a threshold value. After the segimentation stage, a
morphological thinning process is applied and the landmarks are detected and
their attributes are extracted. Finally the “eye print” representation  is
constructed using this salient features. The results obtained show the
cffectiveness and accuracy of the proposed method to detect and extract
information from a retinal fundus images. The clapsed time for the proposed
scgmentation method is 3.2 seconds,

Keywords: Biometric identification: Retinal recognition: Retinal vessel tree;
Bifurcation and ending points; Image segmentation; Co-occurrence matrix:
Entropy thresholding.

1 Introduction

The terms Biometrie” and "Biometry” have been used since carly in the 20th century
referring 1o the field of development of statistical and mathematical methods
applicable to data analysis problems in the biological sciences [1]. For a layman, it

O M. Martinez, A. Alarcon (Eds.) Received JH,’(N"I 0
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could be said that Biometry is the science of measuring physical and/or behavioral
characteristics that are unique to cach individual and could be used to verify that an
individual is who he or she claims to be. Since these characieristics arc unique to cach
individual. biometrics are believed to effectively combat theft and fraud in a wide
varicty of industries and applications. Notably. the recent advances ol information
technology and the increasing requirement for sccurity have led to a rapid
development of intelligent personal identification system based on biometrics [12].

The retina has many desirable characteristics as the basis of authentication. Retinal
blood vessel patterns arc known to be very distinctive [2]. even between identical
twins [3]. The blood vessel structure is very stable over time, well shiclded from
outside environmental impacts. and believed to be difficult to spool [6]. Retina-based
identification has long been perceived as a robust biometric solution but very few
practical applications or commercially viable products have been demonstrated.
lHowever, it suffered from a human interface perceived as intrusive and unfriendly.
The genesis of the retinal identification technology lies in the medical imaging ficld.
Retinal imaging devices and automated diagnostic tools were developed for a range off
retinal disease states. This led to an understanding of imaging the retinal blood vessel
network and an interest in developing automated tools for its analysis [9].

2 Retinal blood vessels as a biometric

Retinal identification (R1) is an automatic method that provides true identification of
persons by acquiring an internal body image. the retina of a willing person, who must
cooperate in a way that would be difficult to counterfeit [6]. Awarencss of the
uniquencss of the retinal vascular pattern dates back to 1935 when two
ophthalmologists, Drs. Carlcton Simon and Isodore Goldstein, while studying cye
disease. noted that cvery eye has its own totally unique pattern of blood vessels. They
subsequently published a paper on the use of retinal photographs for identifying
people bascd on blood vessel patterns [2]. Later in the 1950s, their conclusions were
supported by Dr. Paul Tower in the course of his study of identical twins. te noted
that. of any two persons, identical twins would be the most likely to have similar
retinal vascular patterns. [owever, Tower's study showed that of all the factors
compared between twins, retinal vascular patterns showed the least similarities [3].

Fig. 1. Retinal blood vessels appearance.
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2.1 Retinal Blood Vessels Characteristics

It is the blood vessel pattern in the retina (Figure 1) that forms the foundation for the
science and technology of the R1 [6]. This method takes advantage of the fact that of
all human physiological features. the retinal image is the best identifying
characteristic [5]. Because of the complex structure of the vessels that supply the
retina with blood. cach person's retina and also cach person’s eye is unique.

The blood vessels of the vascular network of the retina have the following
characteristics:

a) Uniqueness. 1t is uniquc in:
® The number of major blood vessels that are located in the arca of the optic nerve
[5]. [9]. [25]. The biometric systems that detect a vascular pattern of an
individual’s retina to identify it use the vascular structure outside of the optic disc
because it was thought that only this arca of the retina contained enough
information to distinguish one individual from another [7).
® The relative angle of these major blood vessels as they emerge from the optic disc.
The central retinal artery and vein can be seen to bifurcate rapidly at the optic disc
[9].
® The branching characteristics of the blood vessels. Among all features. bifurcation
points are the most reliable and abundant fcatures in the fundus images. It has
been suggested that non-equilibrium Laplacian process could be involved in
retinal angiogenesis and that fluctuations in the distribution of embryonic cell-free
spaces provides the randomness needed for fractal behavior and for the uniqueness
of cach individual’s retinal vascular pattern [9].
® The position and size of the optic disc. The optic disc, seen as the bright spots in
Figure 1. is the point where the optic nerve breaks out into the retina. This disc is
approximately 15.5°£1.1° nasals and 1.5° + 0.9° superior to the fovea [32].
® The pigments or coloring patterns of the retina and of the retinal vasculature.
® The infinite variability that exists with respect Lo certain anatomical landmarks of
the retinal vasculature [4]. Its detailed final structure is mostly stochastic and thus
its uniqueness stands of reasons [8).
Also, the retinal image has somc other characteristics that place it as the best
biometric identification option.
b) Permanence. The retinal image does not change significantly with time. Other than
cases ol significant trauma, pathology, or biochemical interference, spontancous adult
ocular vasculogenesis and angiogenesis usually do not occur [8]. Age or discase may
change the characteristics of the eye blood vessels, but not their position in the retina
[1n].
¢) Reliability. 1t is impossible to counterfeit the retinal image. The fine. multi-surface
structure ol the ocular vessels makes them hard to reproduce as a physical artitact [8].
Fraud-proof, that is, it is virtually impossible to replicate the image produced by a
human retina for unauthorized access to computer networks, medical records or
physical facilities [10]. Moreover, imaging the retinal vasculature may be done to the
eyes of living persons. Therefore, by accurately recording and analyzing the
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configuration of the blood vesscls, the subject can be positively being identified.
Since the configuration of retinal blood vessels of an eye can not be falsified or
altered. it offers an incredibly, accurate, inalterability. and unchanging characteristic
of the subject [4].

d) Universality. A holangiotic eye is an eye having vasculature on the ocular fundus,
with the vasculature entering the cye. primarily, through the optic nerve head.
Humans., as well as virtually all domestic animal species and many game animal
species, including deer and eIk, have holangiotic cyes. Bascd on this, it is possible to
identify an individual using the image that is acquired of an eye ol the animal (human
or non-human) and the retinal vasculature is extracted from that image [4]. In humans,
the retinal vasculature disappears within scconds of the cessation of life, thereby
insuring that the captured image was obtained from a living subject.

e) Safety. The eye shares the same stable enviromment as the brain and among
physical features unique to individuals: none is more stable than the retinal vascular
paltern. Becauase of its internal location, the retina is protected from variations caused
by capusute to the external environment (as in the case of fingerprints, palm prints,
elc.).

/) Representative. By largeting common structures such as the optic disc and the
retinal vascular branches, a consistent source of readily identifiable, yet contrasting
structures are available for digital imaging and processing.

g) Certainty. Unlike passwords, a retina cannot be forgotien; unlike plastic cards, a
retina cannot be lost or loaned by someone ¢lse.

The majority of the disadvantages that owns the biomctric identification based on
the vascular network ol the retina are inherent to the user interlace.

As mention before, retinal based recognition for personal identification has
desirable propertics such as uniqueness, stability, permanence, ete. However, rescarch
on retinal vessel structure for biometric applications, has not revealed its full
potential. Retinal vessel structure has extraordinary structures and provides many
interlacing characteristics, which are unique for each peison, so it will be onc of the
most reliable and accurate biometric [12).

3 The proposed method

As depicted in Figure 2 the proposed method is composed of 3 main processing
staees: 1) a pre-processing step, 2) a main process step, and 3) a post-processing step.
The pre-processing step consists of the following 3 stages: a) green-color band
selection. b) mask generation, and ¢) image enhancement for vessel network
detection. The main process consists ol 4 stages: a) co-occurrcnce  matrix
computation, b) vessel segmentation by the second entropy thresholding technique. ¢)
moiphological thinning, and d) landmarks detection. Finally, the post-processing step
contains 2 stages: a) pruaing and b) landmark attributes estimation.
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Fig. 2 a) Block diagram of the proposed method: a) Pre-processing step, b) Main process stage.
and ¢) post-processing step.

3.1 Green color band selection

A gray-level image is produced by extracting the green layer of the original RGB
image. The green component of color image gives the blood vesscls on a highly
contrasted background (dark blood vessels on a bright background). tlence, the green
channel of image is employed in the retinal vasculature detection [12].

3.2 Mask generation

Mask generation aims at labeling pixcls belonging to the fundus Region of Interest

(RO1) in the entire image [31]. Pixcls outside that RO! are those belonging to the dark
surrounding region in the image.

3.3 Image enhancement

Denoising, correction of the brightness and contrast enhancement are applied in this
pre-processing step [13]. Therefore, the proposed enhancement method detects
vessels using the knowledge of their known gray level profile and the conceplt of the
matched (ilter detection, which is used to deteet piccewise linear scgments of blood
vessels in retinal images.

3.3.1 Bell-Shaped Gaussiun Matcher Filter (BSGMF)

It can be noted that the retinal vessels can be represented by piccenise linear
scgiments with Gaussian-shaped cross sections. A matched [ilter is constructed for the
detection of the vessel edge segments searching in all possible directions. A Bell-
Shaped Gaussian matehed filter (BSGMIE) was developed to cover all 12 orientations
where designed kernel was given by Eq. | [16].

K(x,y)=%exp ---'.—77—':—~ (Eq. 1)



With the tail truncated at x° -i-_\’2 =3s *. The application of this mecthod enhances

individual vessels segments in the image. A proper thresholding scheme must be used
to distinguish between the enhanced vessel segments and the background.

3.4 Computation of the co-occurrence matrix

A co-occurrence matrix of an image is an L x L square matrix, denoted by W =
[#,]L »1. whose clements are specified by the numbers of transitions between all pairs
of gray-levels in G ={0. I,.. .. L -1} in a particular way [33], [34]. Each entry in the
matrix f, gives the number of times the pixel gray-level j follows the gray-level i in

some pattern [17]. [18].

3.4.1 Quadrants of the co-occurrence matrix

Let 7 be a value used to threshold a gray-level image. It partitions a co-occurrence
matrix into four quadrants, namely, A, B, C and D. We assumc that pixels with levels
above the threshold are assigned to the foreground (corresponding to vessels), and
those equal to or below the threshold are assigned to the background. Then, quadrants
A and C correspond to local transitions within foreground and background,
respectively, whereas quadrants B and D are joint quadrants which represent joint
transitions across boundaries between background and foreground. The probabilities
of the gray-level transition within cach particular quadrant can be by the so called
‘cell probabilitics’ (Eq. 2):

T

=— (Eq.2)

f
I

3.5 Blood vessel segmentation

The objective of retinal vessel segmentation is to decide which part of the image
belongs to the foreground (which is of our interest for extracting features for
recognition and identification), and which part belongs to the background (which is
the noisy arca around the boundary of the image) [14]. Reliable vessel extraction is a
pre-requisite for subsequent retinal image analysis and processing because vessels are
the predominant and most stable structures appearing in image [12]. Accurate
segmentation of retinal images influences dircctly the performance of minutiae
extraction. Il more background arcas are included in the segmented retinal image,
more [alse features are introduced; if some parts of the foreground are excluded,
useful feature points may be missed [14]. The first step of 2-D segmentation is to
build the 2-D histogram, which can be commonly established by using the gray-level
co-occurrence matrix [19].
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3.5.1 Gry-level co-occurrence matrix used for relative entropic thresholding

Relative entropy has been used to measure the information distance between two
information sources. The smaller the relative entropy is, the closer the two sources are

in terms of their probability distributions. The transition probabilities defined by the

CO-occurrence matrix contain the spatial information th

at reflects homogeneity of
local gray-

level transitions in quadrants A and C, and joint gray-level transitions
across boundaries in joint quadrants B and D [20).[21].
Let the sccond-order relative entropy of the gray-

{ ']l.—l.l.—l ﬂnd {h.‘ ]l»l,! [ bc dcﬁncd by:

" J,:u,,:n TR

J ({pﬂ 1;4{[1"’ }: =i ’21‘ P, log-::—':- (Eq. 3)

=0 4=

level transition probabilities

Where pj; are the transition probabilitics from gray level i to gray level j of the
original image and h; is the transition probability generated by the thresholded
binary image in response to pij- Using Eq. 3 as a thresholding criterion to minimize

J(ip,}i ! 7,}) over ¢ generally renders the thresholded binary image that best
matches the original image.

3.5.2 Local Relative Entropy (LRE) thresholding

If we define p =__L. . and normalize the probabilities in the local quadrants A
wl bt (,): +l:o)
and C, then we get:
JiwC P WY=Hop), (0= Y p . logh (Eq. 4)
Where
Hyory =="3  p  logp,, (Eq. 5)
o nR_l

is the entropy of local quadrants A and C in the co-occurrence matrix W, The second
term in Eq. 5 can be (urther reduced to:

Pl’ {I' Pl ( ‘I’
' ) ' =——delopg] - ol (E . 6)
) Z:,, v logh, P, +P. 0°(F+I’. ] P, +F. (L’[P' +F 1
Substituting Eq. 6 into Eq. 4 results in:

PI ql Pl q'
1 N =l oy L b ——log| ——— (Eq.7)
S (1P w goh)" = T e )[r';m' %[l';ﬂt'] Y (r'w' ]] s
The LRE thresholding method aims to find a threshold value fge that

S w i D! A et
minimizes J, . (1P -}3 A7), thatis:

[, =arg {min Jyne ({pw . 1:1:_: )} (Eq. 8)

1€l
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3.6 DRIVE database

In this paper we used the images included in the well-known DRIVE database
(http:/www.isi.uu.nl'Rescarch/Databases) to implement the proposed segmentation
method and 1o assess its performance. The DRIVE database contains 40 color retinal
images of size 565 x 584 pixels. The images have been divided into 2 sets, a training
set and a test sct. Each one contains 20 color retina images. Each set also contains the
corresponding scgmented images, which were graded by two experts. resulting in scts
A and B.

Thieshold .
D)) €)

Fig. 3. Steps of the segmentation process for a typical image.

Figure 3 illustrates the results of cach step of the pre-processing stage. In figure 3
b) the green color band extracted from the figure 3 a) is shown. The enhanced vesscl
after applying the BSGMF is presented in figure 3 c). Figure 3 d) illustrates the
corresponding co-occurrence matrix and the threshold value obtained for this image
depicted as a red cross overlapped in the co-occurrence matrix. Finally, in figure 3 ¢)
the segmented blood vessels using the 2™ local entropy thresholding method is
presented. The experimental results show that the proposed scgmentation method
performs well in extracting vessels, achieving the highest score from all the methods
that where compared. There are several parameters of the algorithm that have effects
in the performance of the vessel segmentation method. The most significant
parameter is the thresholding value. Since the proposed segmentation method obtains
automatically this value for cach image, it is not nccessary to establish a range of
thresholding values, and also. it is not necessary the interaction of the user that adjust
this value depending on the image case.

3.7 Feature extraction

There are two types of features used for biometric coding, i.e., block features and
point wisc features [14]. The American National Standards Institute-National Institute
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of Standard and Technology (ANSI-NIST) proposed a minutiae-based biometric
representation. It includes minutiae location and orientation. Minutia orientation is
defined as the direction of the underlying segment at the minutia location. Retinal
vessel landmarks are bifurcation, crossings and ending points. Among these features.
bifurcations are the most reliable and abundant feature in fundus images [22]. The
retinal bifurcations and ending points are unique for each individual and therefore
they are useful for a successive process of personal identification [13).

3.7.1.1. Extracting vasculature skeleton image of vessel structure

As can be scen in figure 4 ¢), the width of the extracted blood vessels is not the same
for the entire vasculature. To overcome this. retinal vessel thinning is usually
implemented via morphological operation which reduces the width of vessels to a
single pixel width line while preserving the extent and conncctivity of the original

shape. After the skeleton of the retinal image is computed. extracting the minutiae
from the one-pixcl-wide vessel tree is a trivial task.

3.‘7.2._ Minutiae detection

Minutiae detection in a retinal vessel skeleton is implemented by scanning the thinned

vasculature and counting the crossing number (cn) between veins and arteries [14).
The ¢n can be defined as follows:

I X
en(P) — le'ul(ﬁmm)-val(l’,_l)l (Eq.9)
=1

Where Py, P,,..., P7 are neighbors of p, val(p) € (0.1).

Based on the calculated cross number ¢ it is possible to classify the point according
to the following (Table 1):

Table L. Classification of landmarks acconding to the ¢n value.

ifen =1,itisan

Ending points as vascular landmarks is defined by one connection of the
ending point

pixel with its eight connected neighbors.

Cen =2 tsan A segment is a vessel between 2 successive points of bifurcation or
inne;'poin! between a bifurcation and an ending point. Generally, the continuous

blood vessel without vascular landmarks has two connections of its cight

connected neighbors [32].
ifen =3,itisa

bilksycatlss Bilurcations consist of a center location that is met by three blood vessel
point branches [32].

A crossing is an image point which is the intersection of four line
iten =4, itisa segments. Cmssings of vessel segments are, I.'or practical purposes.
crossover point alwuys_ between a vein apd an artery (i.e., crossing Pclwccn arteries and

arteries or between veins and veins are, for practical purposes, non-
existent).
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3.8. Pruning

Although there are a lot of minutiae detection algorithms available in the literature,
minutiac detection accuracy can not recach 100%. In this work it is used a set of simple
heuristic rules to climinate false minutiae.

3.9. Minutiae attribute estimation

As stated before, most common features in biometric applications are minutiae. A

retinal image is pre-processed and minutiae of the vascular tree are extracted and

coded using their attributes like location and orientation of the vessel they are located

on. Then. a list or a graph of minutiae is formed. For cach dctected minutiae, the

following parameters are recorded:

1) Location attributes: x-coordinate, y-coordinate.

2) Angular attributes: Oricntation, which is defined as the local vessel orientation of
the associated vessel.

3) The minutiae type, i.c., bifurcation point (1) or ending point (2).

The machine representation of a biometric is critical to the success of the matching

algorithm. A minimal representation of a processed retinal image is a set {(x; »i. 7))}

of minutiae, i.c., a set of points (x;, y;) expressed in some coordinate systems with a

vessel direction at this point ?;.

4 Experimental results

Figure 4 shows the results of the minutiac attribute estimation stage illustrated for
cach kind of minutia. In figure 4a) the location of the final detected bifurcation points
is indicated using magenta square overlapped to the skelettonized vesscl tree, and the
corresponding orientation of its three connected scgment vessels that conform the
bifurcation are indicated using a red line going from the center of the bifurcation point
through its three surrounding branches. In figure 4b) the position of the cnding points
are indicated using bluc circles overlapped to the one-pixel-wide vessel tree, and its
corresponding orientation are also presented using a red line overlapped to the ending
neighbor vessel. Finally, the figure 4c) illustrates the cloud of the entire vascular
landmarks and its estimated attributes using the same color code described before for
each kind of landmark and for the corresponding orientation attribute.

kmling Ledmg
et

Bljnm(iun Fading
e hesnh

lirsnch 3

c)

Fig. 4 Landmarks attribute detected in a zoomed zone for a particular minutiac point.
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Finally, the characteristic vector can be constructed using all this information, i.c., the
landmark position (x, ), the angular landmark attribute (branch orientation) and

landmark type (bifurcation point or ending point). All this information integrates the
representation used in biometric applications.

4.1. Execution time

IHow fast the system takes a decision about the claimed identity is of course an
important paramcter of a biometric system. For this rcason, in this work we also
analyze the time that the proposed algorithm takes for complete the blood vesscl
segmentation and the vascular landmarks extraction. On a Pentium (R) Dual-Core
T4200 @ 2GHz and 4 GB of internal memory, and with a MATLAB 7.4.0 (R2007a)

implementation, it takes in an image of size 565x584 pixels, an average of 4 seconds
to obtain the “eye print” from the retinal input image.

5 Conclusions

In this paper it is presented a fast, efficient and automatic minutiac-based algorithm
for segmenting retinal vessel tree and extracting its vascular landmarks to use this

information as a unique feature for biometrical applications. The proposed method
consists of threec main steps.

For the pre-processing step we can conclude that:

a) The extraction of the green color band let us to process more efficiently the
information contained in the image and thus reduces the noise cffects. The
required time is also reduced because only one band is processed.

b) The mask gencration stage uscs a thresholding with a free parameter
empirically chosen such that pixels with intensity value above that threshold
are considered to belong to the Region of Interest (ROI). The threshold is
applied to the selected green color band of the image.

¢) Image denoising, correction of uneven illumination and contrast enhancement
are neceded before applying the vessel scgmentation method for landmarks
extraction. Uneven illumination (also called shading) is presented in retinal
images and must be suppressed in order to achieve more accuratc scgmentation
of the blood vessels. Normalization, correction of the brightness and contrast
cnhancement are applied in this preprocessing step. Higher contrast between
background and vesscls in the image, and the small bright noise is removed
while most of the capillarics arc preserved.

For the main processing step the conclusions are:

d) The co-occurrence matrix computation gives a powerful tool to obtain an
automatic threshold value to segment the vessel tree depending only on the
information contained in the image.

¢) Accurate segmentation of retinal images influences directly the pertormance of
minutiae extraction. If more background areas are included in the segmented
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retinal image, morc false featurcs are introduced; if some parts of the
foreground are excluded, uscful feature points may be missed. The method is
non-supervised, fast and offers high segmentation accuracy.

f) It is usually desirable to reduce the images to thin rcpresentations located
along the approximated middle of the original curve or line. Thinning is the
process of reducing a shape to its core components while retaining the
csscntial features of the original object.

g) For the landmarks extraction stage and based on the skeleton image it is
possible to extract the retinal vessel landmarks, exploiting the skeleton unitary
depth. Using a window of 3 x 3 with 8 neighbor pixcls to the central pixel, it is
calculated the cross number around the central point.

And. for the post-processing step it is possible to conclude that:

h) The presence of undesired segment and broken vessels present in a thinned
vessel tree may Icad to detect many false positive minutiac. Therefore some
heuristics rules are used to pre-process the vascular tree.

i) For each kind of minutia some attributes are estimated. These are: landmark
position, orientation and type. Using these features it is possible to create the

retinal feature vector.

The average time required to secgment and cxtracts the vascular landmarks
information is 4 seconds. Based on these results we consider that our method offers a
good alternative for biometrics applications where the time of analysis plays an

important role.
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Abstract. In this paper. we propose the implementation of the algorithm of
particle swarm optimization to the mobile platform, with its limitations even in
our day is a new way to launch applications with bio-inspired techniques for
this type of platform. The particle swarm optimization (PSQ) proposed by
Kennedy and Eberhart in 1995, is discussed in a numerical optimization of a
three benchmark functions taken trom the literature. PSO is motivated by social
behavior to organisms. such as meetings among birds or fish, Each particle

consists of three main parts, its speed, cognitive knowledge and social
knowlcdge.

Keywords: Particle Swarm Optimization; Mobile device: JAVA,

1 Introduction

The optimization in the sense of finding the best solution. or at least a good enough
solution for a problem is a field of vital importance in real life. We are constantly
solving small problems of optimization, such as the shortest way to get from one
place to another. the organization of a book. etc.. In general they are small enough and
can be resolved without recourse to external elements to our brain. But as they get
larger and more complex. the use of computers to its resolution is unavoidable.

Due the great importance optimization problems over the history computing. have
developed multiple methods try to solve them. Around the seventies came a class of
algorithms are not accurate, whose basic idea was combine different heuristics to a
higher level to get an exploration of the search space efficiently and effectively. These
techniques have been called metaheuristics.

From the different descriptions of metaheuristics which are found in the literature

can be rankings were certain fundamental properties that characterize this type
method:

® The metaheuristic are templates by general strategies or "guide" the search

process.
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e The goal is an exploration of the search space efficiently to find solutions
(almost) optimal.

e The metaheuristic algorithms are not exact and are generally
nondeterministic.

e They may incorporate mechanisms to avoid areas of non-optimal search
space.

e The basic layout any metaheuristic is general and not dependent on the
problem to be solved.

e The functions used in metaheuristics is goodness (fitness functions) to
quantify the appropriateness of a particular solution

Summarizing these points, a metaheuristic is a high-level strategy that uses
different methods to explore the search space.

With the dramatic increase and sophistication of mobile devices such as cell
phones. also comes the demand for applications that run on them, corporations want
to expand consumer devices for mobile communications devices for voice
communications applications traditionally found on laptops and PC's.

Developers. handset manufacturers. are eager to fill this need, however there is a
serious difficulty. mobile communications devices use different application platforms
and operating systems, in addition to the various virtual machines which do not have
all the libraries in J2SE (Java 2 Standard Edition).

An application that runs on a device hardly runs in another. Mobile devices lack a
standard application platform and the same operating system. which causes the
development of applications for mobile devices. is a tinancial risk for developers.

The lack of standards is nothing new to the area of computer technology or any
new development. Traditionally, hardware device manufacturers try to force the
market to accept its standards. Owners of as standards in the industry. other times.
industry leaders formed a consortium, such as Java Community Process Program. to
collectively define a standard [ 1].

The J2ME architecture is oriented to small devices and embedded systems such as
mobile phones, PDAs. Pockets. etc. In order have a J2ME runtinme environment that
meets the requirements of a wide range of devices and target markets is required to be
made to Figure 1:

—

Confizuration

Prd-fi.l-cs

Optional [

Packages

e

JE—

Fig. 1. Mobile Device Architecture.

The settings consist of a virtual machine and a minimal set of function libraries.

Provide basic functionality for a set of devices that share similar characteristics, such

as memory management or network connectivity, There are two types of

configurations such as CLDC devices aimed at processing and memory constraints,
and the CDC focused on devices with more resources.
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To form a complete runtime environment targeted to a category of devices. the
settings have to be combined with a set of APIs to a higher level. called profiles.
which go a step further in defining the life cycle model of applications, user interface
and access to specific properties of the devices. At present there are four profiles:
MIDP (Mobile Information Device Profile). FP (Foundation Profile). PP (Personal
Profile) and PBP (Personal Basis Profile) [2].

Regarding J2ME optional packages can be extended by combining various optional
packages with CLDC and CDC along with their profiles. These packages were
created to meet specific requirements and offer a set of standard APIs for using both
existing and emerging technologies such as Bluetooth. Web services. wireless
messaging, multimedia capabilities and connectivity to databases. Because they are
modular. manufacturers can incorporate according needed to improve the features
supported.

There are two versions of MIDP: 1.0 and 2.0. In MIDP. often uses the term to refer
a Midlet application that supports the profile. For distribution, one or more MIDlets
are grouped in bundles called suites, which consist of a file format Jar and an optional
descriptor Jad [3]. this is shown in Figure 2.

............................................................................

MIDlet Suite JAR

: Manifest

MIDlet-1: Classes and resources :

MIDlet-1: Classes and resources

MDlet-n: Classes andrasources :

seecesscssecesnsnasassn s srsesnEnnER e

cssssnee

Desamptor (JAD) Common classes and i esou ces

~ Fig. 2. Structure of a MIDlet suite,
The active state of a MIDlet is when the application is running. State is destroyed

when the application terminates and frees the memory required. The paused state

occurs when the application stops for a particular event or has not been activated yet,
when it created [4]. this is shown in Figure 3.

\iwia ale sipies s 3 —\
{ E4) EL L o Destroyed
T State
;
L. -
LS /
pertadyn ) o Sty b 7
l\\ A y .'-\h‘-.-'lll: '
W\ R
.

Fig. 3. Life cycle of a MIDlet.
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2 Particle Swarm Optimization (PSO)

PSO is a stochastic global optimization method which is based on simulation of social
behavior. As in GA and ES. PSO exploits a population of potential solutions to probe
the search space. In contrast to the aforementioned methods in PSO no operators
inspircd by natural evolution are applied to extract a new generation of candidate
solutions. Instead of mutation PSO relies on the exchange of information between
individuals. called particles. of the population, called swarm. In effect. each particle
adjusts its trajectory towards its own previous best position. and towards the best
previous position attained by any member of its neighborhood [S]. In the global
variant of PSO. the whole swarm is considered as the neighborhood. Thus, global
sharing of information takes place and particles profit from the discoveries and
previous experience of all other companions during the scarch for promising regions
of the landscape. To visualize the operation of the method consider the case of the
single objective minimization case: promising regions in this case possess lower
function values compared to others. visited previously.

Several variants of PSO have been proposed up to date. following Eberhart and
Keanedy who were the first to introduce this method [6]. [7]. [8]. The variants which
were applicd in our experiments arc exposed in the following paragraphs.

Table | shows a number of terms used in the traditional PSO algorithm.

Table 1. Terms ol PSO algorithm.

Term Description

Particle / Agent An individual of the swarm

Location / Position Coordinates of an agent in  N-dimensional  space
represents a solution to the problem

Swarm A whole collcction of agents / A population of
individuals ..

Fitess A number that indicates the quality of a given solution
(represented by a location in the solution spacc)

pbest (Personal best) [t is the best location obtained by a given agent during
the process

gbest (Global best) It is the best location in all the particle swarm

Initially. let us de ne the notation adopted in this paper: assuming that the search
space is D dimensional, the i-th particle of the swarm is represented by a
D dimensional vector X, = (x,,,X,,,...,%;,) and thc best particle of the swarm, i.e.
the particle with the lowest function value. is denoted by index g . The best previous
position (i.e. the position corresponding to the best function value) of the i-th particle
is recorded and represented as P = (p,,, p,ys.es Pp )+ and the position change
(velocity) of the i-th particle is V, = (v;,,v,,....,v,,) -

The particles are manipulated according to the following equations (the
superscripts denote the iteration):

yr = y(wl’,‘ +crand), ()(P' - X} )+ cyrand,y ( )(if -X! )) (1)
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X=X +p, (2)

where i=1,2,...,N.and N is the size of the population: ¥ is a constriction
Jactor which is used to control and constrict velocities: @ is the inertia weight. c,

and ¢, are two positive constants, called the cognitive and social parameter

respectively: rand, ()ril and rand,, () are random numbers uniformly distributed
within the range [0,1]. Eq. (1) is used to determine the i-th particle’s new velocity. at
each iteration, while Eq. (2) provides the new position of the i-th particle.
new velocity. to its current position. The performance of each particle is measured
according to a fitness function. which is problem dependent. In optimization
problems, the fitness function is usually identical with the objective function under
consideration.
The update of a particle in general is illustrated in Figure 4.

adding its

VY o
\\
™

A

Fig. 4. Update particle.

The role of the inertia weight @ is considered important for the PSO's
convergence behavior., The inertia weight is cmployed to control the
previous history of velocitics on the current velocity. Thus.
regulates the tradeoff between the global (wide ranging) and the local (nearby)
exploration abilitics of the swarm. A large inertia weight fucilitutes exploration
(searching new areas). while a small one tends to facilitate exploitation. i.e. fine
tuning the current search area. A proper value for the inertia weight @ provides
balance between the global and local exploration ability of the swarm. and. thus
results in better solutions. Experimental results imply that it is preferabls to initially
set the inertia to a large value. to promote global cxploration of the search space. and
gradually decrease it to obtain refined solutions [9]. The initial population can be
generated either randomly or by using a Sobol sequence generator [ 10]. which ensures
that the D-dimensional vectors will be uniformly distributed within the search space.

The PSO technique has proven to be very efficient for solving real valued global
unconstrained optimization problems [11][12]. In the next scction experimental
results of the performance of PSO in mobile device.

impact of the
the parameter @
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3 Experiment

Three numerical optimization problems were chosen to compare the relative
performance of PSO algorithm in a mobile device. These functions are standard
functions of all test patterns and minimization problems.

3.1 Functions

The functions are unimodal. All functions are designed to have global minimum near

the origin.
The first test function is the function given by equation Sphere:

A=
-100< v, <100
min(/;)= £,(0...0)=0

3)

x is a real vector of dimension n and x, is the i-th element in the vector. The
results of optimizing the function (3). PSO heuristics are shown in Table 2.

Table 2 Results from the function (3).

Iterations Particles - Velocity - Variables Fitness
500 ) 50 4 10 6.15
400 100 - 4 10 2.88
300 50 4 10 2.03
300 30 4 10 3.19
200 100 4 10 5.43

The second function is Schwefel's problem, given by the equation:

Si()=2lx] + Tl
i=l
~10<x, <10

i=l
min(/,)= /(0...0)=0
The results of optimizing the function (4). PSO heuristics are shown in Table 3.

O]

Table 3 Results from the function (4).

[terations Particles Velocity Variables Fitness
400 30 I 10 1.26
300 50 I 10 1.15
300 30 I 10 1.27
250 50 | 10 1.25
200 30 | 10 1.49

The third function is Step, given by equation:
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£(0)=3(x, +05)F

i=l

-100<x, <100 ®)
min(/;)= £(0...0)=0
The results of optimizing the function (5). PSO heuristics are shown in Table 4.

Table 4 Results from the function (5).

Iterations Puarticles Velocity Variables Fitness
600 20 4 10 0.0
500 20 4 10 0.0
450 20 4 10 0.0
400 20 4 10 3.0
350 20 4 10 3.0

3.2 PSO Simulator

The PSO was programmed in the Java language in its version J2ME for
programming with IDE I use Netbeans 6.8 and Sun Java Wireless Toolkit 2.5.2 for

CLDC, the first tests were in a simulator on a PC. these performances are shown in
Figure 5.
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=i N

- f .
v T ) . O St 2

el :’a : - Ael
Cordrm &0 howw s, alaiot ov) Commidnt beshon PAre Putaade’ 1rin ol e 21TV S
AR R S R ST TR

P loeLar areues kb’ 14
LR o v AL LTS A
o AL w8 e AL 0 e
O] LA ™ I P
bl 5 P

(e - ' AT ey
i

Fig. 5. a) Home Screen Simulator, b) Results Screen Simulator.
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2.1 PSO Mobile Devices

To run on mobile devices requires that the device has JAVA support. the tests
presented here in two phones. a Nokia brand. model N91. the other brand W760i
SONY ERIKSSON. executions shown in Figures 6 and 7.

- h)
Fig. 6. a) Start Screen in Nokia N91. b) Results Screen in Nokia NOI.

3
o - i
Conteq dy lavesiighels
.lC.nhm . "
- 1 el

Fig. 7. a) Start Screen in Sony Ericsson w760i. b) Results Screen in Sony Ericsson
w760i.
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4 Conclusions

In this paper, it was possible the analysis of three well-known problems in the
literature. The results showed that with PSO optimized mobile devices
programmatically gives very good results to minimize such functions. which have
been tested with other techniques such as bio-inspired Differential Evolution.

The implementation of bio-inspired techniques to a new platform such as mobile
devices opens a further step in the investigation. For many years the technology has
advanced so amazing. just look around us to realize, before he took on a Palm. pocket.
and mobile phone was to please a taste. now cover human needs. Support multiple
applications. ranging from taking a picture. listening to music. to do complex
numerical computations. important for the realization of this project.

Programming for mobile now has endless barriers. since they do not have all the
benefits of programming language when it is for PC's. talking speci
mobile libraries included. However. there are ways to get the resu

library of programming for that platform. The program was tested on
devices.

fically about the
Its from its own
different mobile
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Abstract. A parametric method to carry out fringe pattern demodulation by
means of Differential Evolution is presented. The phase is approximated by the
parametric estimation of an nth-grade polynomial so that no further unwrapping
is required. On the other hand. a different parametric function can be chosen
according to the prior knowledge of the phase behavior. A difTerential evolution
is codified with the parameters of the function that estimates the phase. A
fitness function is established to evaluate the vectors., which considers: (a) the
closeness between the observed fringes and the recovered fringes, (b) the phase
smoothness, (c) the prior knowledge of the object as its shape and size. The
differential evolution evolves until a fitness average threshold is obtained. The
method can demodulate noisy fringe patterns and even a one-image closed-
fringe pattern successtully.

Keywords: Phase retrieval; Fringe analysis; Optical metrology; DifTerential
Evolution.

1 Introduction

In optical metrology, a fringe pattern (interferogram) can be represented using the
following mathcmatical expression:

[(x,y)= alx,p)+b(x, y)xcos(@,x + @,y +9(x, )+ n(x, y)) 0
where v, y are integer values representing indexes of the pixel location in the fringe
image, a(x,y) is the background illumination, b(x,y) is the amplitude modulation and
is @(x,y) the phase term related to the physical quantity being measured. @, and

@, are the angular carrier frequency in directions x and v. The term p(x, y) is an

additive phase noise. The purposc of any interfcrometric technique is to determine the
phase term, which is related to the physical quantity, being measured. One way to
calculate the phase term @(x, y) is by using the phasc-shifting technique (PST) [1-

5], which needs at least three phase-shifted interferograms. The phase shift among

O M. Martinez, A. Alarcon (Eds.) Received 30/04/10
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interferograms must be known and experimentally controlled. This technique can be
used when mechanical conditions are met throughout the interferometric experiment.

On the other hand, when the <tubility conditions mentioned are not covered, there
arc many techniques to estimate the phase term from a single fringe pattern, such as:
the Fourier methed [6.7]. the Synchronous method [8] and the phasc locked loop
method (PLL) [9]. among others. [owever, these technigues work well only if the
analyzed interferogram has a carrier frequency, a narrow bandwidth and the signal has
low noise. Morcover, these methods fail for phase calevlation of a closed-fringe
pattern. Additionally. the Fourier and Synchronous methods estini> the phase
wrapped because of the arctangent function used in the phase calculation, so an
additional unwrapping process is required. The unwrapping process is difficult when
the fringe pattern includes high amplitude noise, which causcs differences greater
than 2 radians between adjacent pixels [10-12].

Recently, regularization [13 -15] and ncural networks technigues [16,17] have been
uscd to work with fringe patterns, which contain a narrow bandwidth and noise.

In this work, we proposc a techuique to determine the phase @(.x, ), from a fringe
pattemn with a narrow bandwidih and/or noisc, by parametric estimation of a global
non-lincar function instead of local planes in cach site (v,3) as it was proposed in
[13.18]. Difterential Evolution (DE) algorithm is a new heuristic approach mainly
having three advantages; Finding the true global minimum regardless of the initial
parameter values, fast convergence, and using few control parameters. DE algorithm
is a- population bascd algorithm like genetic algorithms using similar operators;
crossover, mutation and sclection. When a noisy closed fringe pattern is demodulated,
ncither a low-pass filter nor a thresholoding operator is required. On the other hand,
regularization techniques need both of them.

2 DE applied to phase recovery

The standard Differential Evolution (DE) algorithm, belonging to the family of
Evolutionary Algorithins, was described by Storn and Price [19].[20]. It is bascd on
cvolution of a population of vectors, which encode potential solutions to the problem
and traverse the fitness lundscape by means of genctic operatois that are supposcd to
bias their evolution towards better solutions. DE is a rclatively new optimisation
technique compared with other more established Evolutionary Algorithms, such as
Genctic Algorithms, Evolutionary Strategy, and Genetic Programming [21].

DE is an optimization algorithm that creates new candidite solutions by combining
the parent vector and several other vectors of the same population. A candidate
replaces the parent only il it has better fitness [21].[22]. DE uscs gencetic operators,
referred to as mutation, crossover and selection. The role of the gencetic operators is to
cnsure that there is sufficient pressure to obtain even better solutions from good ones
(exploitation) and to cover sufficicntly the solution space to maximize the probability
of discovering the global optimum (exploration).

During the initialization of the algorithm, a population of NP vectors, where NP
is the numbcer of vectors, cach of dimension D (Which is the number of decision
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variables in the optimization problem), is randomly gencrated over the feasible search
spacc.

The tringe demodulation problem is difficult to solve when the level of noise
affecting the fringe pattern is clevated, since many solutions are possible cven for a
single noiscless fringe pattern. Besides, the complexity of the problem is increased
when a carrier frequency doces not exist (closed fringes are presented).

Given that for a closed fringe interferogram there are multiple phase functions for
the same pattern, the problem is stated as an ill-posed problem in the Hadamard sensc,
since a unique solution cannot be obtained [22]. It is clear that image of a fringe

pattern [ (x, p) will not change if @(x, y) in Eq. (1) is replaced with another phase
function @(x, v) given by

_ -¢(x,y)+27 (x,y)e R,
#(x.y)= @)

¢lv,y) (x,y)e R
where R is an arbitrary region and 4 is an integer. In thiz work, a DE is presented to
carry out the optimization process, where a parametric estimation of a non-lincar
function is proposcd to fit the phase of a fringe pattern. Then, DE technique fits a
global non-linear function instcad of a local planc to cach pixel just like it is made in
regularization techniques [13,18]. The fitting function is chosen depending on the
prior knowledge of the demodulation problecm as object shape, carrier frequency,
pupil size, cte. When no prior information about the shapc of ¢(x, ) is known, a

polynomial fitting is recommended. In this paper, authors have used a polynomial
fitting to show how the method works.

The purpose in any application of DE is to evolve a population of size NP (which
codifics NP possible solutions to the problem) using mutation. crossover and

sclection of cach vector, with the goal of optimizing a fitness function adequate to the
problem to solve.

In this work, the fitness function U, which is used to evaluate the pth vector a”
in the population, is given by

U (a"’) = aui (Z': {(1_\. (x,») —-cos(cox.\' +@.y+ f (a”,x,y))2

!':I x=l

+ /1\:(_[ (a" , .\',_v) - _/'(a",x - l,y))z 3)

3 (_/‘ ((," , x,y) -f (a",.\‘,y - l)): ]}m (.\‘,y) s

where x, y arc integer values representing indexes of the pixel location in the fringe
image. Superindex p is an integer index value between | and NP, which indicates
the number of vectors in the population. / x (x,_r) is the normalized version of the

dctected irradiance at point (.\‘,_\'). The data were normalized in the range [— 1.‘]- @,

and @ _ arc the angular carricr frequencies in directions x and . The Function
u‘.

/() is the selected fitting tunction to carry out the phase approximation. RXC 18
the image resolution where fringe intensity values arc known and A is a smoothness
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weight factor (it should be clear for the reader that a higher valuc of paramcter A4
implics a smoother function to be fitted). The binary mask m(x, y) is a ficld which
defines the valid arca in the fringe pattern. The paramcter a can be sct to the
maximum value of the sccond term (in negative sum term) at Eq. (3) in the first vector
population, which is given by

o= m;"\x ii (z-i {(I_\. (.\'._v)—cos(a)_‘,x-% a)_‘.y+f(a",x,y))
+ 1[(_/(0",.r, y)=f(a".x-1, y))’ (4)

+ (f(a"..\'. _l') -/ (a”,x, Y- l))z] dm(x,y),

paramcter @ is used to convert the proposal from minimal to maximal optimization
since a fitness function in a DE is considered to be a nonnegative figure of merit and
profit [19].

The first term (in negative sum term) at Eq. (3) attempts to keep the local fringe
model closc to the observed irradiances in least-squares sense. The second term (in
ncgative sum terim) at Eq. (3) is a local discrete difference, which enforces the
assumption of smoothness and continuity of the detected phasc.

At the beginning of a DE, a sct of random solutions arce codified in a vector
population of siz¢ NP . Each vector a is formed by the parameter function vector
(possible solution) and chained string such as:

2

a=la,laa,l... a“.] (3)

Each dimension ¢, is a random real number in a defined scarch range
(min (a, ).max (a,)) (the user defined maximum and minimum of «,). These values
can be initialized using prior knowledge (c.g. in the polynomial case, components x
and y are related to the interferogram tilt so if a closed fringe is preseated, then these
values are near 0). Every dimension is gencrated as:

a;, = random (mm (a,. ), max (a,. )) (6)

Thercfore, the population of DE consists of NP D-dimensional parameter vectors
X, where i=12,.., NP, for cach gencration G .

2.1 Mautation

In the mutation step, a diflcrence between two randomly sclected vectors from the
population is calculated. This difference is multiplicd by a fixed weighting factor, F,
and it is added to a third randomly selected vector from the population, generating the
mutant veetor, V[ - 3].
For each target vector y, ., a mutant vector is produced by;
Vign =X tK '(xri.c; ~ G ) o i .('\-rl.ﬁ - -"rs.r:) (7)

[
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where i e, € {1,2...., NI’} arc randomly choscn and must be different from

cach other. In Equation (7), / is the scaling factor which has an cffect on the
difference vector (x o — % gl 5 B is the combination factor.
= G ro.G

2.2 Crossover

After mutation, the crossover is performed between the vector (X) and the mutant
vector (J7) (Figurc 1), using the scheme in (8) to yield the trial vector (U). The
crossover probability is determined by the crossover constant (CR). and its purpose
is to bring in diversity into the original population [23].

The parent vector is mixed with the mutated vector to produce a trial vector T

Veoacu If (rndj < CR) or j=rn,
i T 3
Qi if (rnd, >CR)or j#rn,
where j=1,2,..,D: rud, c [0,{] is the random number; CR is crossover constant

€ [0,1] and rn, € (1,2,...,D) is the randomly chosen index, which cnsures that

u, ., £¢ts at lcast one parameter from Vo0 L19)

x.vc v‘v‘? u;'f,'

; c_ql=t, S Nt
J_I____ J"l_-‘;;_; J IL by
2 1 R o 1
P ——> |

3 3 \: Crossors 3 i
T T X and Vg l’_*'

4 4|. . 4. &y
Mo e of Rlutant Tral
popuiacion Verlor Ve los

J-L% D 4

Fig. 1. llustration of the crossover process for D=4,

There are different variants that can be used in mutation and crossover. and they
are referred (o as DE/X/y/z, where x specifics the vector to be mutated which currently
can be “rand™ (a raudomly chosen population vector) or “best™ (vector of the lowest
cost from the currcut population); y is the number of diffe

rence veetors used and 2
denotes the crossover scheme [20].

2.3 Sclection

In the last step, called selection, the new vectors (U) replace their predecessors if
they arc closer to the target vector.



Demodulation of a single Interferogram by use a Parametric Method based on... 332

All solutions in the population have the same chance of being sclected as parents
without dependence of their fitness value. The child produced after the mutation and
crossover operations is evaluated. Then, the performance of the child vector and its
parent is compared and the better onc is sclected. If the parent is still better, it is

rctained in the population.
Figure 2 shows DE's process in dctail: the differcnce between two population

members (1,2) is added to a third population member (3). The result (4) is subject to
the crossover with the candidate for replacement (5) to obtain a proposal (6). The
proposal is evaluated and replaces the candidate if it is found to be better.

- ’

Fig. 2. Obtaining a new proposal in DE.

DE has shown to be effective on a large range of classical optimization problems, and
it showed to be more cfficient than techniques such as Simulated Annealing and
Genetic Algorithms [22],[23]. However, its capability of finding thc global optimum
is very sensitive to the choice of the control variable F and CR [24]. Consistently with
related studies [22],[23],[24], the paper highlights an undcsirable behaviour of the
algorithm, i.c., the DE docs not find the global optimum (value to reach - VTR) when
100% of the population is trapped in a basin of attraction of a local optimum.

24 DE convergence

The DE convergence mainly depends on the population size. It should be clear that if
we increase the population size, more vectors will search the global optimum and a
best solution will be found in a minor number of iterations, although the processing

time can be increascd [24].
To stop the DE process, different convergence measures can be employed. In this

paper, we have used a relative comparison between the fitness function valuc of the
best vectors in the population and value a, which is the maximum possible value to
get in Eq. (3). Then, we can establish a relative evaluation of uncertainty to stop the
DE as:
a-U (.at
a

<E, (8)
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where U (a“)is the fitness function value of the best vectors in the population in the

current itcration, and £ is the relative error tolerance. Additionally, we can stop the
process in a specificd number of iterations, if Eq. (9) is not satisficd.

3 Experiment

The parametric method using a DE was applicd to calculate phase from shadow moiré
closed fringe pattern. We used a population size cqual to 100, F is calculatcd by

values of "F_lower" and "F_higher", in the ranges [0.1,0.9]. In cach vector, the

coded cocfficients of a fourth degree polynomial were included. The following
polynomial was coded in cach vector:

p4 (.\‘,y) = al) -+ al.\' + azy + a_‘.rz + GJXy + asyz + ahxl + a.’_\‘zy + aq_\'yz (9)

3 3 3 2 2
ta,y +a,x +a,xy+ a,x y + auxy’ -+ au)f’
so that 15 cocfficients were configured in cach vector inside population to be cvolved.

3.1 Closc fringe pattern

A low contrasted noisy closed fringe pattern was generated in the
following expression:

I(x,y)=127 + 63 cos(P, (v, y) + n(x. »)). (10)

computer using the

where
Py (%, ) ==0.7316x~0.2801y +0.0065x* +0.00036xy — 00372 "
+0.00212x° +0.000272x%y +0.00 Lxy* — 0.002

+0.000012x* +0.00015x"y +0.00023x% . +0.0001 Ly
+0.000086

and r;(.\-, y) is the uniform additive noisc in the range [_ 2”“/[‘";5,z;mlians].
Additionally, the fringe pattern was gencrated with a low resolution of 60 x 60 . In
this case, we use a parameter scarch range of [=1,1]. The population of vectors was
cvolved until the number of iterations and relative crror tolerance £ was 0.05 in Eq.

(9). This condition was achicved in 77s on a AMD Turion X2-2.4 GHz computer. The
fringe pattern and the contour phase ficld of the computer generated interferogram arc

shown in Fig. 3.
L 2 |

(In

)

(a) (b) (c)
Fig. 3. (a) Original fringe pattern, (b) phase field obtained by using DE technique
and (c) phase obtained in 3D.
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The DE technique was used to recover the phase from the fringe pattern. The
fringe pattern and the phasc estimated by DE is shown in Fig. 3. The normalized RMS
error was 0.12 radians and the peak-to-valley error was 0.94 radians. Tests are shown
on Table 1, the best vectors for the testers are shown on Table 2, and worst vectors for
the testers is shown on Table 3.

Table 1. Table of parameters of "F_lower" and "F_higher"

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.l 230602 434E-01  7.79E-01  6.29E-02  1L64E-01  2.24E-02  2.63E-01  3.77E-01  7.58E-0l

0.2 360E-02  480E-02  7.19E-01  9.19E-01 1L.21E+00  1.52E-02  1L28E-03  1L40E-04 9.63E-03
0.3 1L99E-02  4.37E-02  1.08E-03 1.32E-00 1L83E-03  LIZE-04 L3ISE-00  8.28E-03  2.24E+00
0.4 T.00E-01  LO4E-00  LSIE+00  3.62E-01 LSSE-4  9HE-04  LO6IE:00  LY2E-03  2.90E+00
0.5 LO3E-03  281E-01  147E+00  1.6TE+00  3.54E-04  L76E:00 2.12E+00 1.92E+00  1.94E+00
0.6 ZRKE-01  2.02E-01  L44E+00  1L3SE+00  1.46E+00 2.23E+00  LROE+00  2.72E+00  3.14E+00
0.7 3A5E-01 LIVE-00  1YSE+00 117E+00 1.XSE+00 231C:00 2 11E+00 3.29E+00 2.87E+00
03 9.20C-01 L74E+00  L3IE+00 1.91E+00 227E+00  2.02E+00  2.11E+00 2.77E+00 3.79E+00
0.9 1L03E-03  LRIE+00 140E+00 3.09E-03 2.71E+00 3.11E+00  248E100  2.08E+00 3.07E!00

Table 2. Shows of the best vectors

F_lower 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
F_higher 0.5 0.3 0.3 0.9 0.4 0.3 0.2 0.2 0.2

Error LOJE-03  4.37E-02  |LOSE-03  3.09E-03  1.58E-04 1.12E-04  1.28E-03  LJ40E-04  9.63E-03

———
0

A EEEE

N\

Table 3. Shows of the worst vectors

F_lower 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
F_higher 0.8 0.9 0.7 0.8 0.9. 0.9 0.9 0.7 0.8
Error 9.20E-01  L.BYE+00  LYSE+00  1.91E+00  2.71E+00 JIES00  248E:00  3.29E+00  3,79E+00

)

(b) (©)

Fig. 4. Phases: (a) Original, (b) best vector of DE technique and (c) worst vector of
DE technique.
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4 Conclusions

A DE was applicd to rccover the modulating phasc from closed and noisy fringe
pattcrns. A fitness function, which considers the prior knowledge of the object being

tested, is cstablished to approximate the phase data. In this work a fourth degree
polynomial was uscd to fit the phase.

A population of vectors was gencerated to carry out the optimization process. Each
vector was formed by a codified string of polynomial cocfficients. Then, the
population of vectors was cvolved using CR, F, and K.

The DE technique works successfully where other techniques fail (Synchronous
and Fouricr methods). This is the case when a noisy, wide bandwidth and/or closed
fringe pattern is demodulated. Regularization techniques can be used in these cases
but DL technique has the advantage that the cost function docs not depend upon the
existence of derivatives and restrictive requircments of continuity (gradient descent
methods). Since the DE works with a population of possible solutions instead of a
single solution, it avoids falling in a local optimum,. Additionally, no filters and no
thresholding opcrators were required, in contrast with the fringe-follower regularized
phase tracker technique.

The DE has the advantage that if the user knows prior knowledge of the object
shape, then a better suited fitting parametric function can be uscd instead of a general
polynomial function. Additionally, duc to the fact that the DE technique gets the
paramcters of the fitting function, it can be used to interpolate sub-pixel valucs and to
incrcasc the original phasc resolution or interpolate where fringes do not cxist or are
not valid. A drawback is the selection of the optimal initial DG parameters (such as
population size, F, K) that can increase the convergence speed.
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Abstract. A Self-healing infrastructure allows 1o obscive the behavior
of a system. determine its health status, amnd apply measures to restore
the correct state of the application. In recent yeals our work has fo-
cuscd on the design and implementation of Selli-healing architectures.
which support applications based on \Web services (W3S, A previousl
developed architecture adopted a cout ralized appicach regarding to the
topology and control components. As a diagnosis technigue used o sta-
tistical methed based on box-plot diagraims. In this paper we present the
modifications made to the diagnosis module of that Self healing architee-
ture. The proposed change gets an av-bitecture with distributed contiol
components. The diagnosis also adds the use of outolozies and infer-
ence rules that contribute to improving awareness about system health
The results obtained by appls ing new Scll-healing architecture to a dis-
tributed digital library application show a trend towards more precise
diagnosis.

1 Introduction

The development of technology in recent decades has had a najor impact ou hu-
man lilestyle, creating a dependence on systemns that hand': storage. processing
and wanagement of meaningful information in a diversity of arcas, like acadeinic,
industrial and services.

To meel the current needs, systems are more complex and their own main-
tenance and repaiv mechanisms ave very hard (o inplement. It is a requiren it
their permanent availabilily., reliability and salety in heterogencoas coutexts,
which are susceptible to failures or malicious attacks.

The fault tolerance strategies and problom solving by wanagers are no longer
sufficient in highly dynamic environments. New st rategics are needed Lo hang
more avaitable and cfficient services f].

Claiming (o offer a solution to that kind of problews, 13N preseuie Lin 2001,
the Autonomic Computing initiative [2]. inspired by the autonomons finction
ol central nervous system of animal-., adopting four perspectives:

© M. Martinez, A. Alarcon (Eds.) Received 30 0410
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1. Self-configuring. Systems adapting in response to their environment changes,
based on high-level policies.

2. Self-healing. Ability to detect, diagnose and recover from errors.

3. Self-optimizing. Improves system performance by optimizing its operation
and resource usage.

1. Self-protecting. Defense strategies are proposed to solve problems caused by
attacks or failures that cannot be repaired by Self-healing.

Implementing these four perspectives results in systems that automate the
maintenance, repair, optimization and protection tasks, requiring minimal hu-
man or other systems intervention.

An autonomous system is composed of autonomous elements that contain
resources and offer services. The elements handle system’s internal behavior and
relationships with other elements according to established policies.

The Self-healing and Self-protecting approaches are interesting because they
are focused in maintaining the permanent availability, accessibility and integrity
of the system, by preventing and repairing faults.

However. from another point of view, Sell-hcaling perspective are more im-
portant because a system may have the ability to auto-configure, self-optimize
and self-protection. but if it cannot recover [rom failures is likely to stop working.

Some Sclf-healing approaches propose a process that helps to detect and
recover system’s faults. Their stages are [3], [1]:

1. Monitoring. Consists in the monitoring and recording of information about
the system health status.

2. Diagnosis. Analyzes and evaluates the inforation gathered in the monitor-
ing stage and determines whether the performance level is correct or not.

3. Recovery. Strategics are implemented to help correct problems found and
recover the proper systein performance.

This paper adopts an approach foensed on the architecture of the application,
applying interceptor techniques for monitoring, Quality of Service (QoS) analysis
for the diagnosis and redundancy of components for recovery.

The aim of our project is to oblain an arvchitecture based on WS, which
allows the creation of a distributed system where the interaction between WS
has Seli-healing capabilities, ensuring the quality of communication among them.

We use a distributed digital library application in order (o test our proposal.
In this application each Web Service hosts information corresponding to an arca
of knowledge library [5]. pretending create a distribution of content in different
WS, ensuring cach has access to the contents of the other. The reason [or the
distribution of content is to avoid a central point of failure, and improve their
perforiance using the Self-healing schenie.

This work is based on the architecture and Sell-healing techniques presented
in [5]. [6] and {7} in order to make a new proposal by adding a distribution
perspective, and a betler diagnosis process.

The rest of the paper is organized as follows: in Section 2 an overview ol
related work regarding Sell-healing systems is presented. Section 3 introduces
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the Self- healing architecture previously developed. Section 1 describes in general
terms the new Self-healing architecture with emphasis on changes carried out

to the diagnosis module. Section 5 shows experimental results. And Section 6
describes conclusion and ongoing work.

2 Related Work

In recent years, there have been different perspectives on Autonomic Com-
puting concepts, leading to propose new initiatives like Self-protecting, Self-
knowledge, Self-diagnosis, Self-destruction and Self-adjustement
emerging needs, fitting the concept of autonomy [3].

For the implementation of Self-healing systems the main problems encoun-
tered are designing the mechanisms for fault detection and diagnosis, and recov-
ery strategies. Solutions have been proposed for specific cases that can be applied
to other approaches. Hardware-based autonomous designs find their counterpart

in soltware systems. Some projects related to Autonomic Computing that pro-
pose Self-healing approaches are:

. according to

2.1 Bio-Net

Led by the National Science Foundation, Bio-Networking Architecture 8] is a
paradigm and a middleware for the design and implementation of
able and available network applications. It is based on principles and mechanisms
used by biological systems to adapt to changing environmental conditions. like
colonies of ants and bees. Abstracts the biological model of cooperation and
autonomy in a system composed of autonomous agents, cyvber-entities (mobile
autonomous agents) and Bio-Networking Architecture platforms (execution en-
vironments and support services for the cyber-entities). The autonomous interac-

tion and cooperation between the components results in a stable and adaptable
survival system.

scalable, adapt-

2.2 HYDRA

Hydra [9] is a middleware belonging to Ilydra EU project, which allows devel-
opers to incorporate heterogeneous devices offering WS interfaces for adminis-
tration.

Hydra incorporates mechanisms for Service Discovery, Semantic Model Driven
Architecture, P2P communication and Diagnosis.

Hydra adopts the “awareness context™ concept and presents an OWL ontol-
ogy and SWRL rules based on the Self-management approach, particularly in
Self-diagnosis. In Hydra, each component has an awareness of their own state.
knowing and defining the optimal values for parameters benchmarked to run
smoothly.

SWLR rules and ontologies provide a Knowledge Base where information
about the current state of the middleware is represented. If a fault occurs the
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possible solutions are within the same ontology OWL. The inference about the
information stored during the monitoring helps the diagnosis process Lo make
intelligent decisions regarding the recovery Sell-healing tasks.

2.3 CODA

CODA (Complex Organic Distributed Architecture) [10] represents a new gener-
ation of decision-making system that includes a means monitoring and control-
ling objeclives to allow the enterprise to evolve with certain degree of autonomy.

The architecture includes concepts and principles of Sell-organization, Self-
regulation toward an intelligent architecture. The main challenge is to achieve a
distributed object-oriented reference architecture with support for reconfigurable
mobile networks.

2.1 Discussion

Our work has focused on creating platforms and application models using the
Sell-healing perspective.

Previous works have presented concepts such as adaptation of the appli-
cation’s components Lo new euvironments, the“context awarencss™ for diagno-
sis (using ontological models), distribution of components into an intelligent
architecture. Other works have developed concepts that focus on developing
applications based on WS, applying Self-healing principles, for example, WS-
DIANOND [11].

Our goal is Lo develop a new perspective for the ereation of WS-based applica-
tions. in which the cooperative interaction is guaranteed by applying Scll-healing
principles.

We have developed an ontological-statistical model for performance analy-
sis, approaching to the “context awareness” based on QoS, which considers the
reconfiguration ol the techniques used for fault detection in dynamic environ-
ments.

Our case study consists in to implement a distributed WS-based digital li-
brary application in which cach component is responsible for storage and infor-
mation management of an area ol knowledge.

3 Previous Self-healing Architecture

Nowadays, systems implementation with Sell-healing properties has reached a
considerable iimportance. Among the diverse approaches covered. the main prob-
lem worked is the components complexity. It is no longer enough to have fault
tolerance mechauisms, additional strategics are needed to ensure an effective re-
covery. This paper presents improvements made to an architecture defined in

The previous architecture is centralized and consists in a Web Service Con-
sumer, a Web Service Provider and a Self-healing Core, where databases and
Monitoring, Diagnosing and Recovering modules are located.
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The architecture was implemented with the Java Web Service technology.
Apache Axis2 is the Web Service engine, running the consumer and the provider.

The Scll-healing Core is a component whose interface with WS is through Java
RAMIILL

3.1 Monitoring Module

Fvery transaction between WS consumier and WS prov
Apache Axis2 Handlers, making the role of interceptor:
Lo colleet and save timestamps defined as follows:

ider is monitored using
s. which are responsible

— T1: Service Request’s start time
= T2: Service Request’s end time.

— T3: Service Respouse’s start time.
T: Service Response’s end time.

The lack of any of timest

amips indicales a corrupted performance in the
© provider.

When the trausaction is complete, the recorded timest
culate QoS parametais of time, defined as follows:

= QoS1: T3 - T2 : Computation time

— QoS2: T2 - T1 : Requesling time.

= QuS3: T1- T3 : Responding time.

= QoSL (T1-TL) - QuSI: Communication time.

amps are used to cal-

The parameters are retrieved from the PaRe datalase Lal

le after a cerlain
number of transactions. to perform diaguosis operations.

3.2 Diagnosis Module

The diagnosis stage implements the QoS analysis stralegy, using a statistica!
model to compare the set of values obtained fron monitoring with a reference
model defined by analyzing the performance of the architecture. 'he result let

to determine whether or not any recovery action is required.

The statistical model, exposed in {6]. is based in the box-plot method. The
Interquartile Range (IQR) and Right Outer Fence (Q3-+3.0%IQR) were defined
using samples ol parameters from a first 1est . The portion of outlier values is
observed, according to the measures established by cach WS provider stored iu
the Service Level Parawmeter (SLP) table, The SLP tal) contains the measure
know as “Left Outer Fenee™ for the QoS parameters of cach WS witl whic it
haws interacted. During the fivst di-gnosis process, S

coniains values thot woees
caleulated i ideal conditions and would represcid

good performance.
The model determines the percentage of ovttiers values (areater than Right

. . . - = ‘!I
Outer Fence) that ave in a set of date collected. 14 the percentage is hetween 004

and 5% means that the health status is correct between 5% ard 1074 indicates
that the WS provider is degrading, and a sccond WS provider is reguested to
divide the work (Duplication). If the percentage is greater than 10 then the

WS provider is degraded and other WS provider is necessary (Substitution).



Enhancing the Diagnosis Module in a Self-healing Architecture Supporting... 342
3.3 Recovery Module

Recovery strategies are based on the system’s component redundancy. The du-
plication and substitution of the WS provider allow that requests made by the
WS consumer are met, avoiding results loss. Recovery depends on the availability
of redundant WS.

[uside of the Self-healing Core is the WSTA database (Wel) Service Table
Access) that stores information about the WS providers available. The records
shall indicate the endpoint, status (online, oflline, active, inactive), a description
and operations offered by the WS. Records in the database are defined by an
external agent, such as an administrator. The architecture does not add or delete

information.
For the execution of recovery actions, the records in the WSTA are modi-

fied. Duplicating a WS is reflected as the activation of more than one provider
(change of the active attribute). The WS substitution consists in disable the
current provider (active=falsc, offlinc=true) and activate another available WS
(active=true).

3.4 Overview Operation

The operation of the architecture is simple, keeping the Self-healing principles.
The operation begins with a WS consumer request. To seud it, a WSTA database
query is performed requesting the most appropriate WS provider available (the
database query includes the action and description vequired). When the WS
constmer receives the endpoint to the WS provider. sends the request, initiating
a monilored transaction: in case of failure. a recovery action is performed. Fach
transaction between the provider and the consumer [ollows the same process,
whether they are equal.

Alter & certain nunber of transactions, the diagnosis module execules to
detect and correet possible faults.

3.5 Critical Aualysis of the Previous Architecture

The previous architecture has limitations with regard to its structure and not
allowing the dynamism of \WS.

The main limitation of the architecture is the centralized and rigid approach,
only allowing » WS consumer interacts with one or more WS providers. Besides
seltling out a critical point, the Sell-healing Core, where a fanil may represeiit
the complete bss of functionality. since the absence of recovery mechanisims on
this component.,

But the key point lies in the diagnosis modnle, where the QoS analysis is
limited to observing time parewmeters of transactions. The dispersion measures
applied do not cousider variations in the interactions time intervals. In the di-
agnosis module. the WSTA table hasu't (the ability to upgrade itself according
to actual active providers, it depen:ls on an update by the adininistrator.

It is necessary to accomplish thie architecture distribution, improve the diag-
nosis process and establish adaptive mechanisms for the statistical model.
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Fig. 1. Distributed Self-healing architecture.

4 Enhanced Distributed Self-healing Architecture

[n our work we have made changes in the former architecture, improving Self-
healing features, which were restricting the WS performance. This section presents
the changes in the architecture’s components. According to the paper’s title,
major changes are in the diagnosis module.

The components distribution adapts the architecture to the dynamic inter-
action of the WS. WS can interact with cach other according to their needs at
any given time.

According to the project’s objective, a digital library with distributed con-
tents is obtained when each WS plays either provider or consumer roles, even
both simultancously.

Then each WS monitors the performance of its providers. assesses and de-
termines the nced to implement a recovery action, either changing provider or
sending a request to more of them. The Self-healing Core, which was an iso-
lated component, now is part of the Web Service. Each WS coutains its own
Self-healing components (Iig. 1).

Distributing components avoids critical points of failure that could have ma-
jor consequences. The failure of a WS or a stack of Self-healing components has
no effect beyond that WS. A serious flaw could require the full restoration of a
WS, at most.

the

4.1 Repository Module

Actually, WSTA database is an independent component with a similar structure
to the previous Self-healing Core. Its function is to register the WS availability.
besides being the architecture’s time server for consistency of timestamps.
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Registering WS corresponds to each WS that integrates itself into the ar-
chitecture. The changes applied to the records, as part of recovery actions, are
visible to all other WS in the architecture.

4.2 Monitoring Module

The monitoring process has no major changes. The records and parameters are
stored in local databases in every WS and are divided by each interacting WS

provider.
The WS playing the consumer role in any interaction performs the monitor-

ing.

4.3 Diagnosis Module

This module, in the enhanced architecture, will continue applying the defined
statistical model, but is now complemented by an ontological model responsible
for making inferences about the performance of the WS provider and setting the
conditions to require a repairing action.

Adaptation of the reference measurements. The analysis of the observed
parameters returns the percentage of outliers in the set according to the Right
Outer Fence defined in the model.

A portion less than 5% indicates that the provider’s performance is good,
although there may be signs of increased time intervals. Values greater than
2.5% could indicate that the parameters are changing, perhaps due to changes
in the underlying networking system.

Ignoring possible variations, the following diagnosis operations may invoke
recovery actions, even if everything is working properly. Variations in parameters
must be considered since the Right Outer Fence defined for a first test does not
apply to sets of parameters in all contexts. Adapting the model’s descriptive
measures is required.

In the new diagnosis implementation, if the percentage of outliers parameters
is between 3% and 5%, a necessary measure adaptation action is established.
The changes are stored in the SLP table for further use. The box-plot method
is executed using the set of values for each QoS parameter, determining a new
Right Outer Fence's value giving a new diagnosis’ perception.

If a set of values of a QoS parameter requires a measures adaptation, the
same procedure for the three remaining parameters is performed.

The variation in one parameter may involve variations in the other, so if a pa-
rameter requires their descriptive measure redefinition, it is likely that someone
else also makes that request. Executing adaptation strategies for all parameters
prevents possible future recurrences.

The first execution of the diagnosis process uses the descriptive measurements
defined in the previous architecture and according to the results may or may
not request a re-calculation (adaptation). The adjustment is incremental in the

/



345 F. Moo-Mena, F. Curi-quintal, J. Garcilazo-Ortiz, L. Basto-Diaz, and R. Kohn-Dzul

S<=status - HasParameter(s.qos)  GreaterThan(qos. qosdup) -
LessThan(qos. qossub)

= HasDegradation(s. moderate)

s<status - HasDegradation(s. moderate)
= NeedRecovery(s. duplication)

Fig. 2. Rules in diagnosis module.

Left Outer Fe
stability.

When the implementation of recovery actions is determined, any kind of
adaptation does not take place, since degradation might be ignored.

Finally, the results of the statistical model are sent to the ontological model
to proceed with the stage of diagnosis.

nce value; no change in this measure indicates system'’s operation

Diagnosis based on ontologies. Diagnosis based on the statistical method
may be considered incomplete. W§ performance is reflected in several factors.

The QoS parameters such as availability,
reliability, control and safety (12] may
provider performance.

accessibility, integrity, performance,
also be appropriate indicators of the WS

To get an insight into these parameters, the WS must be aware of their
own state and act to prevent or recover from failures or degradations in its
performance.

Ontologies are an alternative to model the environment and the state of the

WS, showing capacity to make inferences, using logical rules, to determine a
good or bad performance.

In a previous work [7] we defined an ontological model that includes QoS

parameters and rules to infer the current state of architecture. In the present
work, the Self-healing architecture’s diagnosis module is attached to a rules en-
gine that is responsible for mmlyzing the data collected by monitoring, using

the ontological model. So far, the parameters analyzed were the time intervals
already defined.

The change resides in the fact that results
consist of logical conclusions by applying
Fig. 2.

For implementation, we used Jess rule engine [13], which use OWL-DL on-
tologics via the Protégé and its complement JessTaly. With those tools we build
a package that provides methods to send and receive data from the ontological

model. This package is accessible from the methods implemented in architecture
components.

are no longer mere assertions, now
first-order logic sentences as shown in

When the ontological model receives the necessary parameters from the sta-
tistical model, those are represented in the ontology and the logical rules compare
the current performance with a reference model for diagnosis
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4.4 Recovery Module

The Recovery Module implements strategies to recover an appropriate of per-
formance when the diagnosis module may determine necessary. Currently, each
WS applies recovery strategies [rom its recovery moclule.

The strategies are techniques of component redundancy and consist in changes
in WSTA information indicating the activation or inactivation of WS providers
in the architecture.

WS modifications over the WSTA database do affect the operation of ev-
eryone. If a provider is set to offline, will not receive requests from customers,
however, it can continue with the role of consumer.

5 Results

The main result to present is the adaptation ol the statistical model’s measures.

In the test showed in Fig. 3, we obtained a set of values of QoS1 parameter
during the interaction between WS “botany™ and WS “math”. If this set is
analyzed using the default Right Ouler Fence, defined in an earlier trial (365.5),
the percentage of outlier values is 3.16% of the total (10) value obtained from
the previous architecture (See Fig. 1).

Luplementing the adaptation strategy, in the enhanced diagnosis module,
gets a new IQR = 112.5 and redefines the Right Outer Fence in 585.5. In this
case, the percentage of outliers values is 0%, preventing any unnecessary recovery
action.

The value 0% is transferred to the ontology, inferring a good performance.

-~
-
-
-
-~
-

Eid User
e Digtall ibrary
s “Botany™ 1
Digelall brary
“Math™ 1
DigitaiLibra
DigitalLivrary *Bolany” Zry

"Malh™ 2

Fig. 3. Test scenario.
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Fig. 4. Comparing diagnosis modules.

6 Conclusion

All changes applied to previous Self-healing architecture were not complicated
to apply and contributed to obtain better results.

Distribution added to previous architecture allowed the possibility to dis-
tribute WS applications modules.

Quality of service reference measures updated constantly, allowed to archi-
tecture precision about the application healing, by providing the capacity to
identify normal changes from real failures.

Current Self-healing architecture allows modifying constantly QoS measures.
adapting to new conditions. However, adaptation is incremental as a futyre work
that could be improving finding the best measures to be applied on each trans-
action.

An ontology module integrated into diagnosis, allowed other information
about WS provider's performance giving better results. By now, only time pa-
rameters are considered, the addition of more parameters will be a future work.
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Abstract. Grammatical Inference (GI) is one of the most promising
areas of artificial intelligence, not only because its possible use in clas-
sification, but for its new items generation capability, since GI creates
a grammar from which it is possible to generate new strings which in
fact belong to the category modeled by that grammar. In this paper we
present the results of inferred grammars for three human beings sub-
languages written in “English”. “pseudo-English” and. "Spanish™ gath-
ered to conform two different corpora: MATIS and DIHANA. We have
used a grammatical inference method based on mixtures of bigrams to
model those grammars, observing that this method allow enough gener-
alization to accept in average the 60% of never seen strings. Besides, we
have done an analysis of the original corpora. and our findings indicates
that a redefinition of both, the training and test set must be done in
order to obtain worst-case results, instead of average cases. Therefore.
with the new corpora, the grammatical inference task comes to be much
more difficult.

1 Introduction

Grammatical Inference is the process of learning of grammars and languages from
data [6]. It is often refered to as automata induction, grammar induction, and
automatic language acquisition. This area of the artificial intelligence deals with
the deduction of a grammar [rom given examples (instances). It is also known
as “inductive inference”™ and recently as “computational learning”. Grammatical
inference can also be defined as the process of learning an automaton from a set
of string samples [3], since a grammar can be modeled by an automaton, with-
out lost of generality. The classical approach to grammatical inference was first
given by Gold [4], who introduced the notion of identification in the limit, which
concerns with the behaviour of an inference algorithm on an infinite sequence of
samples in the limit. We can formulate a formal description of that as follows.
A complete presentation of a language L is an infinite sequence of ordered pairs
(w.l) € Z* x {0.1}, where [ = 1 if I € L and 0 otherwise. and every string
w € L™ appears at least once.

* This work has been partially supported by the CONACYT project #106625, as well
as by the PROMEP/103.5/09/-1213 grant.

O M. Martinez, A. Alarcon (Eds.) Received 30/04/10
Advances in Computer Science and Engineering. Final version 19/05/10
Research Computing Science 43, 2010, pp. 349-364 Aceepted 14/05/10
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If an inference method A/ is executed over a complete presentation, it will
generate an infinite sequence of guesses gy.g2.gs, ete. M is said to identify L
in the limit if there exists some number n such that all of the guesses g; are
the same for i > n, and g, is equivalent to L. Further details concerning the
Grammatical Inference (GI) feld are well given in [9] and [8].

Unfortunately, obtaining an infinite number of samples is not viable and,
therefore, we must investigate different ways of obtaining such language. In this
paper we use a bigram-based mixture modelling to infer grammars for two differ-
ent corpora. The mixture modelling is a well-known density estimation technique
in supervised and unsupervised pattern classification [7]. Mixtures are flexible
enough for finding a balance between the complexity of a model and the amount
of training data available. The model complexity is often driven by varying the
number of the mixture components, keeping the same parametric model (usually
a very simple one) for all the components. Besides, the mixture maximum like-
hood parameters estimation may be calculated by an Expectation-Maximization
(EM) algorithm. This kind of algorithm is in fact the one we have used in our
approach. Our experiments have made use of a bigram-based mixture to carry
out the grammatical inference process. The system used was implemented using
the fundamentals discussed in [2].

The next section describes the datasets used in our experiments. Section 3
presents the obtained results and, finally our conclusions are given.

2 Datasets
2.1 MATIS

This collection is a reduced version (Mini) from that denominated ATIS (Aiv
Travel [uformation System), which was designed to measure the research advauce
in spoken language systems which includes both, specch and natural langnage
components. For a belter reference about ATIS see [5].

MATIS is made up by a fraining and a test set, both conformed by strings in
natural language (English) refering to a partial part of a conversation from a user
of an air travel information system. This corpus was preprocessed transliterat-
ing each natural language string in order to obtain a uniform language (pseudo-
English) which can be better used in a computer system. MATIS was also prepro-
cessed in order to contain “classes™ which may help in the experiments carried
out with this corpus; thus, the class <cily> generalize instances like *New York™,
“Chicago”. etc: whereas <airport> gencralize instances like “JFK”, “Newark™,
etc. However this preprocessing task has been applied with some mistakes, for
instance. the next string was incorrectly rewritten: SHOW ME ALL PRICE
OF <duy> CLASS FROM <city> TO <cily>. llere we can see that the word
“FIRST™ was generalized by the class “*<day>" which in fact is incorrect. Table
1 shows examples of the MATIS strings in natural language (NL) and uniform
language (UL). -

The original MATIS collection is made up by 2566 pairs of NL and UL
strings: 2000 strings were selected for training and 566 for fest. However, a simple
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Kind Strings

NL - WHAT'S LOWEST ROUND-TRIP FARE FROM <city> TO <city>
NL - DOES <airline> FLY FROM <city> TO <city>

NL - WHAT'S EARLIEST FLIGHT FROM <city> TO <airport> THAT

SERVE LUNCH

UL |- LIST CHEAPEST ROUND-TRIP FARES FROM <city> AND TO <city>
UL - LIST <airline> FLIGHTS FROM <city> AND TO <city>

UL - LIST EARLIEST FLIGHTS FROM <city> AND TO <airport> AND
SERVING LUNCH

Table 1. MATIS string instances

analysis of the collection content has shown that it contains repeated strings.
This feature is expected in real situations, but the worst-case analysis is the
most common one used in the experiments. We have conformed a new version of
MATIS with unrepeated strings which we have named URMATIS, and we will
use the tags MATIS_NL and MATIS_UL for the natural language and uniform
language versions of the original corpus, respectively: whereas we will use the
tags URMATIS_NL and URMATIS_UL for the natural language and uniform

language versions of the new preprocessed corpus, respectively. Table 2 shows
the total number of strings for each corpora.

MATIS version Training strings| Test strings
MATIS_UL 2000 566
URMATIS_UL 139 30
MATIS_NL 2000 566
URNMATIS_NL 1531 360

Table 2. Dilferent versions ol MATIS

2.2 DIHANA

DIHANA is a corpus of Spanish spoken dialogs acquired and tagged in order
to study and develop a robust dialog system for accesing information which
contains spontaneous speech in a wide variety of environments. The DIHANA
corpus countent is about services, timetables and fares of the Spanish nation
railtrain system. Thus, simulated conversations between a user and a wizard
whom answer the user questions were recorded. DIHAN A is made up by 6280
user interventions and 9133 system interventions. In the experiments carried out
in this paper, we have used only the 1139 unrepeated user phrases, which we
will further refer as SUBDIHANA. A better description of the original DIHANA

corpus can be found in [1], and in the official website of the DIIIANA project!.

! http://www.dihana.upv.es/
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In Table 3 we show examples of the DIHANA strings in their original language
(Spanish) and a translation of each string, for a better understanding of this
paper. As can be seen. this corpus is written in natural langnage and therefore
it does not take into account possible classes implicit in the dialogs. Thus, we
consider it a difflicult collection for grammatical inference task.

Strings
quisiera saber los horarios de tren desde Valencia a Barcelona
(I would like the train timetables from Valencia to Barcelona)
querria un tren desde Segovia hasta Badajoz
(I would like to take a train from Segovia to Badajoz)
pues me gustaria salir manana temprano
(I would like to leave tomorrow morning)
quiero el precio del viaje ida y vuelta
(I want the roundtrip fare)
muy bien el lunes
(monday is ok)
Table 3. DIHANA string instances

3 Experimental results

A preliminar analysis of both corpora, MATIS and DIHANA was done in order
to evaluate the generalization quality of the inferred grammar by means of a
bigram-based mixture method. Table 4 shows the number of test strings accepted
and rejected by the inferred grammar for the training set.

Corpus Accepted | Rejected

MATIS_.UL

URMATIS_UL

512 (95,76%)
57 (71.25%)

21 (4.21%)
23 (28,75%)

MATIS_NL

URMATIS_NL

379 (06,96%)
176 (18.89%)

137 (33,04%)
184 (51,11%)

SUBDIHANA

398 (62.28%)

211 (37.72%)

Table 4. Evaluation of a grammar, inferred [rom the training set

The high degree of accepted strings over the original corpora of MATIS (MA-
TIS_UL, MATIS_NL) is quite expected since there exist strings in the fest set
whose in fact were used to infer the grammar, i.e., those strings also exist in the
training set.
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3.1 w-fold cross-validation evaluation

The v-fold cross-validation technique allows to evaluate how well the experi-
ment “performs” when is repeatedly cross-validated in different samples ran-
domly drawn from the data. Consequently, the results obtained will not be casual
through the use of a specific distribution of the data collection. In the experi-
ments we conducted, we joined each training and test set and then we splitted
the obtained data in » partitions from which 1 is taken as a test set and the
other v — 1 partitions are used as a training set. This procedure is carried out v
times and the average of the executions is presented in Table 5, with v = 6 and
v = 10.

The execution over the MATIS corpora obtained a better performance with
the uniform language strings than those in natural language. This fact is also
expected, since the uniform language uses a set of keywords which defines a kind
of reduced grammar compared with the grammar of the natural language. The
bigram-based mixture model used allow enough gencralization for accepting in
average the 60% of never seen strings for both corpora: MATIS and DIHANA.

Corpus Partitions| Accepted Rejected
URMATIS_UL G T1.16 (75,18%) | 23.5 (21.82%)
URMATIS_UL 10 134 (76,41%) | 13,1 (23.59%)
URMATIS_NL. 6 178 (56.15%) |137.33 (13,55%)
URMATIS_NL 10 109,2 (57,72%) | 80 (42.28%)
SUBDIHANA 6 415,83 (60.29%)|273,83 (39,71%)
SUBDIHANA 10 253.7 (61.30%) | 160.1 (38,69%)

Table 5. v-fold cross-validation evaluation

4 Conclusions

The inference of natural language dialogs is one of the most difficult task that
can be done in grammatical inference, since in this task there exist only positive
samples and, the only way of obtaining the complete grammar is by using an
infinite number of samples which in fact is impossible. Moreover, it is really
difficult to determine which phrase really belongs or not to the language because
in theory any phrase should be part of the human language.

We have carried out an analysis of a grammatical inference system perfor-
mance which is based in the use of bigram mixtures. The experiments were ex-
ecuted over two corpora: MATIS and DIHANA with three different langua.\ges:
“English”, “pseudo-English™ and, “Spanish”. We observed that the algorithm
is capable of generalize quite enough to accept around the 60% of never seen
strings which in fact belong to the training set inferred grammar.
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Abstract. Automatic learning of a grammar from a set of samples is
matter of the grammatical inference field. Different approaches have been
presented in literature for this challenging task. In this paper, we present
the results obtained after the implementation of a genetic algorithm ap-
plied to the grammatical inference research area. Our system generates a
main automaton which models the grammar we would infer and, there-
after, we obtain a set of positive and negative samples from this au-
tomaton for training a learning system. A set of automata are then
generated as population and. after a number of generations, a similar
grammar to the one represented by the main automaton is obtained.
Several runs have been executed in order to calculate the mean perfor-
mance of the presented approach. We have observed that the application
of a genetic algorithm can highly improve the results, even if the initial
and randomly-generated automata set has initial low scores.

1 Introduction

Grammatical inference can be defined as the process of learning an automaton
from a set of string samples [1]. The classical approach to grammatical inference
was first given by Gold [4], who introduced the notion of identification in the
limit, which concerns is about the behaviour of an inference algorithm on an
infinite sequence of samples in the limit. We may then give a formal description
of this process as follows:

A complete presentation of a language L is an infinite sequence of ordered
pairs (w,l) € £* x {0,1}, where I = 1 if { € L and 0 otherwise, and every string
w € L7 appears at least once. If an inference method A/ is executed over a
complete presentation, it will generate an infinite sequence of guesses g1. 9. 3.
etc. Al is said to identify L in the limit if there exists some number n such that
all of the guesses g; are the same for i > n, and g, is equivalent to L. Further
details concerning the Grammatical Inference (GI) field are completely described
in [2] and [3] .

Unfortunately, obtaining an infinite number of samples is not viable mlc_l.
therefore, we must investigate different ways of obtaining such language. In this

" This work has been partially supported by the CONACYT project #106625, as well
as by the PROMEP/103.5/09/-1213 grant.

O M. Martinez, A. Alarcon (Eds.) Received 30/04/10
Advances in Computer Science and Engineering. Final version 19/05/10
Research Computing Science 45, 2010, pp. 355-364 Accepted 14/05/10
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research work, we have used the genetic algorithms field in order to experiment
with grammatical inference. Genetic algorithms, introduced by [olland in [6] at
the middle of the 70s. are based on the mimic of the natural selection. Popu-
lation, selection, crossover and mutation are topics well know in this field. The
approach presented in this paper comprises the use of a set of random automata
as population and, thereaflter, to apply a genetic algorithm process in order to
obtain. after a number of generations. an antomaton similar to the language L.
The language is represented without lost of generality by an automaton from
which a set of positive and negative samples are obtained.

The rest of this paper is structured as follows. In Section 2 we describe the
general approach of this research work. Section 3 describes each component of
the presented Gl-based system into detail. In Section -1, a set of evaluations
carried out are presented and discussed. Finally, in Section 5 the conclusions are

given.

2 Inference through different small grammars

The aim of this research work is to infer one grammar through a set of positive
and negative samples. The usual approach consists in constructing a fixed gram-
mar that may recognize all the training samples and, thereafter, to generalize
this grammar in order to accept more samples which usually are not represented
in the training set of samples. The contribution of this paper consists in the
use of not only one but a set of grammais in order to generalize the expected
grammar that will accept the samples given in the training set and other ones
which are considered to be part of the analysed language. In other words, we
would like to investigate whether or not, a grammar may be described by a set
of grammars with a small number of components. This approach would be use-
ful since, the traditional approaches use huge automata and, therefore, they are
expensive in terms of computational time. The representation of the presented
approach is given in Figure 1. Without lost of generality, in this paper we will
refer to grammars and automata as the same concept, since any grammar may
be represented by means of some automaton.

The set of small automata are considered to be calculated on the basis of
a genetic algorithin which evaluate in each iteration the fitness of the current
population of automata.

3 Description of the implemented system

In order to correctly tune and analyse datasets, an experimental system requires
different tools to allow reproduce, once and once, the experiments carried out.
The system we have built is made up by a set of modules which are described

into detail in the following subsections.
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Pig. 1. Representing one complex grammar through a set of small grammars

3.1 Main automaton generation module

This module was implemented for constructing a main automaton!. This au-
tomaton will be used to generate a set of positive and negative samples from
which we would infer a grammar. Although only the main automaton may be
used to evaluate how well the new grammar was infered, another function of eval-
uation was implemented (see Subsection 3.-). Details corresponding to this mod-
ule are shown as follows. We have included the parameter NUM_STATES, which
defines the number of states of the main automaton. The ARCS.THRESHOLD
parameter is a value between 0 and 1 which allows to decide wheter an arc from
a source node to a target one will be defined or not. This procedure is carried
out for each node (state), with every symbol (NUM_SYMBOLS). Finally, the
FINALS_.THRESHOLD parameter will be used for determining, for each state,
their posibility to be final (end state). For convenience, when an automatic gen-
eration of the automaton is performed. we have defined letters to identify every
arc (symbol) in the graph (‘a’, 'y, ¢, etc).

3.2 Samples generation module

The generation of positive and negative samples is carried out in this module.
The parameters NUM_POS_SAMPLES and NUM_NEG.SAMPLES are used for
determining the number of positive and negative strings to generate, respectively.
We established the main automaton in “generation mode” in order to generate
positive samples, that is, we start from the initial state and. thereafter, we select
the next state by means of a equiprobable distribution of all leaving arcs from
the source state. Every time a final state is reached, it is decided with probability
END_THRESHOLD if the current string will be returned or not.

In the case of the negative samples, we have decided to generate random
strings and, thereafter, to evaluate its membership to the grammar defined by
the main automaton.

! The presented approach uses only finite and non-deterministic automata.
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3.3 Additional automata generation module

The aim of this research work was to obtain a set of automata capable to figure
out. as a whole, of the grammar deflined by the main automaton. Therefore, we
have implemented this module which carries out the same process defined in 3.2,
but in this particular case, for a NUM_AUTOMATA number of automata.

3.4 Evaluation module

This module is decomposed into two parts: 1) the assessment of each automaton
through the training samples and, 2) the assessment of a test set. The next
subsections describe each component into detail.

se

Evaluation of training samples Given two sets of samples:

PS ={P\.Ps,--- .PNuaI.POS_SAMPLES}

and
NS ={N\.Na,--- NNUM.NEG_SAMPLES}

. the evaluation procedure of one automaton A is carried out in the following
manner. For each sample S € PS. if S is accepted by A, then the Score(A) is
incremented. otherwise it is decremented. The treatment of negative samples is
carried out in an inverse manner, i.e., for each sample S € NS, il S is rejected
by A. then the Score(A) is incremented, otherwise it is decremented.

Evaluation of the test set After the evaluation of each automaton with
the training samples, every automaton obtains a particular score. Logically, the
automaton with the highest positive score will be the most similar one to the
main automaton, as well as the complemented version of the automaton with
the lowest negative score. Automata with score close to zero will accept or reject
almost all of the training samples and, therefore, they do not. have high influence
in the evaluation results. Thus, we can use the score of each automaton to
evaluate a test set.

Let us denote as NUM_TEST_SAMPLES the complete number of positive
and negative samples used in the test procedure. Let Score(A;) be the score
of the Aj-automaton and, #;; a tag which indicates whether the A;-automaton
accepts or rejects the i-th test sample (1 < i < NUM_TEST_-SAMPLES). t;; will
be equal to 1 if the Aj-automaton accepts the i-th test sample and, equal to -1
otherwise. Thus, by using the above remarks, the evaluation procedure may be

done as presented in Equations (1), (2), and (3).

NUMAUTOMATA

d; = Z tij - Score(A;) (1)

=1

1. if d;>0
{0, otherwise (2)
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NUMTESTSNAMPLES
ci
- e i=1

Y = N UM_TEST-SAMPLES 3

In the presented GI-based system. the evaluation procedure may be done
either by using the complete set of automata or, just with the hest automaton.
In general, an automata subset may be chosen by using a confidence threshold,
which will be based on the maximum automaton score (MAXIMUM_SCORE).
It is obvious that the maximum score that may be achieved by any automaton
of a population will be equal to NUM_TEST.-SAMPLES. The score of each

automaton with respect to the maximum score may be obtained in the following
manner:

Score(A)

Relative_score(A) = sroxrartirscons

Therefore, given a threshold 7', an automaton A belongs to the evaluated set
if Relative_score(A) > T. In the experimental results shown in Section -1, we

have used the accuracy formula presented in Equation (3) for determining the
quality of the system.

3.5 Genetic algorithm module

This module draws the typical approach of a genetic algorithm. An overview of
this implementation can be seen as follows:

— Generate initial population
— For N number of generations do
e Select two parents: p;. p» (SELECTION)
e Crossover p; and ps for obtaining two offsprings: 0, 02 (CROSSOVER)
e Evaluate fitness of o; and 0y (FITNESS EVALUATION)
* If any of the offsprings outperforms the worst population citizen,
then the offspring substitutes the found citizen
e [f neccessary, apply NIUTATION
— End for

The SELECTION process was applied by using a uniform distribution among
all the population members. The CROSSOVER was done by splitting each par-
ent by two. Given m states, we took the first m/2 states of p in order to conform
the first part of o;, whereas the next n/2 states make up the second p.art of 0s.
We did a similar process with the other parent. A graphical view of this process
can be seen in Figure 2.

The fitness evaluation of each offspring was carried out by using the evalu-
ation function described in 3.1. Finally, the MUTATION phase was done ounly
over a certain number of times (MAX.VALUE-MUTATION). We ?ncren}ented
a counter (mutation_counter) each iteration in which all the offsprings did not
outperformed the population.



Some Experiments on Grammatical Inference... 360

’ S~ ¢ ,:1_:,.-)/ o o _..(__ 2 . ,a o - b . 75 AN
= S Q)
(a) (b)
- g st 35 Y
{1 ""'&- \:EL ':""‘\" ;
DAL o e " (1 s A

(c) ' (d)

Fig. 2. Crossover between two parents: pi(a) and pa(b); the offsprings o1 and o2 are
shown in (c¢) and (d), respectively

3.6 Other modules

[n order to track the partial performance of the experiments, we implemented a
set of additional modules which carry out the following tasks:

— Save the main automaton: Save the structure of the main automaton in

a file for future use.
— Get a main automaton: Load the structure of a main automaton [rom

a file.
— Generate only negative samples: This procedure overwrites the current

negative samples with new ones.

— Save positive and negative samples: All string samples, currently in
memory, are saved into a file. .

— Load samples: It loads the string samples from a file.

— Generate prefix tree automaton: This module allows to obtain the
prefix tree automaton from a set of positive samples.

— Generate a dot file: This module is used to generate a graphical view of
one automaton (gif file format).

— Generate a SF file: This module is used to generate a writeout of one
automaton in Standard Format (SF). The format used is the one defined for
automata manipulation files in [5].

— Replace main automaton: Sometimes an automaton from the additional
automata is required to replace the main automaton. This module offers this
possibility.

— Modify parameters: This module allows to view and/or modify the cur-
rent parameters of the systemn.
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4 Experimental results

We have carried out different experiments in order to evaluate the performance of
the proposed approach. It is obvious, that results strongly rely on the character-
istics of the main automaton: the more complicated the structure is, the more dif-
ficult of infering its grammar it will be. In our experiments we have set main au-
tomaton generation parameters as follows: the number of states was equal to 20,
ARCS.THRESHOLD=0.9, END_.THRESHOLD=0.9 and, NUM_SYMBOLS=2.

We have analysed the influence of different parameters on the system perfor-
mance: for instance, the number of training samples, the size of an automata set,
and the number of states of the training set. In Table 1, the obtained accuracy
is shown as the number of samples grows up from 100 to 500. The size of t.h.e
automata set is equal to 100 and, each automaton has 7 states. Since the results
depend on the automata population, we have carried out 10 runs to exclude
influence of different automata sets and then, an arithmetic mean has heen cal-
culated. In order to analyse whether or not an automata subset approximate
better than the best automaton of the population (i.e., the automaton which
has the highest score), we have compared accuracy obtained in both cases.

number of samples
attempt 100 - - oy 500
setofautom. | bestautom. setofautom.| bestautom. setofautom.| bestautom. setofautom.' best . |
" 0. 0.855 0,954 0.950 0.8 0.842 ﬁ v md":;;&! T
2 0, 0,845 0, 0,963 0, 0.735 0, 0.875 0959 0959
3 0. 0.955 0. 0.885 0. 0.552 0864 079 0832 088
4 "L 0.925 0, 0,953 n.g 0.960 0. 0.896 Jﬂ. 0,955
5 0.7 0.955 0, 0,950 0. 0.947 0.931 0,940 0,847} 0,870
6 o.:oo[ 0,945 0, 0.930 o.g 0,748 0. 0,974 0.931 0.987
7 0,880 0,890 0, 0,780 0, 0,837 0,918, 0.974 0.974 0.959
8 0, 0,945 0, 0.718 0, 0,955 0.91 0855 0829 o0.941
9 0,51 0,735 0. 0,950 0, 0.955 ), 0.868 961| 0.970
10 0.855] 0,850 0.858 0.868 0. 0.955 .925] 0,930 ,869] 0.830
e 0. 0,891 0,859 0,895 o, 0,829 886 0,908 501, 0,518

Table 1. Performance analysis of the system over different number of samples (the
number of states of the automata is equal to 7)

[t may be observed a slight increasing of the accuracy as the number of sam-
ples grows up, though a low accuracy may appear for any number of samples. It
seems that when we generate a good set of automata (which is able to infer the
grammar), a better number of samples will help to improve the results. Obvi-
ously, if the major automata have low scores (close to zero). then the increasing
of the number of samples will not affect the accuracy value. Moreover, it may
be seen that the best automaton of a population does not always reaches the
higher accuracy with respect to the complete set. Even if a population does not
have automata with high scores, a set of automata may achieve good results.

The aim of the next experiment was to investigate the influence of the number
of states of the automata set with respect to its capability of obtaining the correct
grammar. Thus, we have increased the number of states from 7 to 12. The results
of this experiment are shown in Table 2. As expected, by increasing the number
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of automata states we highly improved the accuracy and, therefore, there is no
occurrence of very low accuracy, as we have seen in the previous experiment.
Besides. a probability of obtaining an automaton similar to the main one also
increases because the accuracy of the best automaton is generally higher than
that of the complete set. Morcover, by using 16 instead of 12 states for the
automata population, we may observe a similar behaviour (see Table 3).

l number of samples
atempt | 100 200 300 400 500
setolautom. bestaviom. setolautom.] bestautom, setofautom. bestautom. setolautom. bestautom. setofautom. beslautom.
1 0.760 0.935 0. 0.943 0.945 0.930 0,884 0.898 0,951 0,952
2 0,920 0,920 0,91 0,945 0.978 0,990 0.858 0.894 0.944 0,947
3 0.78s 0.900 0. 0,943 0.933 0,960 0,959 0.978 0.910 0,948
4 0,880 0,925 0. 0,943 0.928 0.960 0,955 0,963 0,967 0,971
5 0.530 ..0.920 0, 0.948 0.963 0.947 0.936 0,950 0,949 0,920
6 0.545 0,915 0.938 0.965 0,953 0,958 0.721 0.955 0,949 0,964
7 0.850 0,920 o, 0.943 0,930 0,958 0,934 0,955 0,948 0,947
8 0,920 0915 0, 0,950 0.958 0,957 0,808 0,954 0,936 0,948
9 0.935 0.835 0.91¢ 0.975 0,965 0.975 0,873 0.9486 0,946 0,948
10 0880 0,925 o.és: 0.970 0,958 0.965 0,849 0,673 0,955 0.953
Arthmetic mean 0831 % ra 0.9 0,952 0,951 0,960 0,878 0,936 0,946 0,950

Table 2. Performance analysis varying the number of samples (the number of states
of each automaton is equal to 12)

number of samples
100 200 300 400 500
setolautom. bestautom. setofautom. bestautom. setofautom. bestautom. |setofautom. bestautom. setofautom.| bestautom.

1 ; 0,795 0,985 0,963 0,960 0,973 0.:§ 0,956 0.973 0,986
2 0,780 0.980 0,963 0.958 0,952 0,9 0.964 0,981 0,935
3 0,960 0.985 0.828 0,568 0,962 0, 0.948 0,956 0,967
4 0,910 0,985 0,963 0,968 0,978 0. 0.974 0.976 0.952
s _0.780 0,940 0,955 0,960 0,962 0. 0.961 0,965 0,955
6 0.770 0,980 0,928 0,955 0,988 0, 0,953 0,956 0,973
7 0,730 0.985 0,865 0.955 0,967 0, 0,953 0,973 0.950
8 0,825 0,990 0,920 0,955 0.970 0.96¢ 0,784 0,958 0.952
] 0,775 0,985 0,943 0,960 0,712 0,972 0,955 0.958 0.976
10 0.985 0,985 0,948 0.973 0,922 0.:;3 0.970 0,933 0,951
Arithmetic mean 0,831 0,580 0.927 0,961 0,939 0,570, 0,942 0,969 0,960

Table 3. Performance analysis of the system with different number of samples (the
number of states ol each automaton is equal to 16)

[n order to increase the probability of obtaining the best set of automata,
the size of the population was also increascd (see Table 4). Normally, in the
gramatical inference task we lack of information about the number of states of
the automaton we would infer, therefore, it is desirable to approximate it with
automata containing as low number of states as possible. That is the reason
because we have set the states number equal to 7 in this experiment, as well as
we did in the first experiment. The size of the sample set has been chosen equal
to 500 in order to evaluate better the scores of an automata population.

In Table -I, we may observe the high improvement of the accuracy and, there-
fore, the improvement of the automata set properties with the increase of its size.
Moreover, we may sce that the best automaton of the population does not usually
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number of samples
atternpt 100 200 300 | 400 500

setofautom, bestautom. setofautom. bestautom. setofautom. bestautom, isetofautom. bestautom. selofautom.| bestautom.

1 0,889 0,956 0.912 0,900 0. 0,948 0.957 0. 0.979

2 0,973 0.959 0,906 0,871 0,957 0. 0,959 0,957 0, 0.964

3 0.958 0.958 0.968 0.965 0,957 0,95 0.948 0,872 0, 0.957

4 0,736 0.72% 0.966 0,957 0.965 0, 0,955 0,960 0, 0.967

5 0,759 0.73 0,882 0,983 0.916 0,931 0.957 0.957 0, 0.957

6 0,792 0.768 0.960 0,957 0.937 0,961 0.963 0.957 o, 0,984

F £ 0,908 0,926 0,930 0,97 0.957 o, 0,978 0,985 n.a 0,982

8 0,941 0,946 0,907 0,955 0,957 0. 0,956 0,957 0, 0,957

9 0,911 0,541 0.967 0,969 0.929 0.95 0,978 0.957 0, 0.958
10 0,777 0,790 0.902 0,957 0917 0,95 0,947 0,964 O.N:l 0,970
Asithmetic mean 0,864 0,857 0,934 0,950 0,939 0,950, 0,959 0,952 0,949, 0,963

Table 4. Performance analysis of the system with different sizes of the automata set
(number of states of the automata is equal to 7, size of the sample set is equal to 500)

achieves the highest accuracy. Thus, there still exist the problem of instability
of the obtained results.

We would propose two different manners of dealing with this particular prob-
lem. On the one hand, the most optimistic one is to improve properties of the
best population automaton. This process may be done by applying the genetic
algorithm to an automata population. The results are very promissing, even
though the initial automata set generated by the proposed system is not appro-
priate to approximate the main automaton. After the application of the genetic
algorithim we highly improved the properties of the automata and, therefore, it
is obtained a high accuracy. In Table 5 the accuracy before and after the use of
the genetic algorithm is presented.

automata set|best automaton
before 0.785 0.792
after 0,970 0.970
Table 5. Comparison of results before and after the application of the genetic algorithm

On the other hand, we may also improve the system perfomance by choosing
the best subsct of the population automata; although in this case the automata
characteristics remain the same and again we have a high dependence with
the automata set generated. We may split the training sample set by two and,
therealter, to use the first in order to obtain learning automata scores, whereas
the second part may be used in order to find the best automata set. Unfortu-
nately, we have not performed these experiments vet, because it may be doduc.ed
that they will not improve the results of the genetic algorithm. In fact, \\ilth
NUM_AUTOMATA=500, NUM_POS-SAMPLES=NUM_NEG_SAMPLES=500
and NUM_STATES=7, the proposed system normally achieves an accuracy close
to 95%, without the application of any other additional method (sec Table -1).
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5 Conclusions

We have built a gramatical inference system based on the use of genetic algo-
rithms that has shown good results. The aim of the proposed system was to
infer the grammar given a finite and non-deterministic automaton, by using a
set of additional automata. This automata set is automatically and randomly
generated by just establishing a set of parameters in the evaluation procedure.
The possibility of choosing either the best automaton or any subset of automata
whose scores are higher than a given threshold for the evaluation of the test set
is provided.

\We have carried out different experiments in order to analyse the influence
of the system parameters on its performance. There has been shown that the
results strongly depend on the initialization of the automata set. By increasing
the number of states we observed a raising of the automata score and, therefore,
the improvement of the results. Also the increase of the size of an automata set
raise the probability of generating automata similar to the main one. All these
conclusions have been confirmed by the experiments carried out.

Moreover, we have seen that the application of genetic algorithms may highly
improve the obtained results, even if the automata set has initial low scores. We
consider that the use of genetic algorithms is a good manner of dealing with this
particular problem, because the instrinsec properties of algorithms of this kind
conducts a wide search over very different solutions.

The use of deterministic instead of non-deterministic automata for modeling
the grammar seems to be not important, but we would like to investigate this
issue in the future. Finally, the application of this system to real problems will
be further analysed.
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